Building
Services

George Hassan



Macmillan Building and Surveying Series
Series Editor: lvor H. Seeley
Emeritus Professor, The Nottingham Trent University

Accounting and Finance for Building and Surveying A.R. Jennings

Advanced Building Measurement, second edition Ivor H. Seeley

Advanced Valuation Diane Butler and David Richmond

Applied Valuation, second edition Diane Butler

Asset Valuation Michael Rayner

Building Economics, fourth edition Ivor H. Seeley

Building Maintenance, second edition Ivor H. Seeley

Building Maintenance Technology Lee How Son and George C.S.
Yuen

Building Procurement Alan E. Turner

Building Project Appraisal Keith Hutchinson

Building Quantities Explained, fourth edition Ivor H. Seeley

Building Services George Hassan

Building Surveys, Reports and Dilapidations Ivor H. Seeley

Building Technology, fifth edition Ivor H. Seeley

Civil Engineering Contract Administration and Control, second
edition Ivor H. Seeley

Civil Engineering Quantities, fifth edition Ivor H. Seeley

Civil Engineering Specification, second edition Ivor H. Seeley

Commercial Lease Renewals — A Practical Guide Philip Freedman
and Eric F. Shapiro

Computers and Quantity Surveyors A.). Smith

Conflicts in Construction — Avoiding, managing, resalving )eff
Whitfield

Constructability in Building and Engineering Projects A. Griffith and
A.C. Sidwell

Construction Contract Claims Reg Thomas

Construction Estimating, Tendering and Bidding A.J. Smith

Construction Law Michael F. James

Contract Planning and Contractual Procedures, third edition B. Cooke

Contract Planning Case Studies B. Cooke

Cost Estimation of Structures in Commercial Buildings Surinder
Singh

Design-Build Explained D.E.L. Janssens

Development Site Evaluation N.P. Taylor

Environment Management in Construction Alan Griffith

Environmental Science in Building, third edition R. McMullan

European Construction — Procedures and techniques B. Cooke and
G. Walker

(continued overleaf)



Facilities Management Alan Park

Greener Buildings — Environmental impact of property Stuart Johnson

Housing Associations Helen Cope

Housing Management — Changing Practice Christine Davies (Editor)

Information and Technology Applications in Commercial
Property Rosemary Feenan and Tim Dixon (Editors)

Introduction to Building Services, second edition Christopher A.
Howard and Eric F. Curd

Introduction to Valuation, third edition D. Richmond

Marketing and Property People Owen Bevan

Principles of Property Investment and Pricing, second edition
W.D. Fraser

Project Management and Control David Day

Property Finance David lIsaac

Property Valuation Techniques David Isaac and Terry Steley

Public Works Engineering Ivor H. Seeley

Quality Assurance in Building Alan Griffith

Quantity Surveying Practice Ivor H. Seeley

Recreation Planning and Development Neil Ravenscroft

Resource Management for Construction M.R. Canter

Small Building Works Management Alan Griffith

Structural Detailing, second edition P. Newton

Sub-Contracting under the JCT Standard Forms of Building
Contract Jennie Price

Urban Land Economics and Public Policy, fifth edition
P.N. Balchin, J.L. Kieve and G.H. Bull

Urban Regeneration R. Just and D. Williams

Urban Renewal — Theory and Practice Chris Couch

Value Management in Construction B. Norton and W. McElligott

1980 JCT Standard Form of Building Contract, third edition
R.F. Fellows

Series Standing Order

If you would like to receive future titles in this series as they are published, you can make
use of our standing order facility. To place a standing order please contact your bookseller or,
in case of difficulty, write to us at the address below with your name and address and the
name of the series. Please state with which title you wish to begin your standing order. (If you
live outside the United Kingdom we may not have the rights for your area, in which case we
will forward your order to the publisher concerned.)

Customer Services Department, Macmillan Distribution Ltd
Houndmills, Basingstoke, Hampshire, RG21 6XS, England.




Building Services

George Hassan

PhD, MCIBSE, MIMechE, MIMarE
Formerly
Anglia Polytechnic University



© George Hassan 1996
Softcover reprint of the hardcover 1st edition 1996 978-0-333-53704-6

All rights reserved. No reproduction, copy or transmission of
this publication may be made without written permission.

No paragraph of this publication may be reproduced, copied or
transmitted save with written permission or in accordance with
the provisions of the Copyright, Designs and Patents Act 1988,
or under the terms of any licence permitting limited copying
issued by the Copyright Licensing Agency, 90 Tottenham Court
Road, London W1T 4LP.

Any person who does any unauthorised act in relation to this
publication may be liable to criminal prosecution and civil
claims for damages.

The author has asserted his right to be identified
as the author of this work in accordance with the
Copyright, Designs and Patents Act 1988.

Published by

PALGRAVE MACMILLAN

Houndmills, Basingstoke, Hampshire RG21 6XS and
175 Fifth Avenue, New York, N.Y. 10010

Companies and representatives throughout the world

PALGRAVE MACMILLAN is the global academic imprint of the Palgrave
Macmillan division of St. Martin’s Press, LLC and of Palgrave Macmillan Ltd.
Macmillan® is a registered trademark in the United States, United Kingdom
and other countries. Palgrave is a registered trademark in the European
Union and other countries.

ISBN 978-1-349-11954-7 ISBN 978-1-349-11952-3 (eBook)
DOI 10.1007/978-1-349-11952-3

This book is printed on paper suitable for recycling and
made from fully managed and sustained forest sources.

A catalogue record for this book is available from the British Library.



Talent alone cannot make a writer. There must be a man behind the
book. [Representative Men, ‘Goethe’]
Ralph Waldo Emerson (1803-82)






Contents

Preface

Acknowledgements

1 Natural and Mechanical Ventilation

—) — e ) ) ) el e
oo N ol Wi

Natural ventilation

Stack effect

Use of ventilating towers

Venturi effect

Effect of wind on buildings

Need for ventilation of an enclosure

Mechanical ventilation

Thyristor control

Ventilation system using combined extraction and
supply to a kitchen/dining room complex (KDR)

1.10 Use of a special-purpose false ceiling in a KDR complex
1.11  Further examples of the need for mechanical ventilation
1.12  Ventilation using high-velocity air jets
1.13 Distribution of air
1.14 Noise control in ductwork
1.15 Effect of short-circuiting in a ventilation system
1.16 Clean rooms
1.17 Effect of ‘open’ underfloor heating ducts
1.18 Specialised systems of mechanical ventilation
1.19 Threshold limit values for noxious substances
1.20 Comfort conditions
1.21 Importance of air velocity for human comfort
1.22 Energy balance equation
References
2 Air Conditioning
2.1 Introduction
2.2 Methods of heat transfer

vii

xiii

XV

16
19
22
24
24
27
29
29
30
30
31
31
33
34
34

36

36
36



viii

Contents
2.3 Depletion of the ozone layer
2.4 Types of refrigerator
2.5 Principle of operation of the vapour compression
refrigerator
2.6  Principle of operation of the absorption refrigerator
using ammonia and water
2.7 Use of a direct expansion coil
2.8 Use of water as a refrigerant
2.9  Performance of refrigerators
2.10 Psychrometric chart and air conditioning
2.11 Reasons for controlling the humidity of air
2.12 Components of a centralised air conditioning plant
for a large open plan office
Use of fan coil units with a centralised system
Use of a ‘split’ system to air-condition rooms in a
building
2.15 Use of the single duct induction system of air
conditioning
Dual duct system of air conditioning
Use of constant-volume, fan-assisted terminal units
in high-velocity systems
2.18 Use of variable air volume (VAV) terminal units
and ceiling diffuser strips in high-velocity systems
2.19 Effects of Legionella bacteria on the built environment
2.20 Installation and operation of pumps fitted to rising
~ mains containing hot water
2.21 Effects of night shutdown
2.22 Precautions to be taken at the building
commissioning stage
2.23 Use of evaporative cooling towers with air
conditioning plant
2.24 Use of other forms of cooling with air conditioning plant
References
Collection and Storage of Energy

3.1
3.2
3.3
3.4

3.5
3.6
3.7
3.8

Geothermal energy

Passive collection of solar energy

Active collection of solar energy

Wind and wave energy, conventional hydroelectric dam
systems and the use of tidal flow

Availability of thermal energy processes

Bio-fuels

Municipal waste

Natural gas

37
38

38

40
42
44
44
47
47

47
50

52

53
57

59

60
62

68
68

69

69
72
73

74

74
75
75

77
78
80
82
84



Contents

3.9 Coal

3.10 Oil, its residuals and distillates
3.11 Choice of fuel

References

Release and Absorption of Energy

4.1 Equipment required to burn natural gas
4.2  Equipment required to burn coal

4.3 Equipment required to burn oil

4.4 Equipment required to absorb energy
4.5 Flueing arrangements and emissions
References

Distribution, Emission and Control of Thermal Energy

5.1  Early distribution of energy

5.2 Current methods of energy distribution and emission
using water

5.3  Distribution and emission of energy using pressurised
water

5.4  Distribution and emission of energy for district
heating using water or steam

5.5 Treatment of boiler feed water

5.6  Distribution and emission of energy using low-
temperature embedded emitters, operating with water

5.7 Heat metering

5.8  Further methods of distribution and emission of energy
using cyclic and non-cyclic processes

5.9 Heat recovery

References

Electrical Energy
PART 1: GENERATION AND TRANSMISSION

6.1  General introduction

6.2  Direct current (dc)

6.3  Alternating current (ac)

6.4  Practical configuration for an alternator

6.5 Reason for using high voltages for transmission lines
6.6  Use of transformers

6.7  Transmission of power on a national and regional basis
PART 2: DISTRIBUTION AND CONTROL

6.8 General introduction
6.9  Sizing of an electrical supply to a development

84
87
94
95

96

96
99
108
112
121
130

131
131

132

143

146
153

157
163

164
184
190

192
192

192
192
193
197
199
201
202

207

207
208



X

Contents

6.10

6.11
6.12

6.13
6.14
6.15
6.16
6.17

6.18
6.19

6.20
6.21

6.22
6.23

6.24
6.25
6.26

6.27

Safety considerations and the need to bond metalwork
to earth

Choosing a suitable cable

Arrangement of the intake panel and other apparatus
within a multi-storey commercial development

Requirements for telecommunication systems

Data security

Control of electrical energy used for artificial lighting

Assessing the need for rewiring

Temporary distribution of electricity on the
construction site

Provision of emergency power

Use of a standby generator during periods of
maximum demand

Provision of emergency lighting

Provision of an uninterruptible power supply to
computers

Provision of a battery room

Use of electrical equipment in a potentially explosive
atmosphere

Type of protection

Selection of type of protection

Selection of enclosure according to temperature
classification

[llustration of the selection of suitable apparatus

PART 3: EMISSION AND CONTROL OF ELECTRICAL ENERGY

6.28
6.29
6.30

FOR SPACE HEATING

Description of apparatus

Description of apparatus using ‘off peak’ power

Use of a ‘compensator’ control unit to overcome
effects of thermal lag

PART 4: CONTROL OF ELECTRICAL ENERGY GENERATED

6.31

6.32
6.33
6.34
6.35
6.36

IN THE ATMOSPHERE

Electrostatic charges and their connection with
lightning strikes

Need for protection

Production of electrostatic charges in a thunder cloud

Earthing of steel-framed buildings and reinforcing bars

Effectiveness of earthing systems

Inspection testing and records

212
216

219
229
229
230
231

232
235

236
236

237
237

238
240
242

242
243

244

244
251

256

259

259
259
261
262
262
262



Contents

6.37 Protection of power supplies and data communication

lines against lightning

References

Water Services

7.1  Effects of the rationalised water bye-laws on the design
and installation of water services

7.2 Effects of back siphonage in water service pipes

7.3  Changes to bye-laws

7.4  Explanation of terms categorising hot and cold water
systems

7.5 Hot and cold water and cyclic process space heating

7.6 Provision of domestic hot water in commercial and
industrial systems

7.7 Methods of distribution of water supplies to high and
low rise buildings

7.8 Technology of pipe flow

7.9  Pipe sizing exercise for thermosiphonic flow

7.10 Pump and pipe sizing exercises for low-pressure hot
water space heating systems

7.11 Pipe sizing exercises for domestic hot and cold water
supply systems

7.12 Rating and capacity of hot water storage calorifiers

References

Fire Safety and Firefighting

8.1
8.2
8.3

8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11

8.12
8.13

Fire protection code

Building Fire Plan

Smoke control in protected escape routes using
pressurisation

Classification of types of fire hazard

Sprinkler systems, manual and automatic

Types of sprinkler systems

Performance of sprinklers

Types of sprinkler

Use of hydrant systems to combat fire

Classification of fires

Distribution, classification and rating of portable
fire extinguishers

Types of portable fire extinguisher

Automatic/manual firefighting systems using
extinguishing media other than water

Xi

263
264

265

265
266
269

277
278

292

307
317
321

326

335
347
356

357

357
357

360
364
367
371
379
386
388
399

400
403

406



xii

Contents

8.14 Fire detection for buildings
8.15 Alarm systems for buildings
References

Transportation in Buildings

9.1  Origins of lifts

9.2  Use of buffers

9.3  Development of automatically operated doors

9.4 Handling capacities of various circulatory methods

9.5 Planning a lift system

9.6 Quality of service of lifts

9.7 Basic specification for an office block lift system

9.8  Arrangement of lifts for tall buildings

9.9  Further recommendations on planning in the
CIBSE Guide D

9.10 Lifts for the disabled

9.11 Passenger lifts using electric traction

9.12 Passenger lifts using a hydraulic system

9.13 Goods lifts

9.14 Goods and passenger lifts using rack and pinion drives

9.15 Service lifts

9.16 Motor vehicle lifts

9.17 Firefighting lifts

9.18 Control systems for lift installations

9.19 Processing of landing calls

9.20 Application of computer control to a group of lifts

9.21 Temperature control in machine rooms

9.22 Modernisation of lift systems

9.23 Paternosters

9.24 Escalators and passenger conveyors

9.25 Use of an installation quality plan for escalators,
passenger conveyors and lifts

9.26 Tests on completion

9.27 Maintenance of lifts and escalators

9.28 Quality assurance applied to lifts and escalators

References

Index

415
427
430

431

431
432
433
434
435
437
438
439

440
442
443
444
445
447
447
448
449
451
453
454
455
455
457
458

461
461
462
462
463

464



Preface

To carry out their chosen profession in a satisfactory manner, all practi-
tioners associated with the building function must have some knowledge
of and be familiar with the state of the art of ‘building services’.

This book will be of use to students of all ages, levels and abilities
engaged in studying for professional qualifications on any grade of course
within the built environment. The author hopes that it will also assist
those who have been given the opportunity of making a career change
into the building services sector.

The useful life of building services can be in excess of 20 years and
students must expect to encounter both ‘old ' and ‘new’ technology, of-
ten functioning together in the same premises. Such conditions make it a
requirement that they should understand and appreciate the limitations of
both the ‘old’ and the ‘new’ plant, so that they can exercise their func-
tion in operating, or altering, any part of any installation effectively. Clearly,
practitioners must first appreciate the basic design parameters of the sys-
tem and, to help in this, | have prefaced the introduction of most of the
main topics with a short history of their development, and have also
given the reasons for arranging the separate parts of each installation in
the manner described.

I am confident that this book will prove to be of use to all architects
and their assistants, to builders, sanitary and heating engineers, as well
as to electrical and mechanical engineering consultants, building and quantity
surveyors, and building managers and inspectors. Throughout the text, |
have dealt with the topics from first principles, without assuming any
prior knowledge of the subject on the part of the reader. Analytical work
has been included only when the topic cannot be covered satisfactorily
in any other way, such as in the chapter dealing with pipe sizing.

I also recommend this book as a ‘first read’ for engineers, who will
discover that when describing and classifying the various thermodynamic
processes currently in use in the built environment, | have categorised
them using some of the descriptive terminology associated with applied
thermodynamics.

One of the main functions of building services consultants, building

xiii



xiv Preface

managers, inspectors and engineers is to deal with energy in the built
environment. Such energy is available in electrical and in non-electrical
forms, and is processed in separate stages, each of which requires a separate
field of knowledge, expertise and equipment. | have found it to be both
logical and convenient to describe the principal aspects of these stages
over four chapters, each of which may be described as being ‘energy
based’. Chapters 3, 4 and 5 deal with the processing of energy in its
non-electrical forms, while Chapter 6 deals with the processing of energy
in its electrical form. Hence, for energy in its non-electrical form: Chap-
ter 3 deals with its collection and storage, Chapter 4 deals with its re-
lease and absorption, and Chapter 5 deals with its distribution, emission
and control. And for energy in its electrical form: Chapter 6 deals with
its generation, transmission, distribution, emission and control.

Chelmsford, Essex Dr George Hassan
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1 Natural and Mechanical
Ventilation

1.1 Natural ventilation

It is a well-known fact that hot air rises and that its place is then taken
up by colder air. This natural effect occurs because the density (mass/unit
volume) of the rising column of hot air is less than that of the falling
column of cold air. This process in its continuously operating mode is
encountered in any naturally vented enclosure and also in any chimney
that is functioning properly. It is referred to as the ‘stack effect’.

The provision of openings in the walls of early buildings containing
fires served to: (a) aid combustion; (b) dispose of the smoke; (c) provide
natural ventilation.

1.2 Stack effect

An interesting case of the effect of rising warm air can be observed in the
open stairwells of multi-storey office blocks, particularly those where the
stairs are built adjacent to, but away from, an outside fenestrated wall,
see figure 1.1. Whenever a door leading to the foyer and/or landing is
opened, a vigorous current of air will start to rise to the highest part of
the building.

It is possible that an over-zealous heating consultant might prescribe
radiators to be fixed at position A on each floor. The reader might find
this understandable because radiators are often placed under windows,
to reduce the effect of the cold downdraught. In this case, however, the
provision of the radiators in the building is equivalent to providing a fire
at the base of a chimney (the stairwell) and it will be found that the
common circulation areas turn out to be very draughty, because of the
rapidly rising column of warm air. Very often provision has to be made
for a receptionist/telephonist in the foyer of the building and, when this
is the case, it is better to provide a heated enclosure, rather than attempt
to heat all of the foyer. Generally, the extent of heating in circulation

1
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areas is lower than in the office section of the building as most people
are only passing through.

The current architectural fashion for roofing-in the space between adja-
cent multi-storey buildings, using large areas of glass to create an enclo-
sure of light and space, is referred to as an ‘atrium’, and it is within such
constructions that the effect of rising columns of warm air may readily be
observed. In particular, in the summer, outside air is allowed to flow into
the building at ground level, usually through a number of open doors
fixed across opposite sides of the building. When walking through these
doors, one is aware of a flow of air, approaching a breeze, which cools
the enclosure. The air is normally exhausted through louvres in the roof,
which may be opened and closed automatically.

In winter, in order to restrict the flow of cold air into the space, the
entrance is usually limited to the use of a single revolving door, or an
airlock having sliding doors. In this way the heating effect of the solar
radiation passing through the glass walls and roof is conserved. In these
energy-conscious days, it is likely that in order to reduce the amount of
fossil fuel being burnt, structures which are referred to as ‘energy effi-
cient’ will become the norm, and it is likely that, in cold and temperate
climates, passive heating of dwellings and workplaces will be encouraged.

A passive system implies that the flow of energy is by natural means,
that is by natural convection, conduction and/or radiation. The stack ef-
fect can be used to transfer convective energy from a solar heated wall,
to the working space, see figure 1.2, and a similar effect can be obtained
using a conservatory instead of a close coupled sheet of glass as in figure
1.3.

1.3 Use of ventilating towers

The reader may be interested to learn of the way in which the stack
effect is used in ventilating towers, constructed in the Iranian desert. Bahadori
[1.1] gives details of the means by which natural cooling is achieved in
such areas, where at night clear skies are a frequent occurrence, giving
rise to a highly radiative environment. Figure 1.4 shows a vertical cross-
section taken through such a ventilating tower, and the following operat-
ing scenarios are possible:

(1) At night with no wind blowing

The tower behaves as a chimney, drawing warmed air from the living
space which is replaced by cool outside air. During this process the tower
walls eventually become cool.

(2) At night with a wind blowing

In this case the velocity of the wind often reverses the flow of air in the
tower and cold air is directed into the dwelling space cooling the walls.
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(3) During the day with no wind blowing

The warm air in contact with the cool tower walls becomes more dense,
descending and cooling the living space.

(4) During the day with a wind blowing

The result is the same as in (3), but the effect is greater.
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The ventilating tower uses both the stack effect and the velocity of the
wind to achieve ventilation. Many village halls, churches and schools
have ridge ventilators on their roofs, together with low-level adjustable
openings in their walls. The ridge ventilators use the kinetic energy of
the wind to help the existing stack effect. These roof ventilators are open
to the wind on all sides and are constructed so that the flow of air pro-
duces a drop in pressure inside the ventilator, inducing a flow of warm
stale air from the underside of the roof to the outside air. This process is
brought about by the ‘venturi effect’, which forms the basis of many static
roof ventilators and also has many other applications in technology.

1.4 Venturi effect

This effect can be explained using the principle of the conservation of
energy and by applying the appropriate equation of continuity.

Because air is compressible, the analysis of the flow regime is compli-
cated owing to a possible change in density, as it passes through the
tapered pipe shown in figure 1.5. In the case of a ventilator, any change
in density depends on a change in temperature and, because the tem-
perature remains constant, it can be assumed that the density also does
not change. Because of this and in order to make the analysis simpler,
the air may be assumed to behave as an incompressible fluid. The fluid
can be said to possess energy which may be recognised in various forms:

(1) potential energy (energy of position);
(2) kinetic energy (energy of motion);
(3) flow work energy (energy needed to move the fluid).

The use of the concept of the conservation of energy implies that the
sum of items (1), (2) and (3) equals a constant (ignoring losses between
points 1 and 2 in figure 1.5 and any effects due to magnetism or capillarity).

Velocity u, (m/s)

of wind u, (m/s) —_t > R E——_—

Area at inlet @ @ Area at outlet
a, (m2) a; (m?)

Figure 1.5 Tapered pipe
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In this case there is no change in the energy of position above or
below a datum level, as the tapered pipe is horizontal and item (1) is
therefore zero. The energy equation then becomes:

item (2) + item (3) = a constant

From this equation it is clear that any change in the magnitude of item
(2) must be at the expense of an equivalent change in item (3), and vice
versa. Using the equation of continuity of flow for an incompressible
fluid we can write:

volume flow rate (Q) = area (a) X the velocity of the fluid (u)
As there are no tee pieces we can write:

a, X u, = a, X u,
which when transposed gives

u, = a, X u/a,

As the ratio a,/a, is greater than 1, then u, is greater than u,

The magnitude of item (2) is a function of the velocity squared (u?)
therefore, if u, is increased, item (2) will increase, and because of the
reasoning given earlier, item (3) must decrease.

The magnitude of item (3) is proportional to the pressure and inversely
proportional to the density of the fluid; also as in this case the density is
assumed to be constant, it is clear that the value of the pressure at the
outlet must be less than the atmospheric pressure acting at the inlet. It
follows that any opening connected to the outlet of the tapered pipe will
tend to draw fluid into the system. Figure 1.6 shows the application of
this effect to a static roof ventilator and figure 1.7 the application to a
chimney cowl. In both cases the operation of the device will be unim-
paired by changes in the direction of the wind, and its effectiveness will
depend on the magnitude of the wind velocity.

1.5 Effect of wind on buildings

Research carried out in wind tunnels using scale models of buildings by
Jackman [1.2] gives details of the way in which pressures on the roof and
walls of tall buildings vary with the direction of the wind, see figure 1.8.
The values given show that it would be possible to ventilate any floor
of an office block by using these pressure differences. In practice, with
much badly sealed fenestration, the occupants of tall office buildings know
only too well the effect that wind can have on the papers on their desks,
even when all window openings are shut! However, there will come a
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time when the majority of fenestration will be double glazed, coated and
properly sealed and, when this is the case, the users of these buildings
will require some carefully controlled ventilation.

A possible solution to this need could be the provision of adjustable
openings in every wall in the building; the opening and closing of these
openings would be automatically controlled by the computer dealing with
energy management, using input signals received from pressure sensing
devices placed on the outside of each wall. In this way natural ventilation
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would be accomplished, using the pressure differences across the walls
(and roof) of the building, whatever the wind direction. A suitable computer
program could vary the area of the openings, depending on the magnitude
of the pressure difference across the walls/roof, so that it should never
again be necessary for those who work in multi-storey offices to be troubled
with an impromptu migration of paper from the desk to the opposite wall
of the building!

For those who wish to investigate the effect of the pressure differences
across buildings on the expected number of air changes per hour, further
useful reading can be found in Woods Practical Guide to Fan Engineer-
ing [1.3].
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Figure 1.8 Pressure variations on buildings due to the effects of wind velocity

1.6 Need for ventilation of an enclosure

‘Natural” ventilation occurs owing to the forces of nature; in some cases
it may be regarded as beneficial and in others not. The reasons why
‘fresh” air must be introduced to an enclosure may be categorised as
follows. There must be sufficient fresh air to:
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(1) provide sufficient oxygen (O,) to sustain life and any combustion process;
(2) remove carbon dioxide (CO,) and water vapour;

(3) dilute odours;

(4) remove particles causing airborne infection;

(5) promote body cooling;

(6) remove excess heat;

(7) remove possibly noxious industrial fumes.

It is found that the amount of air needed to deal with item (3) is nor-
mally greater than the amount of air needed for the other requirements,
although there will always be some processes where the needs of the
other factors take on a relatively greater importance. For example, the
need to remove flammable vapours, which are heavier than air, from a
paint spray room, is obviously different from that of the amount of venti-
lation needed for a lecture theatre. Also, any industrial processes requir-
ing operatives to be kept cool will require a greater volume flow rate of
air than that needed for the ventilation of a general office.

With the possible exceptions of items (6) and (7), it may be assumed
that if the ventilation rate is sufficient to make body odour unnoticeable,
then it follows that most of the other items listed above will be satisfied.
This condition is ideally suited to the subjective appraisal of a person
entering the enclosure ‘fresh’ from the outside, when his or her sense of
smell will rapidly detect the presence of odour. If however it is required
to control the ventilation condition automatically and change the operat-
ing mode of the ventilation system, then in the absence of the existence
of low-cost olfactory sensors outside the human body, use is usually made
of signals obtained from carbon dioxide (CO,) sensors sited in the room.

As the concentration of CO, increases, there is a need to increase the
volume flow rate of air. This is now easily possible, brought about by the
development of electronic control systems and the use of thyristor and
other speed controls on fan motors. The term ‘thyristor’ is explained in a
later section.

According to the 1986 CIBSE Guide [1.4] the maximum allowable con-
centration of CO, for 8-hour exposure for healthy adults in the UK is
taken as 0.5% by volume, while in the USA this is taken as 0.25%. The
CIBSE Guide gives the minimum ventilation rates required to limit the
concentration of CO, to 0.5%, over levels of activity ranging from 0.8
litre/s per person for sitting quietly to 5.3-6.4 litre/s per person for very
heavy work. _

A table of recommended air change rates for various types of building
is also published in the 1986 CIBSE Guide, which gives recommenda-
tions for the volume flow rate of air/person, as well as the hourly air
change rate. Typical air changes/hour are 610 for boardrooms, 8-12 for
canteens, 10-15 for restaurants, 4-6 for offices and 4-15 for laboratories.

Because statutory regulations must be satisfied, each system must be
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separately examined and some judgement is required before an air change
rate is finally chosen.

1.7 Mechanical ventilation

The operation of natural ventilation, depending as it does on climatological
phenomena, implies that the performance will be variable. With the. on-
set of mass production it is now possible to manufacture a wide range of
fans and electric motors, which are readily available at relatively low
cost.

The use of fans has almost superseded earlier natural methods of ven-
tilation, as architects no longer recognise the need to design living spaces
that are ‘lofty’, to allow for the natural ventilation process to take place.
This reduces the cost of buildings and mechanical ventilation is now used
extensively to make the enclosures tolerably comfortable for the occu-
pants. In the case of bathrooms and toilets having no windows, it is
mandatory to provide ventilation. The application of mechanical ventila-
tion to an enclosure can be carried out in various ways, and these are
classified in the following sections.

1.7.1 Extraction only

Figure 1.9 shows a system in which fans remove air from an enclosure,
and it should be noted that it is fundamental to the process of air extrac-
tion that planned fixed air inlets must also be provided, in order to en-
sure satisfactory performance of the scheme.

In the case of a kitchen/dining room complex (KDR), it is common
practice to extract air from the kitchen, so removing both heat and cook-
ing smells. By providing suitable fixed openings in the wall between the
kitchen and the dining room, air will also flow from the dining room to
the kitchen, so ensuring that unwanted kitchen odours are not perceived
by the diners. Most enclosures have irregular shapes and, to avoid pock-
ets of stagnant air, it is sometimes necessary to use ductwork for both
collection and distribution purposes.

1.7.2 Supply only

Figure 1.10 shows a system in which fans supply air to an enclosure,
making it very slightly pressurised, so that air inside the room tends to
flow outwards through each of the planned openings; this is found to be
helpful in the avoidance of draughts.

If the enclosure happens to be situated in a dusty environment, then
the slight pressure within the space will tend to stop the dust coming in
through any ill-fitting windows and doors. Window manufacturers refer
to the gaps around their products as ‘crackage’, and nowadays this is
expected to be minimal. In dusty conditions the incoming air must be
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filtered and, when this is carried out effectively, the frequency with which
the internal decorations need to be renewed will be reduced, producing
a saving in maintenance costs. To trap the dust, a viscous filter may be
used and, to ensure efficient operation, it can be cleaned continuously
and automatically. When the incoming air contains an odour having an
organic origin, it is possible to remove it by using a filter containing
activated carbon granules.

Whenever stagnant air pockets are to be dealt with by the introduction
of fresh and unheated air, the choice of air change rates and the assessed
heat input rate are closely linked and, to achieve a solution that will be
regarded as being satisfactory, by both the occupants and the client, the
consultant must manoeuvre carefully between these two parameters. Clearly,
if the space to be ventilated has a heating system which operates indifferently,
then provision must be made for the incoming air to be heated, before
attempting to ventilate.

1.7.3 Combined extraction and supply

Figure 1.11 shows a system in which air is both supplied to and removed
from an enclosure. With this system, the fresh air flow rate can be con-
trolled more closely than in the case of either of the methods detailed in
sections 1.7.1 and 1.7.2.

In order to retain the advantage of slight pressurisation of the space as
obtained in 1.7.2, it is customary to arrange for the inlet fans to deliver
approximately 20% more volume flow rate than the output fans. Also, by
controlling the fan speeds automatically, the system can be made to cater
for all the ventilation requirements as they vary throughout the time of
occupation.

1.8 Thyristor control

The thyristor is a solid-state unidirectional switching device, which oper-
ates on the alternating current sine wave in such a way that the wave
peaks and parts of the sloping sides of the wave are used to drive the
motor.

Using this method of speed control ensures that, even at low speeds,
maximum torque is available. Some energy is dissipated in the thyristor,
but it is very much easier and cheaper to use than the earlier pole switching
devices to be found on older induction motors. This new generation of
electronic speed control devices may readily be operated by means of a
centralised computer control module, possibly being triggered by a tem-
perature sensor.
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Notes:

1. Inlet volume flow rate is
20% greater than extract rate.
This ensures slight pressurisation
of the enclosure with air
tending to flow outwards,
producing no externally
induced draughts.

2. The positions of the fans
in the thickness of the walls
is diagrammatic.

Figure 1.11 Combined extraction and supply of air using mechanical
ventilation

1.9 Ventilation system using combined extraction and supply to a
kitchen/dining room complex (KDR)

The use of a ventilation system using combined extraction and supply
makes it possible to provide a separate flow of warmed or cooled air
which can be supplied to, and subsequently extracted from, the dining
area, in the knowledge that it will prevent heat and cooking smells that
emanate from the kitchen from reaching the diners. A suggested tradi-
tional duct layout for such a complex is shown in figure 1.12. Note that
the main supply and exhaust ducting are positioned at the centre of the
complex, so avoiding long runs of ducting having inordinately large cross-
sectional areas.
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1.9.1 Notes on sizing a ventilation plant for a KDR

It is always prudent to approach each problem using at least two differ-
ent methods of calculation. Provided that the original assumptions are
valid 'in both cases, then it is likely that the results from each method
will be comparable and a useful check will then have been made.

Firstly, the kitchen must be under negative pressure so that air will
flow into the kitchen from the surrounding areas. In order to achieve this,
it is customary to allow for the kitchen supply fans to deliver, say, 85%
of fresh air and to allow the remaining 15% to infiltrate from the dining
area. The extraction fans should remove 100% of kitchen air.

The capacities of hoods, ducts and fans may be" assessed by evaluating
the following three items.

Item 1

Extracted air in litres per second is approximately equal to the (number
of meals served/h) X either 10, or 15, depending on the type of meal
being served [1.4].

Item 2

The summation of the energy consumption rates of the cooking appli-
ances is a good indication of the amount of heat available per second to
be absorbed by the air in the kitchen. In the UK it is generally assumed
that in summer time temperatures in the kitchen should not be greater
than 30°C, when the outside air temperature is 25°C.

The necessary hourly air change rate can be calculated from the equation:

E = 1200 V X At

where E = energy input (W)
1200 (J/m?°C) is a constant, allowing for the specific heat capacity
of the air at constant pressure and its density
V = volume flow rate (m?s)
At = temperature difference between kitchen air and incoming ven-
tilation air (°C).

It is known that comfort conditions in a kitchen cannot always be ob-
tained simply by providing fresh outside air so, at this stage, some allow-
ance should be made for the projected volume flow rate to deal with
local spot cooling. The food preparation and grill areas will need local
spot cooling, and some air conditioning may also be required. Air
conditioning implies that the air is delivered either warmed or cooled
and having a planned moisture content (see Chapter 2). Currently, it is
unusual for full air conditioning to be applied to the whole kitchen area
on the grounds of high capital and running costs.
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Item 3

Based on the sizes of the canopies (or hoods) over the kitchen ranges,
allow for a minimum inlet velocity of 0.35 m/s through the hood open-
ings.

grhe volume flow rates, calculated from items 1, 2 and 3, may now be
compared with yet another estimate based on a table contained in the
CIBSE Guide, giving nominal extract rates for kitchen appliances (litre/s)
per unit or per m? net area of appliance. Typical unit figures are 300 for
pastry ovens, 450 for fish fryers and steak grills, 300 for steamers and
150-250 for tea sets [1.4]. According to the Guide, the volume flow rate
of extracted air must not be smaller than 17.5 litre/s for each unit of floor
area, nor less than 20-30 air changes/h. In fact, in some cases, volume
flow rates of extracted air can approach 120 air changes/h.

The differing approaches to the problem suggested above will each
produce a slightly different solution, and a final investigation should now
be made to check that the sizes of plant specified are not only valid, but
realistic. It will then be possible to size the ducts using the constant-
pressure drop method. Note that the constant-velocity method of duct
sizing is reserved for use when dealing with the conveying of dusts and
light particles, in which case the velocity of the air stream should not fall
below a settling velocity for the particles being transported.

When specifying ductwork sizes, allowances must be made for provid-
ing grease filters, fitted close to the source of production. The ductwork
should contain inspection doors that are large enough to permit access
for cleaning purposes, and these should be placed at frequent intervals
along the duct. In order to allow for the scraping, or pressure hosing, of
any painted and galvanised ductwork in the kitchen area, it must be
manufactured of material having a thickness of at-least 1 mm. Other likely
materials from which the ducts may be manufactured are stainless steel
or anodised aluminium. Glass is often used for the canopies. Wherever
fat is used for cooking purposes, the effects of a fat fire must always be
considered (details of suitable fire precautions are given in Chapter 8).

1.10 Use of a special-purpose false ceiling in a KDR complex

A recently developed alternative method of dealing with the problems
associated with the ventilation of kitchens, having a plan area greater
than about 40 m?, is to install a false ceiling, made up of purpose-designed
square, stainless steel modules, of which there are four different types.

Type 1

The exhaust module operates as a grease and condensate trap, also re-
moving steam and hot air from the cooking ranges and fat fryers by natu-
ral means.
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Figure 1.13 Exhaust module (type 1)

Figure 1.13 shows that the underskin of the module has holes in it,
pressed into the shape of nozzles pointing upwards; these discharge against
the underside of the upper skin. The nozzles serve to increase the vel-
ocity of the gases and, owing to the venturi effect (described earlier), the
pressure is lowered. As a result of this, the water vapour may exist in a
drier state and some of the moisture ‘flashes off’, to form more water
vapour, producing a slight drying effect. The remaining water droplets
and other fatty particulates continue in the direction of the main stream
of gas and impinge on the underside of the upper skin, falling eventually
into the collection troughs pressed into the edges of the lower skin of the
module.

For the purposes of cleaning, the whole module may be lifted clear of
its supports and immersed in a standard kitchen dishwasher. Spare clean
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modules may be inserted, so that the kitchen need never be out of service
while cleaning takes place. This results in a considerable saving in
maintenance costs, over the traditional KDR exhaust hood ventilation system
as previously described.

Type 2

This unit functions as an air supply module, through which fresh or con-
ditioned air is delivered to the perimeter of the kitchen, see figure 1.14.

Type 3

This unit is referred to as a lighting module, through which fresh or con-
ditioned air passes via the casings of the luminaires. This keeps the fit-
tings very slightly pressurised and serves the useful function of excluding
steam and fat from the surfaces of the fluorescent tubes, see figure 1.15.

Type 4

This module is made of a single skin of plain steel and is used for infill
purposes.

In practice, type 1 exhaust modules are grouped together over the cooking
ranges and fat fryers, and the space above them in the ceiling void is
partitioned off from the other modules and then connected to the exhaust
ducting. Similarly, the space above the type 2 air supply modules is con-
nected to the air supply ducting. Separate flexible connections are made
to each type 3 lighting module and connected to the air supply. Figure
1.16 shows one possible way of using the modular ceiling on the KDR
complex previously described.



22 Building Services

/) Splgotcn_)nnectlon 29774
to cool air supply
l [ l ) |
1 1 il
RO T T
! I
| 1 ]
1 1 ]
\ - |
b LT T _L 3-No. Fluorescent
| - »—‘\l\\\ ,,’llf NN PR RS /I tubes
’ AR \ ’ 1T N Py sTN N N
T T G T T 7 T\7 -7 T/ )
v N A \}i// vv \ ‘:,/ v
! I
l?::::::::::::::::::::::::::::::::-:p
Z A

|-

L
L&& Diffuser / 5 &

500 X 1500 mm
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1.11 Further examples of the need for mechanical ventilation

The comments made earlier with regard to the principle of containment
of kitchen odours apply to the planning of many other systems. Mechani-
cal ventilation is required for those industrial processes producing noxious
gases, which are situated within a general manufacturing area, as in the
case of plating works, steelworks and foundries.

Another obvious case where careful planning of the direction of the
airflow is required is that of the mechanical ventilation of toilet blocks.
As mentioned earlier, such ventilation is the subject of statutory regula-
tion, and the safest way of dealing with the requirements of the regula-
tions is to approach the environmental health officer for initial guidance
and possible help in the interpretation of the local council bye-laws.
Typically, a toilet complex in an office block would consist of a system
of horizontal ducts joining into a common vertical duct having twin fans,
one to act as a standby and having an automatic changeover switch. The
ductwork is connected to the suction side of the fans and the duty fan
operates continuously.

Mechanical ventilation is also required for crematoria, where it is pos-
sible that a cremation service and some cremations will be occurring at
the same time. It is normal practice for the cremation furnaces to be pre-
warmed by hot air, and this air, together with the products of combus-
tion, are then exhausted to the chimney using induced draught fans.
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Figure 1.17 Ventilation of a tall enclosure using high-velocity air jets

1.12 Ventilation using high-velocity air jets

It is known that a high-velocity stream of air entrains adjacent air which
then travels with it in the direction of movement of the jet.

This principle may be used to ventilate tall enclosures, such as thea-
tres, indoor stadia and law courts. The original air jet and the air en-
trained with it are then exhausted at high level from the other side of the
building. This effect is illustrated in figure 1.17, which also shows the
incoming air being heated, or cooled as required, by finned tubes. Provi-
sion must be made for access to these low-level heaters, to facilitate the
subsequent cleaning of fins and tubes. Figure 1.18 shows the principle of
high-velocity ventilation applied to a theatre. If the velocity of a jet of air
is too great, it produces unwanted noise which is due to the magnitude
of the shear stresses set up by the high-velocity gradients that exist be-
tween the moving and the stationary air. This effect becomes a limiting
factor on the velocity and possible ‘throw’ of the jet.

1.13 Distribution of air

Examination of the effects of air distribution in buildings nearly always
shows that parts of the enclosure are ill served and are sometimes short-
circuited.

This point is illustrated in a simple way in figures 1.9 and 1.10. However,
the sketches should make it clear that for good overall coverage of the
space, much depends upon the skill with which inlets, outlets and distribution
ductwork are positioned and, from the designer’s viewpoint, not least of
his considerations must be the amount of money available for the work.
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With regard to the positioning of air outlets, it is often stated that ‘no
outlets should be sited on a wall of the building which faces the direc-
tion of the prevailing wind’. This condition is too stringent if uniform
airflow across the ventilated space is to be achieved at all times. In an
attempt to overcome the effect of wind pressure, such planned outlets
should be fitted with wind cowls, see figure 1.19. Sometimes, self-opening
and closing shutters may be used where the noise of operation will not
be too obtrusive. Louvres that are virtually waterproof to all but horizon-
tally driving rain may be obtained and are sometimes used for air exits.

(g AN\~ \~

Wind cowl

ide of wall
Insid Sparrow guard
in wind cowl
Notes

1.  When the generation of pressure is
important (i.e. when driving into
ductwork), place the fan in the broken-line
position.

2.  When the volume flow rate is important,
position the front face of the fan
in line with the inner face of the wall.

Figure 1.19 Fan fitted with a wind cow!
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1.14 Noise control in ductwork

The noise associated with ductwork may be carried by the air passing
through the system and it may also emanate from the panels from which
it is constructed.

1.14.1 Material-borne sound

The ductwork used for the distribution of air is frequently made of steel
and, in order to limit the first cost, light gauge steel may be specified.

This sometimes results in some sections of the ductwork setting up vibra-
tions which are in phase with, and excited by, the fan and motor, or by
some other adjacent machinery. These effects can be avoided by chang-
ing the natural frequency of vibration of the offending panel, through the
addition of stiffeners. These may take the form of angle stiffeners, riveted,
welded or bolted diagonally to the vibrating panel, or of grooves pressed
into the panel in the form of a pattern. Both methods increase the second
moment of area of the sheet about the plane of bending and make the
panel more rigid, so that the subsequent deflection is less and the natural
frequency of vibration of the panel is changed. Alternatively, panels having
relatively large areas may be stiffened during manufacture by the use of
profiling. Profiling is the term used to describe the provision of grooves,
which are press-formed (sometimes diagonally) into the panels which make
up the ducting; this works in the same way as the other methods previously
described.

1.14.2 Fluid-borne sound

Unwanted noise is frequently transmitted by air in the ductwork to all
parts of the system, and it may consist of the sound of speech referred to
as ‘cross talk’, coming from a general office, or even a noisy managing
director’s office. By far the greatest proportion of sounds will come from
the operation of the fan and motor, particularly if the former is of the
single-stage axial flow type. Some of the unwanted sound may be the
result of an abrupt air entry to the fan, the closeness of a bend to the fan,
or the effect of slackness in a flexible duct connector, see figure 1.20. All
of these faults can be avoided by careful design. The object is to try to
make sure that air streams change direction smoothly, so that extreme
local air turbulence, giving rise to noise (and incidentally loss in pres-
sure), is avoided.

Unwanted sound energy can be attenuated by lining the inside of the
ductwork with a foamed plastic material, placed downstream of the fan
and continued for a distance sufficient to make the sound output from
the grilles acceptable. Sound absorption occurs whenever a sound pres-
sure wave collides with the elastic foam. The greatest number of collisions
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will occur at sharp, right-angled bends, so these should not be neglected
in the lining process. It is also likely that at such bends, some of the
sound waves will be reflected back towards the source.

Normally, in order to conserve the air pressure generated in the duct
by the fan, ductwork designers prefer to use right-angled bends that have
a large radius; these are referred to as ‘easy sweep’ bends. It is singularly
unfortunate that the sound attenuation effect of such easy sweep bends is
not as good as that of a sharp right-angled bend. The effect of lining the
internal surfaces of the ductwork is to increase the resistance set up to
the moving air, so that the net duct pressure available becomes less. It
follows that if suitable results are to be achieved, the need to attenuate
noise in a ductwork system must be recognised and dealt with at the
initial design stage. For those interested in carrying out the necessary
calculations, information on these and many other problems of noise control
related to the built environment is available [1.3, 1.5].

1.15 Effect of short-circuiting in a ventilation system

Some industrial buildings have large door openings through which fork-
lift trucks pass, and these openings often present an unplanned inlet or
exit for the ventilation air destined for the occupied space. Associated
with this, the velocity of the air through the opening is usually high enough
to cause personal nuisance to the operatives; the doors may also close
noisily.

One solution to this problem is to decrease the pressure drop across
the doors by providing more openings:

(@) in the doors (if possible);

(b) in the space surrounding the door frames;

(c) in the walls around the rest of the building, so that air may exit from
it with less of a pressure differential.

Note that the effectiveness of any ventilation scheme can only be the
result of a series of compromises between the various physical limita-
tions, which are sometimes randomly imposed.

1.16 Clean rooms

An extreme example of good air distribution occurs in the ‘clean rooms’
used in some high technology industries. For instance, some industrial
processes in the electronics and space industries require the manufacture
and assembly of component parts to take place in a near dust-free envi-
ronment.

In an attempt to satisfy this requirement, a bank of very fine filters is
arranged to occupy the whole of one end wall of the assembly space.
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Fans then move the inlet air across these filters and into the room. An
extraction duct is located across the opposite end wall and, in effect, the
room becomes one large air duct. Assembly of parts requiring the cleanest
of conditions takes place at the end of the room nearer to the filters,
while assemblies requiring less exacting conditions are carried out further
along the room, towards the extraction duct.

Special precautions are taken with regard to the clothes worn by the
operatives, heads are covered, and each person enters and leaves the
room through an air lock cubicle, which provides an ‘air shower’. In
fact, the human body in the process of normal living and locomotion
gives off showers of dust and particles of dead skin, and it is this effect
that makes the extraction end of the room less ‘clean’ than the inlet end.
For further reading about the relative sizes of different forms of dust par-
ticles, see [1.4] (section B3-43).

1.17 Effect of ‘open’ underfloor heating ducts

Those who attend churches and cathedrals which are still heated by means
of large diameter cast iron pipes, some of which are laid beneath gratings
in the floor of the central aisle, will be familiar with the characteristic
smell that permeates the air. The pedestrian traffic along the central aisles
is at times quite dense, and it follows that the heavier dust particles that
arise from this movement will fall on to the heated pipes below the gratings.
It is from this source that the characteristic odour arises and it would
seem that the placing of heating surfaces under gratings in floor ducts in
public places, such as foyers, where a high density of traffic is expected,
should be avoided.

1.18 Specialised systems of mechanical ventilation

The needs of industry are many and various, and each case is almost
certain to require a purpose-designed solution. Clearly, some technical
data about the requirements may initially be obtained from the client,
but it must be expected that by far the greatest proportion of data will
have to be culled from suitable reference books. Much detailed informa-
tion with regard to the mechanical ventilation of different types of build-
ings is given in [1.4] (sections B2-8 to 14), and some of the topics dealt
with are now listed:

(1) laboratories and fume cupboards, together with precautions needed
when dealing with radioactive substances;

(2) animal houses;

(3) pharmaceutical establishments;

(4) printing works;

(5) TV studios.
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1.19 Threshold limit values for noxious substances

Many industrial processes use chemicals that are potentially dangerous to
the operatives, for instance mineral and toxic dusts, fumes and spray mists,
and also gases and vapours. ' :

It is a matter of increasing concern that these substances should, by
proper ventilation, be kept to suitably low levels of concentration in the
working environment. The Threshold Limits Committee of the American
Conference of Governmental Industrial Hygienists produced equations
reproduced in the 1970 CIBSE Guide which will determine the Threshold
Limit Value (TLV) in mg/m? for upwards of 400 chemical substances and
mixtures.

The threshold limit value should be regarded only as an approximate
guide to an acceptable level of concentration of substances taken over
an 8-hour working period and a 40-hour week. The limit may be ex-
ceeded for short periods, provided that an equivalent period occurs when
the level is lower. But this does not apply to all substances, and it cannot
be emphasised too strongly that the results obtained by application of the
equations given, should first be verified by an expert industrial chemist
before any plant is specified to deal with handling problems. It may well
be that the calculated TLVs are still not applicable to safe and healthy
conditions for the particular substance being handled, especially if a poison-
ing effect is cumulative, or the noxious effect is due to, say, relatively
short periods of high mixture concentrations. The latter are referred to as
‘ceiling limits’ which should not be exceeded. The 1970 CIBSE Guide
contains an extensive list of TLVs (mg/m?) for toxic dusts, fumes and mists,
for example ammonium chloride fume has a value of 10.0, arsenic 0.5,
soluble components of barium 0.5, and manganese 5.0.

1.20 Comfort conditions

Any man-made system must always be examined to see whether or not it
comes up to specification. In the case of some ill-prescribed and badly
designed ventilation projects, it may be possible to prove that the details
of the specification have been met, even though some of the occupants
report that they feel ‘uncomfortable’. Predictably, this has resulted in the
search for an ‘Index of Comfort’.

Much research has been carried out and many papers have been writ-
ten on the subject of comfort and, while enough information has been
gathered for ‘zones’ of comfort to be prescribed, the actual application of
such information in normal budget building projects has, in the author’s
experience to date, proved to be somewhat problematical. Perusal of
Bedford’s classic work [1.6] will serve to indicate the difficulties to be
experienced in assessing what exactly is meant by ‘comfort’. The comfort
zone for sedentary occupations proposed by the CIBSE Guide is linked to
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outside air temperature. The following forms of temperature, referred to
as temperature ‘indices’, are used in defining the comfort zone and are
now defined.

1.20.1 Air temperature t, (°C)

This is usually taken to be the mean air temperature obtained using a
conventional mercury in glass thermometer. Note that t,; = air tempera-
ture inside and t,, = air temperature outside.

1.20.2 Dry resultant temperature t, (°C)

This is the temperature obtained from a thermometer having its bulb placed
at the centre of a 100 mm diameter sphere, which has been given a matt
black finish to make the reading sensitive to thermal rediation. The value
of the air velocity also affects the thermometer reading. This temperature
scale was devised by Missenard in 1935. It is widely used in Europe and
is often referred to as degrees Missenard (M), to honour its originator.
The following relationship applies:

t +3.17 X t, X v\
tfes=(' 317 X i X vI7) (1.1

(1 + 3.17 X v

where t,; = air temperature inside (°C)

v = air velocity (m/s)

and t

. = mean radiant temperature (°C).

1.20.3 Mean radiant temperature t, (°C)

This temperature can be obtained from equation (1.1) provided that v, t,
and t,, are known.

For still conditions inside an office, or dwelling, a maximum velocity v
of 0.1 m/s is a realistic value, and if this is substituted into equation
(1.1), t., may be obtained from:

t, = 0.5 Xt + 0.5 X t,

Recommended design values for dry resultant temperatures for various
buildings are contained in the 1986 CIBSE Guide. Typical examples of
t.. (°C) are art galleries and museums 20; lecture theatres 18; churches
18; factories (heavy work) 13; living rooms of dwellings 21; bedrooms
18; hospital wards 18; libraries 20; offices 20; and departmental stores
18.
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As yet, no mention has been made of the form of dress of the occu-
pants, whether or not they are engaged in vigorous activity, what effect
the colour of the decorations has on their perception of warmth, how
long they have been subjected to such conditions, or what effect the
presence of moisture in the atmosphere exerts on their metabolism.

In the opinion of the author, the search for universal conditions of
comfort in the built environment is likely to be unproductive. However,
in no way should such a statement deter practising professionals from
aspiring to attain the ‘comfort state’ and still less should it discourage
anyone from designing and running experiments to evaluate the interac-
tion of the many parameters involved.

Humphreys [1.7] has summarised the work done by up to 56 separate
authors and in his concluding discussion he helpfully points the way for
those who wish to gain more knowledge in the difficult field of ‘human
comfort’. One of his suggestions is that future researchers, when using
mathematical models for computer simulation processes, should investi-
gate the effect of time on the human reactions and that the results of
such investigations should then be compared with those obtained in the
field.

1.21 Importance of air velocity for human comfort

-Those who frequent building sites may have noticed the preoccupation
of ventilation engineers with the measurement of air velocities, both in-
side and outside their ducts.

Provided that the temperature of the air does not change appreciably
from one measuring point to the next, the continuity equation for the
flow of an incompressible fluid may be applied, with small loss in accu-
racy, to the flow of a compressible fluid (air) in the ducts. Hence:

Volume flow rate = cross-sectional area of duct X air velocity

[Q (m¥/s)] [a (m?)] [u (m/s)]

By measuring the velocity of air inside a duct and knowing the cross-
sectional area at the point of measurement, the continuity equation
Q = a X u may be used to determine the volume flow rate. This result
may then be compared with the design value for that section of the duct
and the system dampers may then be altered until subsequent measurements
indicate that the design figure has been met. This process is referred to
as ‘calibrating’ the system and is pertinent to the successful commission-
ing of any arrangement of ductwork.

By measuring the velocity of air in the occupied space at head level, a
rough indication of whether or not the occupant will feel comfortable
may be obtained. If the air velocity is less than 0.01 m/s at a height of
2 m above the floor, then the air is considered to be stagnant and the
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conditions are conducive to the occupants having a listless attitude and
developing headaches.

If in a temperate climate, with the enclosure at a temperature of 20°C,
the air velocity has a value of 0.2 m/s, 2 m above the floor, then these
conditions may be regarded as being representative of a ‘suitable’ state of
ventilation, likely to foster feelings of comfort. If the room temperature is
higher at say 25°C and the air is heavy with moisture, then air velocities
of 0.3 m/s and upwards may also be acceptable.

1.22 Energy balance equation

This equation occurs in various forms depending upon the subject to
which it is applied. In the study of thermodynamics it appears as the
steady (or non-steady) energy flow equation and is particularly useful in
solving problems dealing with the energy balance of engines, turbines,
refrigerators and other plant.

When studying the thermal performance of the human body it appears
in the following form:

M-W=C+E+R+S

where M metabolic rate (watts)

W = mechanical working rate (watts)

C = convective heat loss rate (watts)

E = evaporative heat loss rate (watts)

R = radiative heat loss rate (watts)

S = body heat storage rate (watts).
A popular mnemonic among students is M = SCREW, although no doubt
there are other letter combinations which would also serve. In attempting
to make the built environment as habitable as possible, it is clear that
ventilation in some form is a necessary requirement. It will also be ap-
preciated that in some cases, in order to try and approach the comfort
condition, there is a need for air conditioning to be installed, and this is
dealt with in the next chapter.
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2 Air Conditioning

2.1 Introduction

Air conditioning may be defined as a system or process for controlling
the temperature, humidity and cleanliness of air. The term ‘humidity’ re-
fers to the amount of water vapour which can be ‘carried’ or ‘supported’.
It is found that warm air can support more water vapour than cold air
and whereas warming air is a simple process, cooling it is more compli-
cated, requiring the use of special-purpose plant. The warming or cool-
ing of air is usually carried out by arranging for it to flow over a collection
of tubes, sometimes referred to as a ‘nest of tubes’, or a heat exchange
battery. The area of surface available for any heat exchange may be in-
creased by attaching circular fins to the outside of each tube along its
length. The substance producing the heating or cooling is then passed
through the inside of the tubes.

2.2 Methods of heat transfer

There are three ways of achieving heat transfer: it may occur as a result
of a chemical process, the existence of a temperature gradient, or a change
in the state of a substance.

2.2.1 Heat transfer due to a chemical change

Heat transfer occurs when one substance has a great affinity for another.
For example, ammonia has a high affinity for water and this means that
ammonia gas is readily absorbed into water, giving up its heat of affinity
from the chemical reaction. Such reactions are termed ‘exothermic’, when
heat is given out, and ‘endothermic’, when heat is absorbed.

2.2.2 Heat transfer due to a temperature gradient
This is the form of heat transfer with which the lay person is most fam-

iliar. Its magnitude depends on the product of the mass of the substance,
its specific heat capacity and the value of the temperature gradient.

36
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2.2.3 Heat transfer due to a change of state

A substance can exist in various forms and generally these are referred to
as solid, liquid and vapour phases. When the substance in a heat ex-
change process does not change phase (that is, solid remains as a solid,
liquid remains as a liquid, and vapour remains as a vapour), then energy
will be transferred only when a temperature difference occurs. However,
when a phase change occurs, energy is transferred at constant tempera-
ture. In this case, the amount of energy being exchanged is referred to as
either the enthalpy of fusion, when liquid changes to a solid, or the enthalpy
of evaporation, when liquid changes to a vapour.

Engineers have found that whenever energy exchanges involve a phase
change, smaller heat exchangers are required than if the transfer occurs
as a result of the existence of a temperature gradient; consequently, in
air conditioning it has become common to use phase change processes
for energy exchanges. Different substances change phase under widely
differing temperatures and pressures, and the choice of a suitable working
substance depends on the conditions needed inside the air conditioning
plant. A whole range of substances has been manufactured to serve the
needs of the heat transfer industry, and these substances are referred to
as refrigerants, the modern versions of which are produced from fluori-
nated hydrocarbons.

These refrigerants are characterised by rather long names, such as
dichlorodifluoromethane and pentachlorofluoromethane. By agreement, each
of these fluoro hydrocarbons and many other refrigerants have been clas-
sified using the letter ‘R’ (for refrigerant), followed by a series of num-
bers, the value and position of which generally serve to denote the chemical
make-up of the refrigerant. Details of the rules of the numbering system
or code are given in BS4580: 1970. Dichlorodifluoromethane is known

as R12 (a popular refrigerant), and pentachlorofluoromethane is known
as R111.

2.3 Depletion of the ozone layer

Currently there is considerable concern over the thickness of the ozone
layer which is above the poles of the earth. It is believed that these
layers are being made thinner by the action of sunlight and free fluori-
nated hydrocarbon molecules, which may have originated from the spent
propellants in aerosol cans and also from the discharge of fluorinated
hydrocarbons released from old domestic and industrial refrigeration plants.

The ozone layer serves to prevent most of the ultra-violet light, which
is harmful to humans, from reaching the Earth, and if only for this reason,
any further depletion of the layer must be avoided. It follows that in the
changeover to alternative refrigerants, users of plant containing fluorinated
hydrocarbons should never allow such substances to escape, or be discharged
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freely to the atmosphere. Some companies which manufacture these
refrigerants now have a section of their organisation whose function it is
to deal with the disposal of these refrigerants.

2.4 Types of refrigerator

There are two main types of refrigerator, both of which use the phase
change method of energy exchange, but in each type the change of phase
is brought about in a different way. Most refrigerators commonly in use
may be classed as (a) the vapour compression type and (b) the absorption
type.

2.5 Principle of operation of the vapour compression refrigerator

The operation of this plant may best be understood by first referring to
figure 2.1. The cycle can be described as follows:

From 1 to 2

Gaseous refrigerant is drawn into the suction side of the compressor from
the low-pressure side of the plant, compressed to a higher pressure with
a consequent temperature rise and delivered to the inlet of the condenser,
on the high-pressure side.

From 2 to 3

The gas is cooled and condensed, giving off heat to the atmosphere.

From 3 to 4

The relatively high-pressure liquid is passed through the pressure-reducing
valve, to the low-pressure side of the system. Because the liquid is now
at a lower pressure, its boiling point is lowered, with the result that the
liquid boils and turns into a vapour. This stage is sometimes referred to
as a ‘flashing off’ process.

From 4 to 1

The action of ‘flashing off’ is continued in the evaporator, with the necessary
enthalpy of evaporation being taken from the circulating fluid, which
becomes chilled. The complete process is then repeated.

2.5.1 The flashing off process
A common example of the result of a ‘flashing off’ process occurs when

a cylinder containing liquid butane under pressure is connected to a gas-
burning appliance. The effect of opening the valve on the cylinder is to
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allow the pressure inside it to fall slightly and, in order to make good the
drop in pressure, some of the liquid butane then turns to gas. In effect
the liquid boils, taking the necessary enthalpy of evaporation from the
walls of the containing cylinder. After a time, the walls of the cylinder
become very cold so that water from the atmosphere condenses on them
and, if the volume flow rate of the gas to the appliance is high enough,
then this water of condensation may freeze, turning into white frost crystals.

2.6 Principle of operation of the absorption refrigerator using
ammonia and water

In this plant, the mechanically driven compressor is replaced with a cir-
culating pump, a heat source and generator and an absorber, see figure
2.2. This is, of course, a more complicated arrangement, but it can be
justified because the work done in circulating the refrigerant is much less
than that which would be required to drive the compressor of the vapour
compression refrigerator previously described. Details of the cycle are as
follows:

From 1 to 2

Energy is supplied to the generator (or boiler) by the use of heat, which
may be obtained from steam, a flame, an electrical resistance, or solar
energy; this separates the ammonia from the solution of water and am-
monia, sometimes referred to as an ‘ammoniacal solution’.

From 2 to 3

The ammonia vapour is now cooled and condensed to a liquid, giving
up its enthalpy of evaporation to the condenser cooling water.

From 3 to 4

The liquid ammonia is then ‘flashed off’ through the pressure-regulating
valve to a lower pressure, which lowers its boiling point. Hence the low-
pressure liquid boils, taking the heat needed from the surrounding water
in the evaporator and chilling it.

From 4 to 5

Note that the pressure in the evaporator is kept low because of the high
affinity that exists between gaseous ammonia and water. The ammonia
readily goes into solution, giving up its heat of affinity from the chemical
reaction. In this case the chemical reaction is termed ‘exothermic’ (heat
is given out), and this takes place in the absorber.
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Figure 2.2 Absorption refrigerator

From 5 to 1

The circulating pump draws some of the strong ammoniacal solution from

the absorber and delivers it to the generator ready for the ammonia to be
boiled off.

From 1 to 6

In order to replenish the liquid in the absorber, the remaining water in
the generator is allowed to flow from the relatively high pressure of the
generator back to the lower pressure of the absorber via a preset throt-
tling valve. In actual plants some of the heat of the exothermic reaction
taking place in the absorber is used to supplement the energy needed in
the generator to heat the ammoniacal solution, and this is done using a
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separate heat exchanger called an economiser (not shown in the figure).
Some larger absorption refrigeration plants use a solution of lithium bro-
mide and water instead of ammonia and water.

2.6.1 Use of solar energy as a heat source in the absorption cycle

Devotees of solar energy have been quick to realise that it could be an
attractive proposition to use energy from the sun as the heat source for
the generator. This is because when the energy output from the sun is at
a maximum, the required cooling load is also likely to be a maximum.
When ammonia and water are used, this approach requires a tempera-
ture of about 100°C to 110°C at the generator and it follows that if a flat
plate solar heat collector is to be used, then the application is best car-
ried out in a tropical climate and the water system should be pressurised
to prevent the water from boiling at temperatures just above 100°C. It
may be found beneficial to use a flat plate solar heat collector of the
Philips type, which consists of evacuated glass tubes in physical contact
with the working substance to be heated. The evacuated tubes reduce
convection losses within the collector, making it thermally more efficient
so that the overall energy loss is much less. Alternatively, a concentrating
collector could be used. For those who are interested in the use of solar
energy applied to absorption refrigeration machines in the tropics, many
papers have been written on the subject, see, for example, [2.1].

2.7 Use of a direct expansion coil

It is common practice to arrange for the evaporator coil to consist of a
nest of finned tubes actually fitted into the air conditioning duct. Such an
arrangement is referred to as a direct expansion coil, DX for short; its
inclusion obviates the need to provide a separate heat exchange battery
and circuit for the chilled fluid, which is shown leaving the evaporator
and returning to it in figure 2.1. Figure 2.3 shows another variation of
plant which would be suitable for a cold room, used for storing food-
stuffs. The heat exchanger tubes would in this case have a motor-driven
fan mounted behind them, which would serve to circulate the air to be
chilled across the tubes and back into the space to be refrigerated.

Mention must be made of the cooling circuit associated with the con-
denser in figure 2.1. It is common to use cooling water obtained initially
from the town’s water main and, in order to recycle the water, it too
must be cooled, before being reused in the condenser. This process is
frequently carried out in cooling towers which, if not maintained and
operated properly, can become a source of the Legionella pneumophilia
bacterium. Readers will know that legionnaires’ disease can produce fatal
results among operatives and occupants of the building as well as the
general public (see section 2.19).
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2.8 Use of water as a refrigerant

Readers who are enthusiasts of paradox will be interested to note that the
use of steam to bring about the production of a cool environment is
currently gaining ground in the technologies associated with drying food
and chemicals (freeze drying). Figure 2.4 shows the layout of the basic
system. The water to be chilled at, say, 27°C is sprayed into the evap-
orator which is kept at a pressure of, say, 0.03 bar, at which pressure the
temperature of saturation (boiling point) of the water is 24.1°C. Under
these conditions some of the water boils and turns into vapour, taking
the enthalpy of evaporation needed from the vessel and its contents, and
chilling them in the process. The evaporator is kept at the pressure of
0.03 bar by means of a steam ejector. This device makes use of the
property of a high-velocity jet of fluid to entrain with it the surrounding
relatively stationary fluid. In this case the steam is passed through a nozzle,
which produces a high-velocity jet, entraining the water vapour that leaves
the evaporator. The mixture then passes to the condenser via a diffuser,
the purpose of which is to reduce the velocity and lessen the possibility
of erosion occurring in the condenser.

2.9 Performance of refrigerators

When the refrigeration cycle is used to remove energy from a cold room,
keeping the contents at a temperature less than that of the surroundings,
the amount of heat extracted is important to the operator; in this case the
ratio of heat extracted/work done by the compressor is called the coeffi-
cient of performance of the refrigerator (COP,). Typical values of COP,
range from 1.5 to 4.0 depending on the type of installation.

Examination of the refrigeration cycle will show that the net effect of
the operation of the plant is (a) to remove energy from the evaporator, by
means of the refrigerant, and (b) to do work on the refrigerant as it passes
through the compressor. Both these components of energy are then passed
to the condenser and subsequently dissipated in the atmosphere. An alter-
native method of using the refrigeration cycle is to arrange for the evaporating
refrigerant to take energy from a coil which is fitted into, say, the warm
air extract duct from a kitchen/dining room complex (KDR). By adding
the work of compression to the refrigerant (as before), it is then found
that the sum of the two energy components, when passed to the condenser,
reaches a temperature which is high enough to provide the input to the
coil of a hot water cylinder used for domestic hot water. In this case the
amount of heat passed to the coil of the hot water cylinder is important.
The plant is said to be operating as a ‘heat pump’ and the ratio of heat
rejected/work done in the compressor is referred to as the coefficient of
performance of a heat pump (COP}).
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Clearly, other scenarios are possible and the refrigerant in the evapora-
tor coil could take energy from:

) a canal or river;

) the atmosphere;

) the earth;

) the fluid in a series of flat plate solar heat collectors;

) any warm outpourings from a kitchen or void in a false ceiling;
)

1
2
3
4
5
6) any industrial process, be it a foundry or a chemical plant.

After the work of compression has been added to the refrigerant, it
could then give energy to:

(a) the cold air entering a warm air heating plant;
(b) the cool return water entering the boiler of a space heating plant.

Past experience with heat pumps has shown that whenever energy is
withdrawn from coils of tubing buried in the ground, the route taken by
the piping becomes visible after a few months of operation. In winter,
the energy taken from the moist soil surrounding the pipes results in the
water freezing and expanding to produce ‘heave’ on the surface. In sum-
mer, there is sufficient energy flowing from the surrounding soil to pre-
vent the freezing of the water adjacent to the pipes, and consequently
signs of the previous ‘heave’ disappear. For those who value a well-kept
lawn, heat pump evaporator pipes should not be buried under green-
sward. From this point of view it is better to use a battery of finned tubes
sited in the open air where it has been found possible (in the south of
England), even in the depths of winter, to obtain energy from the sur-
rounding air for use in the home.

It must be mentioned that the flow temperature generally obtainable by
means of a heat pump for space heating using radiators (about 50°C) is
lower than the normal design temperature of, say, 80°C obtainable from
a conventional energy converter or boiler, so that for the heat pump in-
stallation it will generally be found necessary to allow for a greater sur-
face area of radiators than would normally be the case.

Over the last 50 years engineers have been fascinated by the possibili-
ties of using the basic refrigerating cycle as a heat pump, but have been
disappointed by the lack of cost-effectiveness of their schemes. The author
is of the opinion that two interrelated factors will ensure that the heat
pump has a viable future. Firstly, the relative cost of energy is gradually
rising, and secondly, there is a consequent need for users to be more
energy conscious. Both these factors will ensure that clients will be pre-
pared to provide more initial capital, to make heat husbandry a much
more common exercise than it has been over the last half century.
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2.10 Psychrometric chart and air conditioning

Engineers use psychrometric charts to plan and plot the thermodynamic
paths of air through installations which are either existing or proposed. In
this way, with the aid of data from the manufacturers of the equipment,
a suitable air conditioning system may be prescribed for any given set of
conditions.

2.10.1 Example of the use of the psychrometric chart

Referring to figure 2.5, air at an outside temperature of, say, 4°C, relative
humidity (RH) 80% may be preheated to, say, 18°C, RH 30%, as indi-
cated on the figure of the psychrometric chart by line AB. The air at
point B is much drier than it was at A, simply because at the higher
temperature it can ‘carry’ more moisture. For comfort conditions, the air
should be delivered at, say, 20°C and 50% RH, and one way of achiev-
ing this is to spray warmed or chilled water (depending on the season)
into the air, when it will follow the path BC. Final heating will then
follow the path CD, producing air at the desired 20°C and 50% RH.

2.11 Reasons for controlling the humidity of air

(1) Dry air encourages the build-up of static electricity so that if, as in a
hospital environment, combustible gases are present and sparking occurs,
an explosion may result. In modern offices and in computer rooms,
the presence of static electricity is unwanted because of the possible
destruction of electronic records and equipment; the introduction of
air at 50% RH makes such happenings less likely.

(2) Readers will know from personal experience that the mucus mem-
branes present in the nose, throat and lungs are irritated by an exces-
sively dry atmosphere and that high humidity reduces the rate of
evaporation of water from the surface of the skin, causing excessive
perspiration and so affecting thermal comfort.

(3) It has been found that the life span of the bacteria pneumococcus is
less than 10 minutes when the RH is 50%, but of the order of 2
hours when the RH is greater than or less than 50%, see [2.2].

(4) The storage, shelf life and handling of wood, paper, fabric and yarns
are greatly affected by humidity.

2.12 Components of a centralised air conditioning plant for a large
open plan office

The general arrangements of the components required are as shown in
figure 2.6. The calculations and graphical solutions of the designer must
take into account the amount of sensible heat gain and evaporative moisture
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Figure 2.5 Sketch of psychrometric chart
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gain in the spaces being conditioned. When, as is usually the case, the
moisture content has to be altered, this can be arranged by using chilled
or warmed water sprays, as described in subsection 2.10.1, with or without
a direct expansion coil (DX).

Note that the water used in the sprays should either be ‘once through’,
or be subject to biocidal control to prevent the multiplication of Legionella
bacteria. To facilitate this in health establishments, it is now likely that
dry steam injection will be used instead of a water spray system. For
installations that do not have steam facilities on site, small steam genera-
tors are available, which work on the electrode boiler principle, as ex-
plained in Chapter 3. The path of the humidifying process when dry steam
is used is indicated by line EF on figure 2.5. Note that less energy is
required from both the pre-heater and the after-heater in this case.

The calculations for the variation in thermal loading of the enclosure
can be long and rather tedious when done manually, but in recent years,
with the advent of computers, the work has been greatly facilitated. The
centralised plant illustrated is ideally suited for application to an enclo-
sure such as an open plan office area, where the thermal loading, while
varying diurnally, does not vary widely throughout the enclosure at any
one time. It can be said that a centralised plant generally provides a
constant-volume flow rate of air, but varies the air temperature. Figure
2.7 shows a suggested layout.

Stale exhaust air is drawn into a purpose-made ductwork system and,
in buildings which have corridors, these systems have sometimes been
used as ready-made return routes for exhaust air. In the event of a fire
occurring it is obvious that these corridors will almost immediately be
filled with smoke, thus making their use as escape routes impossible.
Clearly, exhaust ducting should be provided.

2.13 Use of fan coil units with a centralised system

It is often the case that one floor of an office block is partitioned so that
there is a large open plan general office together with satellite offices
spaced around, say, two sides of each floor, see figure 2.8. These offices,
particularly if they face the sun, will have disproportionately large and
different insolation loads from each other and also from the general of-
fice, so that it becomes impracticable for a central plant to deal with the
different loadings occurring at any one time in all parts of the building.
This difficulty can be overcome by the use of fan coil units, illustrated
in figure 2.9, which each deal separately with the thermal loading per-
taining to the space in which they are fitted.

The fan coil units can be mounted in a false ceiling in each room, or
in a false ceiling in an adjacent corridor, or on the wall in each room.
Current versions can have pneumatic or direct digital electronic controls
which can be removed from each unit and placed in a centralised posi-
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Figure 2.7 Open plan office with air conditioning from a central unit

tion if required, or be linked to a management control system. The units
incorporate filters which may be selected to suit the environmental re-
quirements of each room. The conditioned air supplied to each fan coil
unit comes from the central plant and is carried in a duct which may
conveniently be sited in a false ceiling. The fans are often of the cross-
flow type, sometimes referred to as ‘drum’ or ‘squirrel cage’ fans, and
extend almost the whole length of the outlet grille, so ensuring an even
delivery of air to the room. It is important to provide a condensate tray
under each cooling coil which should, if possible, drain to waste under
the action of gravitational forces, though pumped systems are available.

Depending on the season, the coil of each fan coil unit is supplied
with chilled or warmed water and the operation of the fan is linked to
the temperature conditions in the room served by the unit. In this way
the central plant is able to function under relatively constant conditions
of thermal equilibrium, while in practice the enclosure presents a varying
thermal load.
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Figure 2.8 Plan of general office, having peripheral offices each served by a
fan coil unit dealing with diverse thermal loading

Whenever fan coil units are used, it is essential to make sure that the
‘throw’ of the air into the room and its volume flow rate are sufficient to
deal adequately with the physical size of the room, and that the position-
ing of the exhaust outlets avoids, as far as possible, short-circuiting of the
air.

2.14 Use of a ‘split system’ to air-condition rooms in a building

When it is necessary to air-condition just a few rooms in a building, it is
possible to do this using what is referred to as a ‘split’ system. It has
been found convenient and advantageous to house the basic refrigerator
cycle plant in two cabinets, each of which complement one another.
When the refrigeration cycle is acting as a cooling unit to the enclosure,
the arrangement shown in figure 2.10(a) is used. When the refrigeration
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Figure 2.9 Fan coil unit in a false ceiling

cycle is acting as a heating unit to the enclosure, the arrangement shown
in figure 2.10(b) is used, and it is then said to be operating as a heat
pump. When wall space is at a premium, the fan coil unit can be placed
at high level, or in a false ceiling if available. Figures 2.10(a) and (b)
show the two units in juxtaposition, but it is possible to extend the pipework
between them, making the two units up to 100 metres apart. The advan-
tages of this system are that: (a) no ductwork is required, and (b) it is
obviously easier to run and conceal pipework than ductwork. However,
the pipework contains refrigerant, which must be charged when the plant
is commissioned.

2.15 Use of the single duct induction system of air conditioning

The application of air conditioning to larger and taller buildings has re-
sulted in the need to deliver relatively greater volume flow rates of air
through ductwork and, in order to keep the physical size of the ducts
within acceptable limits, it has been found necessary to increase the velocity
and pressure of the air being handled by a factor of 2 or more. Also, in
order to cut down on the area occupied by the ductwork, it becomes
attractive to provide a single air duct, together with cooling/heating water
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Table 2.1 Typical air velocities in ducts

Type of building Average velocity (m/s)
Main Branch Supply Type of
ducts ducts grilles system
Private dwellings 4 3 2
Public buildings (quiet) 6 5 4
Public buildings (noisy) 9 7 6 Low
velocity
Industrial buildings 11 8 7
Public buildings 18 15 5 High
velocity

Compiled from Woods Practical Guide to Fan Engineering, 2nd impression, page
84, table 6.2. © Woods of Colchester Ltd.

flow and return pipes; such a system is referred to as an air/water system.
This arrangement is used in the single duct induction system of air
conditioning.

Note that a direct result of increasing the velocity of the air in the
ducts is to increase the noise produced by the movement of the air through
the system. Table 2.1 gives an indication of the air velocities in different
sections of the ductwork in different types of building, when using low-
velocity and high-velocity air distribution systems. Noise from a fan can
be reduced by placing the fan between two purpose-made silencers, con-
sisting of cylindrical sound-absorbing sections of duct, lined with poly-
urethane foam or fibre glass at least 100 mm thick and contained in an
annular cylinder of perforated metal:

The holes in the metal lining, together with the air immediately behind
each hole, produce a sound-attenuating effect, sometimes referred to as
the ‘Helmholtz effect’. The air just behind and around each perforation
behaves as a tiny spring, and the amplitude of oscillation of the spring is
produced and maintained by alternate pressurisation and rarefaction of
the air when a sound wave is directed towards each hole. The vibration
of the small air spring produces a minute frictional drag effect and when-
ever a force is moved through a distance, energy is expended. This energy
is absorbed from the sound wave and the sound is reduced. Information
on this topic may be found in [2.3].

Further sound attenuation may be achieved where main ducts change
to branch ducts, by arranging for the main duct to open out into a cham-
ber lined with sound-absorbing material and referred to as a plenum cham-
ber, octopus box, or rectangular attenuator. Note that if the outlets from
these units are offset from the inlet, this method of construction produces
further sound attenuation.

In the single duct system referred to at the head of this section, the
ductwork after the rectangular attenuator is known as the primary air
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supply ductwork. Each primary duct then discharges into a terminal rec-
tangular attenuator, or silencer, which is fitted inside the room air induc-
tion unit, as shown in figure 2.11. After the air leaves the silencer, it is
then discharged through nozzles inclined in an upward direction through
the unit and these nozzles increase the velocity of the air at the expense
of the pressure in the silencer. The emerging high-velocity air streams are
then used to entrain the air surrounding them, so inducing a flow of air
from the room across the heater (or cooler) battery, where it is finally
delivered through a grille having a relatively large free discharge area, to
minimise the noise which may be generated at the exit from the unit.

The heat exchanger may be controlled by a thermostatic valve. The
unit does not require a local fan and, if the noise generated by the high-
velocity distribution system has been suitably attenuated and the induc-
tion unit has been chosen for its low sound emission, then the overall
effect for the occupants of the room will be acceptable.

The system is eminently suited to air conditioning the rooms occupying
the periphery of buildings and will successfully deal with a depth of up
to 4 metres from the external walls. For deeper buildings, the extra ven-
tilation and cooling needed have to be dealt with using a different method.

2.16 Dual duct system of air conditioning

In this system, hot and cold air are circulated in primary ducts and taken
to individual blending units which are usually situated in wall cabinets,
see figure 2.12. There are many different types of blender with different
methods of control, mainly pneumatically operated. The CIBSE Guide 1986,
section B3-28, details some of the control functions and associated prob-
lems dealing with the effect of variation of pressure in the ducts on the
output of the blender.

Because air alone is used as the working substance (an all-air system),
treble the volume flow rate of air is required to carry the energy that is
needed, compared with the single duct system using air and water. It
follows that the extra air supplied must also be exhausted from the build-
ing and, because it is now considered to be cost-effective to recover the
energy given off from the lighting fittings, office machinery and occu-
pants, this exhaust air may conveniently be used as the vehicle for this
purpose. In buildings with a storey height tall enough to accommodate a
false ceiling, the space above the ceiling is used to collect the warm
exhaust air prior to returning it to the main plant and the heat recovery
apparatus.

Under these conditions, the dual duct system provides air conditioning
and ventilation for any depth of room, together with a useful element of
energy recovery. Considerable operating difficulties have occurred in the
past when the control dampers in the blender and the temperature sensor
were connected by means of small-diameter plastic tubes, which at some
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Figure 2.12 Dual duct constant-volume flow rate blender, using a mechanical
method to deal with variations in duct static pressures

point in their length were exposed to the ultra-violet rays of the sun.
These rays degraded the plastic, producing random pressure losses which
made the operation of the control mechanism unreliable.

2.17 Use of constant-volume, fan-assisted terminal units in
high-velocity systems

These acoustically lined units take a supply of cool, conditioned, high-
velocity air from a central plant (primary air) and mix it with warm air,
usually taken from the ceiling void (secondary air), to produce a con-
stant-volume flow rate, which is discharged to the space being served,
see figure 2.13. If additional heat is required, this can be provided from
within the unit, by using hot water heating coils and, conversely, if heat
needs to be removed, then cooling coils may be used. The amount of
primary air needed is controlled automatically by an electronic controller



60 Building Services

Optional heat

exchanger
Acoustically lined Cross-flow fan
rectangular box /
S_econdary warm &
air from false
ceilin P S
9 Mixed air outlet
'aVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA'] A to room
() —= (constant-volume
Primary air flow rate)
conditioned by — = - =
central plant 4
! ! n
. 7 Preset fan speed
' I l L____.j' ulat
\ Damper Controller - regulator
: actuator — ! )
A O
! -
""""""""""""""""""" O Room

+ +__Connections to
1 central energy
1

[}
i .
management unit

Figure 2.13 Constant-volume flow rate, fan-assisted terminal unit

which can operate an electric or pneumatically controlled damper fitted
to the primary air duct. The option is open for each controller to be part
of a central energy management system.

2.18 Use of variable air volume (VAV) terminal units and ceiling
diffuser strips in high-velocity systems

In this case a different kind of terminal unit is often used which gives the
air conditioning engineer one more dimension of control over the use of
energy. The enclosure is kept at the desired condition by varying not
only the temperature of the discharged air, but also its volume flaw rate,
see figure 2.14. Control of the unit may be accomplished using a central
management system. Because the unit is used in a high-velocity air sys-
tem, it is lined acoustically.
The unit operates in the following way:

(1) The flow sensor generates a signal, the magnitude of which is com-
pared by the controller with a set point signal representing the de-
sired volume flow rate, which can be variable between preset maximum
and minimum values.

(2) If a difference is detected between the signals, the controller gener-
ates an output proportional to the difference, and this output signal is
then used to change the position of the damper in the primary air
supply duct, so achieving the desired volume flow rate to the zone.
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Figure 2.14 Variable-volume flow rate terminal unit

(3) The room thermostat may call for some reheat and this can be ac-
complished by arranging for the controller to produce a proportional
signal, which will operate a motorised valve on the reheat coil.

The unit thus delivers a selected volume flow rate to the zone, even
though the static pressure of the primary conditioned air is varying. It
also produces a variation in energy input, depending on the local need.

An alternative type of VAV unit can be found in buildings having false
ceilings which include linear (or strip) air diffusers. By fitting a room
temperature sensor, connected via relays and motors to a movable plate
contained in the diffuser, the area of diffuser open to the room may be
changed and the volume flow rate altered accordingly. When a central
air conditioning plant is supplying a number of zones each requiring dif-
ferent thermal inputs, it follows that, during the 24 hour cycle, local variations
will affect the volume flow rate and pressure in the main supply duct. To
overcome this, a pressure sensor in the main duct can be used to change
the speed of the main fan (or fans), so saving a considerable amount of
electrical and thermal energy.

For those who wish to investigate the problems associated with the
design and operation of air conditioning installations and equipment, ref-
erence to the CIBSE Guide 1986, section B3, will help them realise the
size of the task involved, together with some of the pitfalls inherent in
the application of air conditioning techniques to the built environment.
Readers should also consult Heating and Air Conditioning of Buildings,
7th edition, by P.L. Martin and D.R. Oughton, which, traditionally and
deservedly, has been the Bible for service engineers since 1936 when it
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was first published and when the first authors were Oscar Faber and
J.R. Kell.

2.19 Effects of Legionella bacteria on the built environment

The second report of the Committee of Enquiry into the outbreak of Le-
gionnaires’ disease in Stafford in April 1985 was presented to Parliament
in 1987. The report specifically excluded domestic premises from its rec-
ommendations because of the lack of evidence of any Legionella out-
breaks therein. The report does suggest, however, that with the new and
improved method of identifying Legionnaires’ disease using monoclonal
antibodies, some association may subsequently be demonstrated.

The types of buildings and systems which are categorised as being at
risk are ‘older’ hotels and health care premises. But following recent
outbreaks, it would be an irresponsible building manager who insisted
that ‘nothing need be done’ to make a building safe for both the occupi-
ers and the general public. The main types of system at risk, taken in
order, are as follows:

(1) conventional calorifiers, poorly maintained, connected in parallel and
not having temperature-averaging pumped circulatory systems;

(2) showers that are used infrequently;

(3) newly tested pipework and systems that have contained water for long
periods before being commissioned;

(4) badly sited ‘fresh’ air intakes, possibly drawing in aerosols from an
adjacent cooling tower;

(5) low domestic hot water outlet temperatures (less than 40°C).

The percentages of Legionella detected in various locations in enclos-
ures [2.4] are: calorifiers 38; showers 28; other hot sources 7.4; cooling
towers 11.3; and all other sources 5.3.

The Stafford report [2.5] draws attention to several Codes of Practice
dealing with Legionella in the built environment. Other useful infor-
mation may be obtained from CIBSE publications TM13 (1991): ‘Mini-
mising the risk of Legionnaires’ disease’ and GN3 (1993): ‘Legionellosis
~ an interpretation of the requirements of the HSC’s Approved Code
of Practice’.

By following up these references, building managers may choose to
follow whichever Code of Practice is deemed to suit their establishment
best and may then start to implement the relevant recommendations. The
author proposes to deal with HMSO Code of Practice entitled The Con-
trol of Legionella in Health Care Premises (January 1990), and will para-
phrase the major recommendations in order that the reader may become
acquainted with the kind of problems that will be faced by surveyors,
designers of services, builders, commissioning engineers and maintenance
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personnel, when they are dealing with the likely effects of the multiplica-
tion of the Legionella bacteria in the built environment.

High concentrations of the bacteria can produce the disease among the
following persons:

(1) those members of the population aged 50 years and over;

(2) male members of the population (who are three times more suscept-
ible than females);

(3) those having existing lung infections, possibly brought on by excessive
smoking;

(4) those whose natural defences have been weakened because of dis-
eases;

(5) those whose natural defence mechanisms have been weakened by
taking immuno suppressant drugs;

(6) those who work in or around an air-conditioned enclosure, where
the services are not designed and maintained to control Legionella
bacteria.

The recommendations contained in the code of practice are aimed at
managers of health care premises, but clearly much of what is suggested
is highly relevant to the design and operation of existing and proposed
buildings outside this sector.

2.19.1 Epidemiology of the bacteria

The bacteria have been found in hot water systems, particularly in showers
and calorifiers and in cooling water systems serving air conditioning plant;
also in whirlpool spas where the water is recirculated and in wall-mounted
humidifiers, which use tap water. The bacteria are transmitted by small
water droplets being carried in the air (aerosols), which can be lodged in
lung tissue by inhalation. Tests carried out in the laboratory indicate that
the multiplication rate of the bacteria is greatest at the temperature of
human blood, that is 37°C. Multiplication stops at 46°C. The bacteria
will survive for only minutes at 60°C and are killed instantaneously at
70°C. Below temperatures of 20°C, the multiplication rate is insignificant,
but the bacteria lie dormant. The risk of infection is influenced by:

(a) the bacteria count;
(b) the rate of respiration; and
(c) the time of exposure.

Hence building managers must aim to control those factors that are within
their purview.

For example, the bacteria count can be controlled by chlorination of
all non-potable supplies, by the prevention of the formation of stagnant
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water in storage tanks and calorifiers and any redundant pipework, by
temperature control, and by water treatment. Control of exposure time of
a person to the bacteria is possible to a very great extent. The normal
exposure to aerosols when taking a shower is about 5 minutes; but for
the air intake to a building drawing in contaminated aerosols from a
poorly maintained cooling tower, the exposure time for the occupants
can be as long as their period of occupancy. It is obvious that careful
siting, or resiting of the air intake relative to any cooling tower outlet, is
of paramount importance.

2.19.2 Avoiding build-up of Legionella bacteria at the design stage

Sizing of cold water storage tanks should be such that no more than 24
hours of storage capacity is provided. The tanks should preferably. be
connected in series, in such a way that each tank can be isolated for
cleaning purposes, without interrupting the supply to the building. Figure
2.15 shows the valving arrangements. The drain valves and vents are
used to empty the pipes when they are not in use. The internal connec-
tions to each tank should be designed so that the stratification of the
water within the tank will be minimised. If storage capacity is to be pro-
vided for future extensions, it should not be currently operable.

2.19.3 Avoiding build-up of Legionella bacteria in an existing
building

It is likely that the tanks will be connected in parallel and, when this is
the case, a check should be made on the rate of fall in level of the free
surface in the tanks taken over a typical diurnal cycle. If too much capa-
city has been provided, it should then be possible to lower the level of
the free surface in each tank, so cutting down the storage capacity. Fig-
ure 2.16 illustrates the suggested method of connection. All storage tanks,
especially those containing potable water, must be insulated and have a
fixed cover. In addition the overflows must be screened and the covers
should be finished with a reflective surface which will help to keep the
tanks cool in summer.

2.19.4 Treatment of hot and cold distribution pipes and ‘dead legs’

All distribution pipes should be insulated. This will ensure that, in sum-
mer, within 2 minutes of opening a tap, the temperature of the water will
be less than 20°C. If cold distribution pipes pass close to hot water pipes,
then suitable insulation or rerouting is desirable. In the past, hot water
dead legs of a length proportional to their diameter have been allowed.
However, in order to avoid the build-up of Legionella bacteria in those
sections of pipe that constitute a dead leg, it is now recommended that
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Normal operation
Pipes shown as full lines:
ball valve A in use
Operation when servicing
Pipes shown as broken lines:
Ball valves A or B in use

Ball valve A

Figure 2.15 Series connection of cold water storage (CWS) tanks to increase

the volume flow rate through each tank

for health premises, a flow and return pipe should be provided up to 300
mm from the discharge point, see figure 2.17. Designers and others should
also note the points which follow:

M

)

3)

The return pipe can be smaller than the flow pipe, as it only needs to
be large enough to supply a mass flow rate of water sufficient to
make good the thermal emission from the two insulated pipes.

The water will arrive at the discharge point from two directions through
two pipes, so that the mass flow rate available for a given head will
be increased.

The pipes should be laid to a gradient of about 1 in 100, rising in the
direction of flow and falling in the return direction. The gradient will
assist air venting and subsequently be useful when draining and disinfec-
ting processes are carried out. Because the domestic hot water is ‘fresh’
(unlike the hot water in a space heating system), it will contain its full
complement of dissolved oxygen and other gases, which will be conti-
nuously liberated in the pipes. These gases will collect at any high point
and progressively block the flow of water. The use of automatic air vents
will alleviate this effect, if they are fitted at the high points of the system.
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Normal operation

Pipes shown as full lines:

valves A and C open, valve B closed
Operation when servicing

Pipes shown as broken lines:

valves A and C closed, valve B open

Figure 2.16° Suggested parallel connections to CWS tanks

(4) In some cases it may not be possible to arrange for thermosiphonic
flow of the hot water to occur and, in these cases, a small circulator
fitted to the flow and return pipes will overcome the problem.

2.19.5 Installation and treatment of calorifiers

Calorifiers, as with cold water storage tanks, should be connected and
operated in series, to ensure a greater mass flow rate of water through
each vessel. The following points should be noted:

(1) All calorifiers should have adequate access for cleaning purposes.

(2) If new vertical calorifiers are to be fitted, then the use of those hav-
ing ends that are concave should be avoided, so that sediment will
not build up in the corners of the lower end, see figure 2.17(a).

(3) Drain valves should be installed at the lowest point of the vessel and
be of such a size that the discharge rate is sufficient to draw out any
sediment that has settled in the bottom of the calorifier. A good guide
is to size the drain valve such that the vessel may be emptied over a
period of between 0.5 to 1 hour. In health premises, it is recom-
mended that the removal of accumulated sludge should be carried
out quarterly, by opening and closing the drain valve during the process,
so that a non-uniform flow regime is set up inside the vessel, to help
in dislodging any remaining pockets of sludge.
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Figure 2.17 (a) Pipework suitable for thermosiphonic flow to furthest outlet.
(b) Pipework requiring a circulator

2.19.6 Effect of vertical temperature gradients in a calorifier

Vertical calorifiers have a vertical temperature gradient of about 40°C
between a maximum temperature of, say, 60°C and a minimum tempera-
ture of 20°C, and it follows that, about half way up the vessel, the tem-
perature can be expected to be of the order of 40°C.

From the information already given, it will be realised that the lower
half of the calorifier presents a suitable environment for the multiplica-
tion of Legionella bacteria. By reducing the vertical temperature gradient,
this situation can be avoided and this is readily accomplished by fitting a
small circulating pump, drawing water from near the top of the vessel
and returning it to a position near to the bottom. When this is done, the
temperature gradient is reduced to about 3° or 4°C; also the volume of
hot water stored is increased and the mean temperature at which the
vessel is operating is raised to approximately 55°C, which tempera-
ture is not conducive to the multiplication of Legionella bacteria. The
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Code of Practice suggests that the mean circulating temperature should
not be less than 50°C.

2.20 Installation and operation of pumps fitted to rising mains
containing hot water

Sometimes these pumps are fitted with a non-return valve to discourage
the movement of water through the pump in the reverse direction when
it is stopped. In general, because of the inherent unreliability of these
valves, the use of a non-return valve is not sufficient to guarantee that
the fluid will not flow in the wrong direction. Note that Water Authori-
ties usually fit two non-return valves in series when they are intending to
prevent the occurrence of reverse flow.

In some organisations, it is common practice to fit duplicate pumps
with change-over valves, so that in the event of either electrical or mech-
anical breakdown, the standby pump may be brought into service and
the duty pump be repaired, without interruption to the domestic hot water
supply. For most installations, however, this extra expense is not justified
and it is usually considered sufficient to have a spare motor and pump
fixed on an adjacent wall so that a relatively swift substitution can be
made. Commonly the duplicate pump is often fitted on a by-pass and, if
the pump is not used regularly, the water in the by-pass will become
stagnant at a temperature that is favourable to the multiplication of the
Legionella bacteria.

If it is considered essential to have an uninterrupted flow of domestic
hot water available at all times and duplicate pumps are deemed to be
justified, then it is sensible to arrange for a double pole time switch to
deactivate the duty pump and activate the standby pump, possibly on a
bi-weekly basis. The author suggests, however, that it might be better in
the long term to operate the standby pump for, say, one day per half
week before returning to the duty pump for the remaining two or three
days. In this way, one can try to ensure that both pumps do not wear out
at the same time.

2.21 Effects of night shutdown

According to the Code of Practice, the activation of a domestic hot water
circulating pump, discharging into a ring main after a 12-hour shutdown,
is. allowable, provided no water is drawn off until the return temperature
from the system reaches 50°C. In addition, the temperature of water issu-
ing from an outlet furthest from the system should be between 50°C and
60°C, within one minute of full flow.
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2.22 Precautions to be taken at the building commissioning stage

These will consist of a process of disinfection using chlorine, and details
of the methods used are given in clause 2032 of the Code of Practice.
Before employing these methods, Contractors are advised to contact the
local Water Authorities and the local Council in order that they may
become acquainted with the rules and regulations regarding the avoid-
ance of back siphonage into the public water supply and also discharge
into foul sewers of treated water.

Those responsible for chlorine dosing should note that chlorine de-
stroys the resin beds of the Zeolite base exchange process used in water
softening, so clearly these beds must be isolated before any chlorine dosing
is begun.

2.23 Use of evaporative cooling towers with air conditioning plant

There are several variations of this type of cooler and three such varia-
tions are shown in figures 2.18(a), (b) and (c). Over the years, these coolers
have proved to be the most cost-effective solution to providing a supply
of cooling water for use in the condensers of refrigerating plant. The
units also take up less space and use less power than other methods of
cooling.

The cooling capabilities rely on a change of phase of some of the
cooling water from liquid to vapour. This change takes the enthalpy of
evaporation from the remaining droplets of water, cooling them in the
process. These cool droplets then gravitate to a sump, from which the
cooled water supply is then circulated through the condenser of the cen-
tral refrigerating plant. The loss of water by evaporation is made up from
a ball valve in the sump. Note that any organic cells and inorganic dis-
solved solids present in the make-up water are not themselves subject to
the process of evaporation so that, as time passes, the total dissolved
solids (TDS) contained in the cooling water increase, as well as the amount
of organic cells.

It is thought that living cells, such as algae and amoeba, may provide
a source of nutrients for the Legionella bacteria. Likewise, the use of
rubber, leather, boss white jointing compound, hemp and some mastics
are known to be nutrients; it is therefore suggested that designers and
building managers should check the lists of preferred materials, as issued
by the local Water Authorities for use in building systems, before con-
tinuing to use traditional materials on site. It should be noted that ferric
oxide sludge is known to be a nutrient ‘par excellence’ for the Legionella
bacteria. Hence the removal of this type of sludge is essential.

The nutrient cells referred to above may be killed using antimicrobial
chemicals, while the concentration of organic substances (TDS) can be
removed by an automatic process of periodic replenishment of the contents
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of the sump of the cooling tower using fresh water. This is referred to as
a ‘bleeding’ process. The Code of Practice gives detailed recommenda-
tions about the frequency and manner in which such cleaning processes
shall be carried out, so that the TDS are never greater than 2000 parts
per million.

Readers should know that Legionella bacteria have been shown to be-
come resistant to a given biocide over a certain time. However, by changing
to a different biocide when this occurs, the bacteria are again killed,
until a new resistance is built up, when a return to the original biocide
again becomes desirable. This process is termed ‘duo chemical’ biocide
treatment.

This particular problem has been solved by a company [2.6] that cur-
rently uses a combination of fine filtering and the continuous application
of ultra-violet light, to kill 99.9% of the bacteria (see figure 2.19). The
function of the 20 micron filter is to remove dirt particles, dissolved sol-
ids and nutrient algae, behind which the Legionella bacteria (size 3 microns)
may be lurking. Part of the filtered water is then irradiated with ultra-
violet light and, over a 24-hour period, the complete contents of the
cooling tower sump will have been circulated at least 14 times, making
the irradiation virtually continuous. The system also incorporates an automatic
backwash for the filter and an automatic ‘bleed’ period, controlled by
sensors that detect the change in electrical conductivity of the water to
keep the dissolved solids to a reasonable level.

Other refinements, such as automatic dosing of the water with scale
inhibitor, together with electromagnetic scale control, are also offered. A
big advantage of the system is that no expensive toxic chemicals are
needed, which also means that there can be no problem in disposing of
the effluent when draining down.

The outlet from any cooling tower will contain saturated air and fine
water droplets (aerosols), which if the cleaning processes mentioned above
and detailed fully in the Code of Practice have been complied with, will
be harmless to humans. The possibility that some ‘drift’ from a poorly
maintained cooling tower may enter an air intake sited close to the cool-
ing unit could be likely, and it is obviously good practice to ensure that
this situation cannot arise by careful placing of the cooling tower outlet
and the fresh air inlet. It should be noted that, in the case of some cooling
towers it was possible to install water droplet eliminators upside down, so
that their performance characteristics were not what the designer intended.

The cooling tower should be placed so that members of the public and
users of adjacent buildings are not subjected to the contents of the ‘drift’
coming from it. However, this suggestion may in many cases prove im-
possible to implement.
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Figure 2.19 System for controlling bacteria using ultra-violet light: (a) back
flushing (bleed) mode; (b) normal operating mode

2.24 Use of other forms of cooling with air conditioning plant

Where new plant is being designed, alternative methods to those of
evaporative cooling may have to be considered.

2.24.1 Replacement option 1

Air-cooled condensing units are available, which take the refrigerant to
be condensed from the central plant and circulate it through a coil over



Air Conditioning 73

which air is blown. This is known as the DX option. If the central plant
is an existing one, using this method will result in the sacrifice of some
refrigerating effect.

2.24.2 Replacement option 2

Water from the condenser of the central refrigeration plant may be circu-
lated through a coil, over which air is blown; these coolers are referred
to as ‘air blast coolers’.

As no change of phase occurs in either replacement option 1 or 2,
both options take up to two to three times more space and use 20-25%
more power than a conventional cooling tower. When contemplating carrying
out changes to an existing system, there are many factors to consider and
clauses 4518-4520 of the Code of Practice will be found to be very
helpful in outlining the points that must be considered before any course
of action is decided.
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3 Collection and Storage of
Energy

3.1 Geothermal energy

In some parts of the earth’s interior, energy is produced from the decay of
the radioactive isotopes of uranium, thorium and potassium. It is known that
energy at a temperature suitable for space heating is to be found in under-
ground reservoirs of hot water (aquifers) and also in hot dry rocks (HDR).

In 1991, in the UK, the Southampton City Council, in conjunction with
the private sector, carried out a district heating project monitored by the
Department of Energy (DOE). In the European Union, ‘Atlases of Sub Surface
Temperatures’ and of ‘Geothermal Resources’ are being compiled. HDR
research is currently progressing near Gothenburg in Sweden, Japan, Los
Alamos in the USA, and at Rosemanowes in Cornwall, the latter using
personnel from the Camborne School of Mines.

In the UK, the research has been investigated, monitored and reported,
by the DOE, who have concluded that to make the production of electri-
cal energy viable, the rock temperature should be in excess of 200°C and
that this would require boreholes to be drilled to depths of up to 6 km in
very hard rocks. It is thought that fissures in the rock can be produced
using either explosives or hydraulic fracturing techniques. Cold water would
then be pumped continuously into the injection borehole in the expecta-
tion that hot water would emerge via the production borehole at the
surface. It would then be passed through heat exchangers and returned to
the underground reservoir. The energy so obtained may be used directly
to supply a district heating scheme, or if it is hot enough, to produce
steam, for use in a turbine powering an electrical generator.

The cost of developing such systems is high and their location is influ-
enced by subterranean geography. It must also be noted that at the time
of writing, in spite of pumping in cold water over a protracted period,
the exit pipe at the Rosemanowes plant has only produced mud, instead
of the hot water expected. It follows that the use of such systems cannot,
at the moment, be regarded as an acceptable option for the provision of
space heating, even in an area close to the source.

74
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3.2 Passive collection of solar energy

This is brought about by designing a building such that whenever insolation
falls upon it, the energy received is made available to the interior primar-
ily by natural means (often using the stack effect), without the use of
pumps or fans (see figures 1.2 and 1.3 in Chapter 1). In the UK, the
Department of Energy has carried out a research and development pro-
gramme dealing with design and field studies, over a range of 40 domes-
tic and other buildings. It also carried out work on computer modelling,
backed up by test cell studies.

3.3 Active collection of solar energy

This phrase is used when purpose-made collectors are utilised and these
may be focusing or non-focusing. The most popular type, which belongs
to the latter category, is the flat plate solar heat collector (fpshc) which is
normally covered with one or two glass or plastic covers, see figure 3.1,

The author has approximately 10 m? of such collectors mounted on his
roof (near Chelmsford, Essex, UK), which provide warm (and sometimes
very hot) water whenever insolation falls upon them. The energy col-
lected is transmitted by thermosiphonic flow to two horizontal hot water
storage cylinders, one direct and the other indirect, both of which are
sited in the loft space. The hot water outlet is then connected in place of
the original cold feed to a third cylinder sited in the linen cupboard. An
electronic logic device is incorporated in the system to prevent reverse
flow occurring from the horizontal cylinders to the collectors when the
sun no longer shines (see figure 3.2). There are times when the two hori-
zontal cylinders contain water that is merely tepid and under such condi-
tions any Legionella bacteria which are present will flourish. However,
this problem is overcome by ensuring that the water in the third and final
cylinder is always heated to a temperature in excess of 70°C (see section
2.19.1).

When fpshc are operated at a mean temperature that is not much greater
than the atmospheric temperature, the energy losses from the collectors
are very low and the thermal efficiency can be as high as 60%, which is
very good news for a man-made appliance. Figure 3.3 shows the typical
thermal performance lines for an fpshc, having two glass covers, and
gives an indication of some possible thermal efficiencies when it is operating
at both high and low temperatures.

In researching the thermal performance of fpshc in the UK (see [3.1]
and [3.2]), the author found it necessary to use a temperature index called
the ‘t value’ (t°C). This is the number of degrees Celsius that the collec-
tor is operating above the ambient temperature, and when using figure
3.3 it will be seen that it does provide an indication of the magnitude of
the losses to be expected for different values of insolation.
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Figure 3.1 Flat plate solar heat collector
The t value (t°C) may be defined as follows:
t, = (t + t)/2 — ¢,

where t; = temperature of water flowing from the collector (°C)
t, = temperature of water returning to the collector (°C)
t, = the ambient temperature (°C).

Further inspection of figure 3.3 will show that when t values are low,
the thermal efficiency of the collector (output/input) is greater than when
the t value is high. It follows that to obtain the highest thermal efficiencies,
fpshc should be designed to operate for most of the time at low t values,
so taking advantage of their thermal characteristics, and when operating
in the UK, fortuitously making the most of the climate.

Because of this characteristic, fhspc may be used to good effect to
warm the water contained in a swimming pool. Commonly such collec-
tors have no glass or any other cover, as they operate most of the time
only just above atmospheric temperature; reference [3.3] gives a method
for determining the size of collector needed to carry out such a task. In
hotter climates it is possible to operate the fpshc, albeit with some loss of
efficiency, at temperatures that are frequently well above that of the at-
mosphere, and under these conditions the collector will provide a good
supply of domestic hot water.
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Figure 3.2 Collection of solar energy for domestic purposes

3.4 Wind and wave energy, conventional hydroelectric dam systems
and the use of tidal flow

The energy obtained from the first three of these sources also originates
from the sun and involves the change of kinetic or potential energy, first
into mechanical work and then into electrical energy, which may then be
used for space heating.

Tidal flow relies on gravitational forces and, with the possible excep-
tion of geothermal energy, all the sources of energy mentioned so far
may be described as being renewable.
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Figure 3.3 Thermal performance curves for an fpshc having two glass covers

3.5 Availability of thermal energy processes

Thermal energy is available from many processes, not all of which are
utilised in the built environment; of the seven processes discussed in this
section, only those listed as items 3, 6 and 7 are currently viable for
space heating purposes.

Item 1: Nuclear fission

This process is used mainly in the production of electrical energy, and
space heating projects in the built environment do not normally utilise
thermal energy from this source.

Item 2: Nuclear fusion

Nuclear fusion is the process believed to take place in the centre of the
sun, which, predictably, produces solar energy. This cannot yet be repli-
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cated continuously by man on earth, but obviously scientists are greatly
intrigued by the phenomenon and developments are awaited.

Item 3: Phase change of substances

The phase change of water from vapour (steam) to liquid is commonly
used in the industrial sector, and the phase change of refrigerants is also
used in refrigerators and heat pumps.

Item 4: Chemical changes

These have been used successfully to store energy in non-cyclic pro-
cesses only.

Item 5: Mechanical work

Mechanical work is not used for space heating purposes. Manufacturers
that test large engines, convert the mechanical work produced by means
of the dynamometers into heat, or use the engines directly to drive elec-
trical generators, which produce energy for subsequent dissipation by resistive
means. Note that all forms of energy are mutually interchangeable, but
there is a fixed rate of exchange and it is found that, according to the
Second Law of Thermodynamics, more energy has to be expended to
obtain mechanical work than to obtain heat; thus it is not a sensible
endeavour to use mechanical work to obtain thermal energy.

Item 6: Resistive effect of electrical current

This relies on the heating effect produced when an electrical current is
passed through an electrical conductor. Its use pre-supposes that one has
access to an electrical distribution system whereby no storage facilities
will be needed and no provision for a flue is necessary. The power is
instantly available at the touch of a switch and it is easy to appreciate
how potentially attractive electricity is as a source of energy. It may be
categorised as a ‘secondary’ source of energy, the implication being that
in order to be obtained, it must first be produced from a ‘primary’ source
of energy. It can of course be produced by using ‘primary’ fuels such as
coal, natural gas and oil, by harnessing the enormous amounts of energy
available in nuclear fuels, or as previously discussed it may be produced
using gravitational effects. Details of the generation, transmission, distri-
bution and emission of electrical power are given in Chapter 6.

Item 7: Combustion of matter

The combustion of matter is the oldest and most common way of ob-
taining thermal energy. The equipment required to ensure the safe burn-
ing of such fuels as cqal, gas and oil is described in Chapter 5. The
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characteristics of the fuels contained in the following list are each dealt
with separately:

(1) biofuels such as straw, wood and gas;
(2) municipal waste;

(3) natural gas;

(4) coal and its man-made by-products;
(5) oil and its various distillates.

3.6 Bio-fuels

These can be in solid, liquid, or gaseous form; they are derived from
organic sources and details of some of these fuels are as follows.

3.6.1 Straw

For straw the energy of combustion is approximately 12 MJ/kg. In the UK
there are plentiful supplies of straw available for burning. At Woburn
Abbey, straw bales are shredded and burnt in purpose-made boilers, the
energy so produced then being used to provide space heating and dom-
estic hot water. The process has been automated but the assembling of
the bales at the place of burning requires considerable work input. It also
remains to be seen whether such appllances can be readily adapted to
comply with the provisions of the Environmental Protection Act 1990.

3.6.2 Wood

The energy of combustion of wood is 15.5 to 24.5 MJ/kg. In the UK, the
rising cost of conventional fuels, coupled with the availability of storm-
produced timber, has revived interest in the use of wood as a fuel. The
Department of Energy has a research and development programme, covering
the growth, harvesting and utilisation of wood, produced using short ro-
tation forestry, on sites in Northern Ireland, Scotland and England. In
rural areas, wood is sometimes used as a fuel in domestic premises, but
it is not in common use for commercial or industrial buildings.

3.6.3 Biogas

The energy of combustion of biogas is 18 MJ/m®. This gas can be ob-
tained from landfill sites where decomposition of organic waste is taking
place. The decomposition occurs in three consecutive stages, but each
stage need not occur at the same time on every part of the site, owing to
the variable nature of the waste.
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Stage 1

Aerobic bacteria which thrive on oxygen contained in pockets of air,
formed when the waste was first laid down, produce carbon dioxide,
water and heat. The bacteria also partially degrade the residual organic
matter.

Stage 2

When the oxygen has been exhausted, anaerobic bacteria which thrive
on carbohydrates start to produce organic acids, hydrogen, nitrogen and
carbon dioxide; this process reaches a production peak between 11 to 40
days after placement of the refuse.

Stage 3

Between 180 to 500 days after placement, a different type of anaerobic
bacteria appear; these thrive on the organic acids and produce methane,
carbon dioxide and water as by-products. Generally, it can be expected
that between one to two years after the tip was laid, the steady produc-
tion of methane and carbon dioxide will have been initiated [3.4].

Computer modelling [3.5] suggests that it is economic to use the first
three years in extracting the gas at maximum output and arranging for
the rest of extraction to be completed within five years. The payback
period is expected to be approximately three years, when dealing with a
tip containing one million tonne of refuse. The study also shows that it is
economical to supply many users with gas when they are situated at a
distance of no more than 2 to 3 km from the tip, but for a distance up to
10 km there should preferably be only one user.

In order to extract the gases from the site, ‘wells’ are sunk with a pitch
of 50 to 100 metres. The wells are then connected to a grid system of
plastic pipes and headers which lead into a filter, before being connected
to the suction side of a compressor. In some sites it is necessary to con-
trol the horizontal movement of gas from the edges (referred to as ‘migra-
tion’), to prevent it becoming an environmental nuisance. In these cases,
horizontal trenches are dug around the site perimeter and filled with gravel.
These are then vented to the atmosphere so that the gases can be burnt
off.

In those landfill sites where gas harvesting does not take place and
where the gases are allowed to escape into the atmosphere, there is ob-
viously a potentially unacceptable environmental hazard. It follows that,
taking up the option to harvest the gas would seem to make good sense,
giving as it does, the bonus of converting a liability into an asset. In the
event, the exercise has proved to be economically viable and in the UK
to date there are at least 16 companies with the technology to produce
the gas from landfill sites. Commonly, the gas has been used as a fuel for
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kilns in brickworks, or as a fuel in boilers. Provided that the corrosive
constituents of the gas are removed, it may also be used in gas turbines
or gas engines, which may power electrical generators. In the UK this
method of using biogas is growing in popularity, as it is easier to ‘export’
electricity over a distance than it is gas. Reference [3.6] gives informa-
tion on the rate of growth of the different methods of utilisation taken
over the years 1986 to 1989.

3.6.4 The storage of gas

Whenever gas for combustion is manufactured locally, it will be found
necessary to find a means of storing it, in order to ensure continuity of
supply to the consumers under all possible demand conditions. When
town gas was used for space heating, it was usually manufactured by the
local gas company and such storage facilities took the form of an in-
verted steel cylinder, closed at the top and mounted with the open end
immersed in water, commonly known as a ‘gasometer’.

With the introduction of natural gas, delivered under pressure from a
national grid, the gas mains themselves provide a large storage volume,
so that storage cylinders are no longer required in large numbers. How-
ever, storage cylinders will be required whenever biogas is harvested.

3.7 Municipal waste

The average net energy of combustion of municipal waste is 8 MJ/kg.
During the decade from 1950 to 1960, this source of energy was used by
some local councils in the UK to provide space heating and domestic hot
water for the buildings sited adjacent to the point of burning. It should
be realised that the cost of energy at that time was much lower than it is
today and, during this period, the incentives to utilise municipal waste as
a source of energy were correspondingly reduced. In the UK, the Bor-
ough Council of East Ham (now Newham) believed that it was more
cost-effective to use the domestic waste to carry out landfill projects so
that the council would have the option of developing such sites in future
years. Accordingly, it (and many other councils), discontinued the use of
its municipal incinerators, in the belief that they were labour-intensive,
space-consuming and generally uneconomic. At that time, possible ef-
fects of air pollution were hardly ever discussed.

In Nottingham, the City Council realised that they had a shortage of
local landfill sites that would be suitable for refuse disposal and in con-
junction with the National Coal Board, it developed sites in the city centre,
incorporating district heating and separate power generation, using energy
obtained from its refuse incinerator. This scheme was taken over by Not-
tinghamshire County Council in 1974 and continues to provide a con-
venient base load for the incinerator which handles approximately 120 000
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tonne/year of refuse from Nottingham City and surrounding areas. Elec-
trostatic filters are used to separate the dust from the flue gases coming
from the furnaces.

The City of Sheffield Cleansing Services Department also uses refuse as
a source of energy for space heating and domestic hot water. Annually,
approximately 130 000 tonne of refuse are incinerated supplying a total
heat load of 30 MW from this source. Two 6 MW gas-fired boilers are
provided for ‘topping-up’ purposes, for possible use during peak load
conditions. An impressive list of buildings is supplied with energy in this
way, including the Town Hall and many other civic buildings, together
with more than 4300 domestic properties.

In 1993 in the UK there were only two other complexes using mass
burn incineration with energy recovery and sale; these were Coventry
and Edmonton. The latter has the largest unit, burning 360 000 tonne/
year of municipal refuse. In 1994, the South East London Combined Heat
and Power plant at Deptford commenced operations. It was designed to
burn 420 000 tonne/year of screened municipal waste, while producing
flue gas emissions that complied with the latest environmental standards.
The plant produces 32 MW of power and enough hot water to heat 7500
homes and four schools in Southwark.

Taken together, the total quantity of refuse dealt with by all five schemes
is approximately 1.2 X 10° tonne/year. This must be compared with an
estimated 30 X 10° tonne/year of refuse for the UK as a whole [3.7].

In the rest of Europe and North America, the practice of mass burn
incineration with energy recovery is very much more common than it is
in the UK, and the latest developments are concentrating on selective
screening of the refuse intake, resulting in more closely controlled oper-
ating conditions, together with enhanced treatment of the flue gases, in-
volving the use of line scrubbers and extra and more effective filtration.
From an environmental viewpoint, clearly such initiatives should be en-
couraged, particularly as the latest European Directive for Municipal Waste
Incineration (New Plant 89/369 EEC) prescribes limits for the emission
and composition of the combustion gases, together with limits for com-
bustion conditions and monitoring requirements.

3.7.1 Refuse derived fuel (RDF)

The energy of combustion of refuse derived fuel is 15.9 MJ/kg. The hand-
ling plant and boilers required for mass burn incineration are large and
specialised. It is possible to produce a refuse derived fuel (RDF), taking
the form of pellets, which can be burnt in conventional smaller boilers
that have been modified to suit the characteristics of the new fuel. The
rate of production of RDF is, at the time of writing, greater than the
demand and it is true to say that much work is being channelled into
developing the different combustion technologies needed, to make the
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fuel an acceptable alternative (or addition) to conventional fuels. Pro-
vided the resulting products of combustion are seen to comply with the
EEC Directive (New Plant 89/369) and provided it is still cost-effective,
its continuing use may be expected.

3.8 Natural gas

The energy of combustion of natural gas is 38.6 MJ/m>. In the UK, natu-
ral gas contains approximately 93% of methane and is made up of a
blend of gases taken from deposits under the North Sea. The supply com-
pany has a statutory obligation to control the magnitude of the energy of
combustion of the gas, within closely defined limits, in order to ensure
that the consumer is at all times paying for a guaranteed amount of en-
ergy. In the UK, natural gas is currently available; it requires no storage
on site, is continuously available and there is no residue after burning.
Special tariffs may sometimes be negotiated if the building is classified as
being ‘large commercial’ or ‘large industrial’. The volume of gas con-
sumed is metered at the intake position, and the connections to the me-
ter for commercial or industrial premises are arranged to have a by-pass
so that maintenance to the meter can be effected without the supply being
discontinued, see figure 3.4.

Gas meters are usually sited in an enclosure which must be perma-
nently ventilated, at both high and low levels. The objects are: (1) to
ensure that a possible gas leak does not have a chance to fill up the
enclosure, with a potentially explosive mixture of gas and oxygen, as this
could be activated by a spark; and (2) to encourage the thermosiphonic
flow of air within the chamber, so helping to keep the materials inside
the gas meter at an equable temperature. Nowadays a filter is fitted in
the main and each appliance has an adjustable constant-pressure governor,
so that diurnal variations in the mains gas pressure do not affect the
performance of any of the equipment.

3.9 Coal

The energy of combustion of coal varies from 21 to 31 MJ/kg with a
mean value of 26 MJ/kg being used for the rating of equipment. Coal,
being a natural product which is mined in different areas, possesses many
different qualities. It is classified initially by a numbered coding system,
given to it by British Coal, the value of which may range from rank 100
to 900. Rank 100 is referred to as a high ranking coal; it contains the
most carbon and is the least volatile. Lower ranking coals contain rela-
tively less carbon, but are more volatile. Table 3.1 gives some of the
properties of the coal associated with its rank. Within each band of rank
numbers, the coals are given a discrete number.

All coals from ranks 100 to 900 are further graded by passing them
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Figure 3.4 Industrial gas meter with by-pass
Table 3.1 Properties of coal associated with its rank
British Coal Net energy of Volatile Use Types
coding combustion content
rank (MJ/kg)
Gravity-fed  Anthracite
100-200 29.75 Low boilers Dry steam coals
Coking steam
coals
Mechanical Bituminous
200-400 29.3 Medium stokers coals
and
pulverised
400-900 26 High fuel

burners
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Table 3.2 Classification and screen size of coals

Name Diameter of hole (mm)
Upper limit Lower limit
Large cobbles >150 75
Cobbles 100-150 50-100
Trebles/large nuts 63-100 38-63
Doubles/nuts 38-63 25-38
Singles 25-38 13-18

Reproduced from CIBSE Guide C, Reference data (1986), by permission of the
Chartered Insitution of Building Services Engineers.

through screens having circular holes of particular sizes. The emerging coal
is then described according to the screen size as illustrated in table 3.2.

There are many derivatives of coal and these include coke and coalite
which, in the UK, are mainly used in the domestic market. A by-product
of coal was town gas, which was formerly produced in the UK for use
both in the home and in industry.

3.9.1 The storage of solid fuel (coal)

Physical handling of the fuel is nowadays considered to be unacceptable,
inconvenient and uneconomic, and it follows that any installation must
be designed to be, as nearly as possible, automatic in operation. The fuel
must generally be off-loaded from a tipper lorry, directly into the coal
bunker. The bunker must be so positioned that the coal can be delivered
automatically to the holding hoppers, mounted over each boiler, so that
each automatic stoker will then feed the fuel on to each grate. At the end
of the burning process, the remaining clinker and ash must also be re-
moved (if possible automatically), cooled and delivered to a holding hopper,
ready for batch delivery, to an ash disposal vehicle.

The fuel and ash can be moved through the plant pneumatically (a
noisy process), or by means of bucket elevators, belt conveyors, vibratory
conveyors or rotating helical screws operating in ducts, or by means of
the force of gravity. A good deal of specialised knowledge and forward
planning are required, together with considerable capital expenditure, to
bring such projects to a successful conclusion.

Architects, engineers and builders, who may be faced with first design-
ing and then constructing such a scheme, will find a large amount of
useful information is contained in the publications of the British Coal
Technical Service, and also the CIBSE Guide, section B13-4. British Coal’s
publication Industrial Solid Fuel Plant details the precautions to be taken
with regard to the possible occurrence of spontaneous combustion in storage
silos and in stockpiles, as well as much more information on the design
parameters dealing with the smooth functioning of the complete plant.
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Table 3.3 Classification and properties of oils

Distillate oil Residual oils

Grade C2 Grade D Grade E Grade F Grade G
(Kerosine) (Gas oil) (Light (Medium (Heavy
fuel oil) fuel oil) fuel oil)

Kinematic

viscosity (cSt

[centistokes] 1-2 6
mm?/s) at 38°C

Kinematic
viscosity 12.5 30 70
(cSt) at 82°C

Energy of
combustion 43.6 42.7 41.0 40.5 40.0
(M)/kg)

Minimum

storage 7 20 32
temperature

Q)

Minimum

handling 7 27 38
temperature

(°C)

3.10 Oil, its residuals and distillates

In the UK, oil is produced in various grades to specifications prescribed
by the relevant British Standards. There are six recognised grades of fuel
and some of the properties of each of five of the most common are shown
in table 3.3.

3.10.1 Distillate fuel graded C1 (paraffin)

This grade of oil is not shown in table 3.3. It is mainly used for the space
heating of single rooms in dwelling houses, greenhouses, some garages
and light industrial buildings, using free standing portable appliances.
Normally no flue is provided, so that the products of combustion are
allowed to remain in the space being heated, which means that all the
energy of combustion of the fuel is available for heating purposes.
When any fuel is used in this way, fixed ventilation must be provided
to sustain life. The products of combustion of paraffin contain a high
proportion of water vapour, which will condense on any cold surface and
mould will appear in a badly ventilated room. As a rough guide, one part
by volume of paraffin vapour will produce the same volume of water
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vapour, and the same is true of natural gas. The humid conditions so

produced are sometimes regarded by gardeners as being beneficial to
plant life.

3.10.2 Distillate fuel graded C2 (kerosene)

This is the least viscous of the oils shown in table 3.3. In the built environ-
ment, it is mainly used for space heating in domestic premises, using
vaporising, or pressure jet burners, fitted to a flued boiler. In the UK, the
oil can be stored out of doors in an uninsulated tank and will present no
flow problems in the coldest of winters, as its freezing point is —40°C.
This grade of oil is also used as an aviation fuel and in the event of an
oil crisis its price is likely to change more than those of other fuels.

3.10.3 Distillate fuel graded class D (gas oil)

This is referred to as diesel oil, after Dr Rudolf Diesel, who developed
the early air blast oil injection engines. It can be used for space heating,
or as a fuel in modern diesel engines. In the UK it carries a tax when
used in vehicles using the public highway, but currently no tax is levied
when it is used for space heating or for agricultural purposes. When this
oil is supplied for use as a heating oil, it is coloured with a red dye, so
that Customs and Excise Officers may detect when such oil is being used
for transport purposes on the public highway. At the time of going to
press, value added tax is now being collected from all fuels used for
space heating and cooking in the UK.

Gas oil for heating is used in domestic, light commercial and industrial
premises, and in pressure jet type burners, fitted to flued boilers. It can
be stored in an uninsulated and sheltered tank, sited outside the prop-
erty. Crystals of naphtha start to form when the temperature is within the
band —4°C to —7°C, making the oil appear cloudy — this is referred to as
the ‘cloud point’. These crystals block the small holes in the oil filter,
causing the flow of oil to the burner to become restricted and eventually
to stop. An almost instant solution is to place a 60 W bulb under the
bow! of the filter.

3.10.4 Residual or blended fuel graded class E (light fuel oil)

This is used in commercial and light industrial premises for space heating
purposes. It is generally introduced to a flued combustion chamber using
pressure jet burners, at which point it is heated to approximately 60°C.
The oil may be stored in an uninsulated tank, sited inside the building,
where its temperature should not be allowed to fall below 7°C, as pump-
ing the oil will then become difficult. In the UK this grade of oil is not
used in such large quantities as it once was. The blending process is
known to be critical and over a protracted period, it is possible for it to
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Table 3.4 Storage and handling conditions for different grades of oil

Class of oil Suitable storage conditions Special handling details
in the UK
C2 External tank uninsulated None
D External tank in sheltered None
position
E (a) External tank insulated, Heat oil at burner
oil temperature must be to approximately
greater than 7°C 60°C

(b) Internal tank uninsulated
(c) Tank in chamber
underground uninsulated,
temperature 10°C
all year round

F Internal tank insulated Trace heat oil
pipes from tank,
heat oil at burner

G Internal tank insulated Trace heat oil
pipes from tank,
heat oil at burner,
heat oil in tank

stratify in the storage tank, forming crystals of naptha.

Table 3.4 gives a summary of the storage possibilities for each of the
commonly used heating oils in the UK, together with details of any special
handling requirements. Details of a typical underground oil storage tank
suitable for use with class D or E oil are shown in figure 3.5. Before
drawing up a specification for such a tank, BS 799 Oil burning equip-
ment should be consulted. It must be noted that a more cost-effective
way to store oil underground is to introduce it into an externally tanked
and oil-proofed concrete storage chamber; these can be provided by spe-
cialist companies. Plastic storage tanks made from polyethylene, which
has been stabilised against the action of ultra-violet light, are now avail-
able and one manufacturer gives a 10 year guarantee with this product
when sited above ground.

When oil is being introduced into any container, the displaced air must
be allowed to escape to the atmosphere by means of a vent pipe. In
order to avoid subjecting the underground tank to excessive hydraulic
pressure in the event of overfilling, this pipe should terminate no more
than one metre above ground level. Note that if the vent pipe is full of
oil and is as high as the bottom of the tank is deep, the pressure at the
lowest part of the tank will be twice the normal maximum working pres-
sure and the tank will be under extra pressure, until the oil in the vent
pipe has fallen to a point that is level with the top of the tank.



Jaquieyd pue xyue} a8esols |10 punoidiepun  §'g dandiy

ov
\")
0oV
ov v O
A o' v%%" 0oy
) o
D @ @) ) v
U} & Yo
dwng ‘zz a 9
13ppe| S8V *L.Z — - - -
uO01eSUAPUOD 10} JBINQO ‘02 . |
ajpesd o3 Bupyoed yos 61 FDED “u_u
aAjea Bunejos! jan} 0 "81 esnoy sej08
39Uy 10 "LL : V| e eBesois 1o ! o,
Y2189 pajesado-plous|os YIM aAjBA 8Ji4 9L \ o v

8A|BA UINAI-UON ‘Gl
Jue} JO 'JOA X L°| e} 01 Y ‘pl
Buuapuai yjooud 10 ‘€L
adid moyy j10 1ang 'ZL 1
adid uinyal 1o |an4 ‘L L
sdens Buuoyoue yuey ‘oL
adid dig "6
aA uedQ 8
j8uIged 8IN08S L
18|uUl Weo4 ‘9
edid 14 110 'S

aBneB sjualuod |jaq pauimdn v %.'II  —

Jaquieyd ‘U0 0} SSINY °E
(suayimiq) Bunjuey -z
MOoQ|e 19jul weod ‘L

Aay

Building Services

90




Collection and Storage of Energy 91

When oil is being delivered, there should be a reliable means of deter-
mining the moment when the flow of oil should be stopped. An elegantly
simple solution to this problem is to fit a whistle to the vent pipe inside
the tank. The frequency of sound emitted by the whistle will change as
the level of oil in the tank approaches the top, and the whistle will cease
to sound as soon as the oil level rises above it, so giving the operative
sufficient time to close the delivery valve.

There are many different ways of determining the amount of oil con-
tained in a tank. Some readers will be familiar with the hypsometer method,
whereby a connection, with a low-level cock, is made at the top and
bottom of the tank and the two connections are then joined using a trans-
parent plastic tube placed inside a guard. This method is obviously vul-
nerable to mechanical damage, with the subsequent loss of the contents
of the tank followed by the extra cost of any environmental disturbance
due to the ‘spillage. However, this drawback may be overcome by arrang-
ing for the cock to remain in the closed position, except when it is necessary
to obtain an indication of the depth of oil in the tank. When class D oil
(gas oil) is being used, the inside of the plastic tube becomes stained and
in order for the user to be able to detect the oil level with any certainty,
the tube should be renewed at approximately two-yearly intervals.

Another way of obtaining an indication of the quantity of oil in a tank
is to use the so-called ‘cat and mouse’ method. It this case, a float resting
on the surface of the oil is linked by means of a Bowden cable running
over a pulley to an indicator, which moves up or down a vertical scale,
indicating the volumetric contents of the tank. This system, though in-

herently simple, is known to be unreliable and problems can arise from
the following causes:

(1) mechanical damage may occur to the float when the tank is being
filled;

(2) the slider may be prevented from moving by friction or even by the
careless placing of rubbish;

(3) the rate at which the float and the indicator moves is imperceptible
over a short period, so that instant remote testing can be inaccurate.

A reliable way of determining the contents of the tank is to use the
‘upturned bell’ method, where the pressure of the air contained in the
bell is measured, using a pressure gauge having its scale calibrated in
litres, see figure 3.5. More elegantly, a series of electrodes of increasing
length, which can be mounted in a circle, may be fitted inside the tank,
such that when connected electrically, they give an indication in a series
of finite steps of the variation in depth of the oil.

All tanks containing heating oil have a fire valve fitted in the outlet
pipe, and in the event of the occurrence of an unscheduled fire, this
valve cuts off the flow of oil to the burners. In the past, the mass on the
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lever arm of the valve was held in the up (open) position, using a Bowden
cable (or catenary wire) running over pulleys and connecting in series a
number of fusible links, each one of which was mounted above a burner.
A fusible link consists of two metal plates (usually brass) which have
been soft soldered together using a low melting point solder. This system
has sometimes been found to be unsatisfactory, owing to the supporting
wire becoming less flexible and kinking, so that subsequent operation of
the arm of the valve proved to be unpredictable.

A more reliable method is to arrange to support the mass on the arm of
the valve, by means of a solenoid-operated catch. The electrical current
operating the solenoid may then be passed through a circuit containing
any number of fusible links. If, owing to excessive local heating, the
solder on any link melts, the current will be interrupted, de-energising
the solenoid and releasing the catch supporting the mass. The subsequent
motion of the arm will then close the valve. Note also that bi-metallic
links may be used in place of fusible links.

Whenever oil-fired heating boilers are installed on the roof of a build-
ing, it is common practice to provide a small-capacity oil service supply
tank sited adjacent to the burners, and the size of this tank must be
decided in conjunction with the local fire prevention officer. One of his
job functions is to limit the size of any future conflagration and, in pur-
suance of this, it is likely that he will supply details of the type of fire
valve required, together with information on the possible provision of
pipes designed to carry foam directly to the source of a fire. Chapter 8
gives more details.

3.10.5 Residual or blended fuel graded class F (medium fuel oil)

This is used in larger sized industrial premises, where the space heating
and process heating loads are high. When the oil becomes more dense
and more viscous, it becomes difficult to pump from the storage tanks to
the place of burning and, in order to make the operation possible, heat
must be supplied to the circulation pipes. Accordingly, in an attempt to
make this grade of oil more attractive to a potential customer, the oil
companies have made the cost of class F oil lower than those of the
grades previously mentioned.

3.10.6 Residual or blended fuel graded class G (hea&y fuel oil)

This is the cheapest of all the grades and it also has the lowest energy of
combustion of 40 MJ/kg. It has a relative density (to that of water) of 0.97
which is greater than all the other oils, so that a greater mass of oil is
obtained per litre delivered. The use of this oil is usually reserved for
large hospitals and large industrial complexes, where the high rate of oil
consumption can justify the extra energy required to handle this highly
viscous fuel. The oil has to be heated in an insulated tank and in the
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supply pipes, and this energy is often provided by circulating steam, or
hot water, through heating coils immersed in the tank. Alternatively, elec-
trically operated immersion heaters may be fitted to a large-diameter draw-
off tube located inside the tank. A practical drawback to the use of class
G oil becomes apparent whenever maintenance work is done that neces-
sitates breaking into the oil pipes or tanks. In the experience of the author,
when this occurs the subsequent spread of black filth can be extensive.
Operators of such plant will know that the subsequent dirty state of the
various surfaces in the boiler house and the poor state of morale of the
workforce do not figure in the cost of the oil. Hence, it is not unknown
for cost-conscious managers and accountants to be able to demonstrate
that the use of such oil is indeed cost-effective, albeit extremely messy in
the event of spillage.

3.10.7 Two other gaseous distillates of oil: butane and propane

These may conveniently be stored in liquefied form, under pressure, in
cylinders which are then inappropriately referred to as ‘gas bottles’. Liquid
butane under pressure in such a cylinder has a boiling point close to
0°C, so that whenever the cylinder outlet valve is opened, in an ambient
temperature just greater than 0°C, the liquid contained in the pressurised
cylinder starts to boil and the butane gas given off may then be burnt in
the appliance to which it is connected. The cost of these gases is slightly
greater than the oil from which they are derived, which difference re-
flects the cost of supplying the bottles and of compressing the gas. Bu-
tane gas has an energy of combustion of 113 MJ/m? or 46 Mj/kg.

Propane has a boiling point of —45°C and can therefore be used under
any conditions where the ambient temperature is greater than —45°C. It
has an energy of combustion of 86 MJ/m? or 46.5 MJ/kg. These gases are
widely used as a portable energy source by the building industry (‘the
ubiquitous red cylinder’). In the absence of a supply of natural gas, pro-
pane is frequently used in catering and domestic premises for cooking
and space heating purposes. In these cases, pressurised cylindrical stor-
age containers are installed on site and these may be hired from the
supply company and sited in an open space, to assist dispersal in the
event of a gas leak occurring. Both gases are heavier than air, so that any
unventilated enclosure will fill up with gas from the bottom. It follows
that in any fand-based project involving the use of butane or propane, it
is essential that adequate fixed ventilation shall be provided at low level
and no leakage of unburnt gas from the system can be tolerated. When
such a system is installed in a boat, such low-level ventilation is obvi-
ously not possible. In the event of a gas leak and in the absence of a
flameproof electrically operated gas pump, to discharge the gas over-
board, a baling-out operation of the gas will be needed.
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3.11 Choice of fuel

If a client does not have a preference for a given fuel and a choice of
fuel is available, the decision as to which of these fuels may be most
suitable depends on many factors, and a suggested list of questions that
may usefully be posed follows:

(1) Is the proposed development near to an oil refinery, a natural gas
pipeline, or a coalmine and, if the plant is a large one, can prefer-
ential tariffs be negotiated?

(2) Could a dual, or triple, fuel energy converter be used,

(a) to take full advantage of any price changes in alternative fuels?
or (b) to minimise the effect of future industrial disputes in any sector,
which may result in the cessation of supplies?

(3) If the fuel chosen requires storage, is there a convenient place for
this on site?

(4) If solid fuel is chosen, what arrangements should be made for its
storage and handling and the eventual disposal of the ash?

(5) Should the process be manual or automatic?

) If the process is to be automatic, what are the likely architectural
requirements?

(7) Is skilled labour likely to be available from the client’'s employees,
for the purposes of controlling and maintaining the plant?

(8) If the building is an existing one, are the flueing arrangements satis-
factory for the proposed fuel?

(9) If the building is proposed, what effect does the third (1981) edition
of the Clean Air Acts Memorandum on Chimney Heights (HMSO,
London) have on the height of any proposed chimney for the fuel
chosen? This memorandum specifies the increase in chimney height
needed to limit local pollution due to sulphur dioxide (SO,), de-
pending on the type of locality in which the plant is situated. Read-
ers should note that natural gas contains less sulphur than coal and
oil, so that SO, emissions are inherently less.

(10) Will the percentage emission of flue gases from the chosen fuel satisfy
the current EC directives?

For readers who require technical data to enable them to size a flue
and specify the material from which it is to be constructed, reference
should be made to the 1986 CIBSE Guide, section B13. Note also that
any recommendations subsequently made must also comply with those
made by the local Public Health Department and, in the near future, also
those of the appropriate European Council.
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4 Release and Absorption of
Energy

4.1 Equipment required to burn natural gas

A typical pipework layout, with controls, for a gas-fired atmospheric burner
attached to a domestic boiler is shown in figure 4.1. An atmospheric
burner is one in which the air for combustion is naturally aspirated and
the pressure inside the boiler combustion chamber is just below atmos-
pheric. The inclusion of a draught diverter in the flueway just above the
boiler ensures that any change in the draught pressure which may occur
will not materially alter the pressure inside the boiler combustion chamber,
or (in the case of an increase in pressure) extinguish the main flame and/
or the pilot light.

The lighting sequence for the burner shown in figure 4.1 is as follows:

(1) Close the burner cock, open the main gas valve and the pilot cock.

(2) Press and hold the manual override button on SV1 to open the valve,
allowing gas to flow to the pilot jet.

(3) Continue to hold the override button and ignite the pilot either by
means of a lighted taper or by pressing the spring loaded ‘ignite but-
ton’ (this button applies a sudden force to a quartz crystal, which
then produces a high voltage across the tips of two electrodes, so
generating a spark).

(4) Continue holding the override button until the heat from the pilot
light has generated sufficient voltage across the ends of the thermo-
couple to hold SV1 and SV2 open electrically, at which time it may
then be released. If the pilot light is extinguished, return to step (2).

(5) Open the burner gas cock, when the main burner will light.

The reader should note that if the pilot light is extinguished for any reason,
both SV1 and SV2 will be de-energised, so preventing the flow of gas to
the main and pilot burners. Subsequent normal operation of the main
burner may be controlled by switching SV2 on or off, by means of a
suitably placed room thermostat.

96
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Figure 4.1 Controls and connections for a gas-fired atmospheric burner

The diameter of the gas pipe supplying the main burner for use in
industrial or commercial premises is of necessity larger than that used on
a domestic boiler, so that the diameter of the solenoid valve in such a
pipe would also be large and the valve correspondingly more expensive.
This problem may be overcome if the apparatus for the control of such
boilers is arranged as shown in figure 4.2. It will also be seen that a flame
detector is fitted, which is sensitive to ultra-violet light (UVL) because the
light emitted from a natural gas flame contains a large proportion of UVL.

When the frost thermostat is not calling for heat, it will be in the closed
position and when this is the case, closure of any one or all of the SV
valves 2, 3, 4 and 5 will produce a build-up of pressure to occur on the
top side of the diaphragm of the on/off gas controller, causing the gas to
the main burner to be shut off. Conversely, gas will be admitted to the
main burner whenever the pressure on top of the diaphragm is less than
that below it, and this can be caused by the frost thermostat opening
and/or by all of the SV valves 2, 3, 4 and 5 being open at the same time.

An alternative type of burner is the pressurised burner in which the air
required for combustion is provided by a forced draught fan. In this case
the combustion chamber operates at a pressure that is slightly above at-
mospheric pressure and no draught diverter is required to be fitted into
the flueway. These burners are noisy and it follows that they should only
be sited where the generation of such noise can be easily attenuated or
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tolerated. They are usually fitted to large boilers and, in order to avoid
the production of high thermal stresses in the heat exchange surfaces on
start up and shut down, the control equipment is designed to limit the
flow rate of the gas to the burner, to one-third of full output for a prede-
termined period before proceeding to maximum flow rate. On shut-down,
this sequence occurs in reverse.

In conditions where the gas pressure is too low to supply the amount
of energy required for the connected load, it is sometimes possible (with
the permission of British Gas) to install a gas pressure booster in the form
of a compressor, the suction side of which draws gas from the main,
raising it to the required pressure. Generally the pressure of the gas in
the main, though varying, is greater than the pressure required at the
appliance and it is the purpose of a gas governor to deliver gas to the
burner at a lower, but constant pressure. One form of governor consists
of a flexible diaphragm, the centre of which carries a valve. The dia-
phragm can be loaded with lead weights, the value of which can be
varied to suit the local pressure conditions in the main and at the appliance.

It should be noted that any organisation supplying gas to a group of
buildings must ensure that the pressure of the gas in the mains is at all
times above atmospheric, so that there is never a possibility of air enter-
ing the gas supply pipe to form a mixture, which, if by chance it were
ignited, might explode, resulting in possible loss of life and possible wide-
spread damage.

4.2 Equipment required to burn coal

This may broadly be classified into equipment which produces overfeed
combustion and that which produces underfeed combustion. The latter is
most likely to succeed in burning the coal with the minimum production
of smoke, because the primary air, reaching the burning zone, does so
through fuel which is as yet unburnt, so ensuring that it has its normal
complement of oxygen necessary for the combustion process.

In overfeed combustion the primary air will already have passed through
the burning zone, giving up most of its oxygen before coming into contact
with unburnt fuel. In both types of stoker it is important to arrange an
adequate supply of secondary air to provide enough oxygen to complete
the combustion process. Any unburnt carbon is deposited as soot and the
lighter particles are carried away in the flue gases with visible results
which are no longer environmentally acceptable. When carbon is par-
tially burnt to carbon monoxide, 10 MJ/kg of energy are released: how-
ever, when the same amount of carbon is completely burnt to carbon
dioxide, 34 MJ)/kg of energy become available. Clearly, it is wasteful to
have incomplete combustion occurring anywhere in the combustion cham-
ber, and in practice arrangements are made to provide excess air to that
theoretically required in order to complete the burning process.
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It should be noted, however, that air contains approximately 79% by
volume of nitrogen which, being an inert gas, does not contribute to the
combustion process. It absorbs energy from the combustion chamber and
other gases, until it reaches the temperature of its surroundings and is
ultimately discharged to the flue. For this reason, the provision of too
much excess air can be wasteful because of the presence of large vol-
umes of nitrogen.

In practice, the percentage by volume of carbon dioxide in the flue
gases affords a useful guide to the amount of excess air that has been
provided, and ‘target’ values of carbon dioxide vary from 10% to 13%
depending on the type of fuel being used. With bituminous coal, the
percentage of carbon dioxide in the flue gases becomes less, as excess
air is increased beyond the amount required for theoretically correct com-
bustion. Useful information on the determination of the magnitude of heat
losses to the flue using the Siegert formula may be found in BS 845.

Research in progress at the Coal Research Establishment at Chelten-
ham, UK, aims at reducing the emission of oxides of nitrogen in flue
gases obtained from pulverised fuel burners, by supplying air for com-
bustion in varying amounts at separate stages of combustion. As a result
of the research, low nitrogen oxide burners are being fitted to twelve of
the largest power stations in the UK using pulverised fuel. For further
information on the various types of coal burners, the reader is referred to
references [4.1] and [4.2].

4.2.1 Pot burner

Nowadays, coal and its derivatives are nearly always burnt using auto-
matic stoking equipment, and the arrangement shown in figure 4.3 de-
picts a pot type burner fuelled directly from the storage bunker by means
of two helical screw conveyors. Where the boiler is sited directly under-
neath the fuel store, it may be more convenient to use only one con-
veyor and to introduce the fuel to the system by means of a gravity fed
hopper, and this arrangement is shown by broken lines in the figure.

The screw is liable to incur damage if it receives a loose metal object
and, to avoid such an occurrence, the drive mechanism may include a
clutch, or a ‘shear pin’, through which all the power must be transmitted.
In determining the size of the shear pin, a certain amount of trial and
error is sometimes required, particularly when the machinery has just
been commissioned and is not as free running as might be wished. Dur-
ing this period, it is wise to ensure that spare shear pins (possibly of
varying sizes) are available, in order that the stoking process will con-
tinue without too many unscheduled interruptions.

Reference to figure 4.3 will show that combustion takes place in the
body of the coal as it is impelled upwards. The sides of the refractory
container (retort) are kept cool by arranging for the primary air needed
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Figure 4.4 The magazine fed burner

for combustion to pass through peripheral slots in its circumference, so
cooling it and at the same time preheating the air. This type of burner
functions satisfactorily on doubles or singles, having rank numbers 200,
201 and 600 to 900, and it may be fitted to boilers of up to 1.75 MW.
The ash, in the form of large pieces of fused clinker, is removed manu-
ally. In some boilers, the process has been automated by providing a
reciprocating grate, placed to one side of the pot burner, through which
the broken clinker can pass into a collector, where a helical screw then
removes it to a waiting bin for disposal.

4.2.2 Magazine fed burner

This system is shown in figure 4.4 and relies on the coal self-feeding
from a loaded hopper on to a grate. The rate of combustion is controlled
by the operation of a forced draught fan, actuated by a thermostat. The
resulting ash and clinker are then ejected by means of a ram, which
travels across the grate, moving the spent fuel into the ash container.
Systems of this type are to be found in both domestic and commercial
situations, having outputs ranging from 26 to 600 kW. They must be
operated with coal having a low volatile content so that there is little
likelihood of the fire spreading upwards into the unburnt fuel in the magazine
(or hopper). The preferred fuel is anthracite.
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4.2.3 Coking stoker

This type of stoker is shown in figure 4.5. The coal is contained in a
hopper and falls, under the action of gravity, into a divider having a
reciprocating ram (or pusher), which forces the coal into the hottest part
of the furnace and on to the top coking plate. At this stage some of the
volatiles are given off and burnt, so starting the process of turning the
coal into coke. During the next forward stroke of the ram, fresh fuel
displaces the previous charge, moving part of it on to a bottom coking
plate, where it continues to give off volatiles that burn on the underside
of the fuel bed. The remaining fuel is pushed into the established fire bed
where it forms a ‘wedge’ of coal, which then burns on the top and bot-
tom sides of the wedge.

Subsequent movement of the whole burning mass further into the com-
bustion chamber is accomplished by moving all the firebars together in
this direction. The motion is carried out using cams placed so that con-
tinued rotation then retracts groups of single firebars until all the bars are
again fully retracted. The burning fuel, which is now changing into ash,
is eventually pushed over the end of the grate on subsequent forward
strokes of the ram. An induced draught fan is required to sustain a high
rate of combustion. This type of stoker is usually fitted to shell boilers
and small watertube boilers having ratings up to 4.5 MW, and the type
of fuel used can be doubles, singles or smalls.

4.2.4 Chain grate stoker

Figure 4.6 shows the stoker, which relies on a gravity fed hopper dis-
charging fuel on to a slowly moving endless grate, which eventually dis-
charges the spent fuel on to the ash removal conveyor. The depth of the
firebed is controlled by the vertical position of the entry gate and, in
common with the coking stoker, the fuel entering the combustion chamber
does so underneath a refractory arch, which radiates energy on to the
coal. At this point the volatiles are given off and burnt, and the coal
starts to change into coke, burning from the top of the grate. A forced
draught fan is provided and the speed of the grate can be infinitely vari-
able, or be driven by a fixed-speed motor operated by a time switch. The
preferred coal is singles and washed or untreated smalls having a rank
that is not strongly caking. The chain grate stoker may be fitted to shell
and watertube boilers up to 80 MW.

4.2.5 Travelling grate stoker

This stoker operates on the same principle as the chain grate stoker but is
used for larger thermal loads. The difference between the two stokers lies
in the way in which the movement of the grate is obtained. The grate
bars of the travelling grate stoker are moved by having their ends fixed to



Building Services

104

|esodsip ysy

1015 Supjod ay) Sy aundiy

NONONOSONONONIOIONINIONNNNNNNNANY

'\
..
] {
v
0 sdnoib uy
N UMEIPIIM 318

1
sieq aANneuId)
sieq a1esb ayduiny ’ q 3l 1V

Aouanbauy pue
a)04)s 9jqeriep

sajeld 6upod

jeny Buluing

jenjuinqun =
B m
) uoniubi teng
lequeydo jueipey */47 mv V,V &

GORSNQUIo)




105

Release and Absorption of Energy

19y01s aesd ureyd syl 9'y 3indiy

\m\\\\\\\m\\\\\\\mﬁ%

19[ul Iy

N - saje|d |
" aje|d ou_:o_ Je Aewnd \ t&m:ww I ;

Yy Bl

P 8jeub uleyo
poads-ejqeliepn

ary Butding S3EOA ||4\.

‘_mnEc__o :o._m:o_u_:m::u_umx /v
uonsnqwo) AN /\Q

T

ajeb jany ajqeisnipy



106 Building Services

two endless chains, one on each side of the boiler. Different types of
grate bars are needed for different fuels, and it is important that the manu-
facturer is informed of the choice of fuel at a sufficiently early stage in
the design. The preferred fuel is smalls.

4.2.6 Sprinkler stoker

Early versions of this system were developed to mimic the way in which
manual stoking of the highest standards was intended to be performed.
The perfect stoker, using his physical dexterity, would always be expected
to deliver the fuel evenly along the full length of the grate, thus ensuring
that all the combustion space was used. This ideal was approached by
arranging for the fuel to fall under the action of gravity, from a hopper
on to a rotating drum, when it was given sufficient impetus to be thrown
along the whole length of the fixed grate.

Modern versions of this system rely on the coal being pulverised and
introduced into the combustion space pneumatically, either through a
vertical tube positioned over the centre of the combustion chamber, or
through a horizontal tube fitted at the front of the boiler, see figure 4.7.
This latter system can be retrofitted to an existing boiler, and all boilers
fired in this way have secondary air for combustion introduced at the
front and the larger plant also makes use of an additional secondary air
supply provided at the rear of the combustion space.

In this system the mass of coal being burnt at any one time is smaller
than in other types of boilers, so the response to changes in load are very
much improved, making the burner in this respect on a par with oil and
gas. In both cases, grit arresters are fitted and the reclaimed partially
burnt fuel is then reintroduced into the combustion chamber. Sprirkler
stokers are used on boilers having an output ranging from 600 kW to 8.8
MW and the fuel used is bituminous singles. The ash that is formed can
be removed either automatically or manually, the task requiring a few
minutes every 6 to 8 hours.

4.2.7 Use of a fluidised bed as a coal burner

Fluidised beds were initially developed to function as conveyors of granular
and powdered materials. The material, originally at rest in a sloping, enclosed
longitudinal conveyor, was blown upwards by air, which was introduced
from the underside of the conveyor along its length. The material became
airborne and the stream of air then transported the particles in the direc-
tion required.

When the fluidised bed is utilised as a combustor, it consists typically
of a bed of sand 150 to 250 mm deep, which, when air is introduced
from the underside of the container, causes the bed to rise to approxi-
mately twice its original depth. By pre-warming the space above the bed
to a temperature between 500°C and 600°C using gas or oil burners, and
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then introducing coal, the operating temperature of the bed rises to be-
tween 800°C and 950°C. The distribution of temperature in the depth of
the bed and above it is uniform, making heat transfer conditions excel-
lent, and coils are fitted in these positions.

Very large boilers can be fitted with fluidised beds 1 metre in depth
and requiring a vertical space above the bed of between 3 and 4 metres
to complete combustion. These are referred to as ‘deep beds’ and they
will burn low grade fuels. It is also possible to include some limestone in
the material of the bed, which, when it combines with the sulphur in the
fuel, reduces the acidic nature of the flue gases. The rate at which energy
can be transferred from a fluidised bed is very high and this results in
boiler sizes being smaller than those of the more conventional types.
Figure 4.8 illustrates a fluidised bed having heat exchange surfaces above
and below it.

At the time of writing, research was being carried out by the British
Coal Research Establishment into the use of fluidised combustors em-
ployed as gasifiers and energy converters, used in conjunction with a gas
turbine and compressor generating set and a steam turbine generating
set. The thermodynamic cycle used is referred to as the ‘topping cycle’
and it operates using a pressurised fluidised bed combustor (PFBC), which
may be coupled to an atmospheric pressure-circulating fluidised bed com-
bustor to burn the char.

The name of the cycle comes from the act of removing fuel gas from
the pressurised gasifier at the ‘top’ of the cycle, before introducing it via
a cleaner to the combustor of a gas turbine. When dealing with a gener-
ating plant using pulverised fuel having a capacity of 350 MW, it is ex-
pected that the use of the topping cycle will produce a 20% reduction in
the cost of generating electricity, a 20% reduction in carbon dioxide pro-
duction, low emissions of sulphur and nitrogen oxides, and a low capital
cost [4.3].

4.3 Equipment required to burn oil

The equipment used to burn oil depends on the grade of oil being burnt
and it is categorised below.

4.3.1 Oil-fired burners: the pressure jet type

For the range of boilers from 10 kW to 2.5 MW the use of the pressure
jet type of burner is common. This unit uses a gear pump to force oil
through a suitably sized orifice into the combustion chamber. The oil is
split up into tiny droplets, each of which presents a relatively large sur-
face area to the surrounding air, so assisting combustion. The air necess-
ary for combustion is introduced by means of a cross-flow fan, and the
motor driving this fan also drives the oil gear pump. Each unit has an
electronic controller which is designed to ‘fail safe’ under all possible
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Figure 4.8 Fluidised bed combustion chamber

operating conditions. A typical arrangement of the fan and controls for a
domestic burner are shown in figure 4.9, and the starting sequence is as
follows:

(1) The electrodes spark for about 20 s before the motor driving the fan
and gear pump is energised.

(2) The oil is ignited.

(3) The electrodes continue to spark for a further 20 s in case initial ‘flame-
out’ occurs; the presence or absence of a flame is detected using a
photo-electric cell and if the flame is not detected after the second
period of 20 s, the electrodes will spark again to ignite the oil and the
system will spark intermittently over a period of 10 s in an attempt to
establish the flame before finally proceeding to ‘lock-out’.
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(4) The controller then indicates by means of a light that this condition has
been reached and will not allow another automatic restart until a period
of 1 to 2 minutes has elapsed, so giving time for unbumt fuel to be
cleared by natural draught from the combustion chamber; the restart
button, when pressed, then allows the starting sequence to be repeated.

When commissioning an oil burner, adjustments have to be made to
regulate the quantity of air for combustion, so that the oxygen content of
the flue gases is approximately between 6.5% and 7.5% by volume and
the carbon dioxide content is between 10% and 12% by volume. Such
limits ensure that all the carbon in the fuel is burnt completely to carbon
dioxide, so causing the minimum of soot formation. In the absence of a
flue gas testing kit, the air register can be set temporarily so that the
observed colour of the oil flame approaches white from a bright orange.
When the flame is dark orange, combustion is incomplete and soot will
be deposited on the surrounding surfaces.
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In the case of new equipment, it can be assumed that the oil burner
will have been assembled in the factory so that only the air register will
require adjustment in order to ensure the best combustion conditions. If
however, the various settings have been altered, the subsequent setting
up of the burner so that it will ignite reliably can be frustrating and time-
consuming. Some of the variables affecting this process are:

(1) grade of oil;

(2) oil pressure at the orifice;

(3) presence of air and/or water in the oil supply pipe;

(4) size, type and cleanliness of the orifice and its filter;

(5) position of the flame ring relative to the orifice, and the position of
the orifice relative to the end of the air draught tube;

(6) concentricity of the burner and flame tube in the air draught tube;

(7) magnitude of the flue draught and the setting of the air register;

(8) position and cleanliness of the electrodes.

4.3.2 Rotary cup burners

For the range of burners from 150 kW to 5 MW, two kinds of rotary cup
units are available.

Type (a)

Air under pressure is directed on to a vaned rotor on the centre-line of
which a frustum of a cone is mounted, see figure 4.10. Qil is introduced
through the hollow shaft of the rotor and moved by centrifugal force to
the large diameter of the cone, where it is mixed with the air emerging
from an annulus, formed by the inside of the draught tube and the out-
side of the cone. This ring of air, having passed through the vaned rotor,
serves to split the stream of oil into tiny droplets, which are readily burnt
in the combustion chamber. The air required to drive the rotor represents
approximately 20% of that needed for combustion; the remaining 80% is
supplied by means of a separate fan. It should be noted that if the volume
flow rate of the air falls below the design value, the rate of spin of the
rotor will fall and a ‘blow back’ may occur, as a result of which flames
from the burning oil will emerge from the front of the boiler.

Type (b)

In this version the spinning cup is motor driven and the air supplied for
mixing comes from a fan powered by the same motor. With this arrange-
ment the operation of the unit is more reliable and has a lower fire risk.
Larger burners are usually ignited from a gas flame which itself is ignited
by means of a spark from electrodes.
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Figure 4.10 Rotary cup burner type (a)

4.4 Equipment required to absorb energy

Thermal energy absorbing appliances, colloquially known as boilers, al-
most invariably use water as the working substance. Those boilers used
in the built environment are made of cast iron or steel, and the various
types can be divided broadly into five categories.

4.4.1 Cast iron sectional boiler (up to 1 MW)

This type of boiler, shown in figure 4.11, is constructed of a number of
separate sections made of nickel cast iron. The addition of nickel to the
iron casting process makes the material of the sections tougher, and this
means that they are more able to withstand any sudden mechanical shocks,
which could occur during or after assembly. Each section when cast and
machined can be connected to other sections to produce a boiler suit-
able for a given output. Traditionally when coke (a by-product of coal)
was used as a fuel, the maximum number of sections was limited to
about 13 — this being the maximum length of boiler that it was thought
could be stoked efficiently by hand.

Whenever a conversion from manually stoked solid fuel to gas or oil
was carried out on an existing cast iron sectional boiler, it was found
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that the temperature inside the boiler changed very quickly after initia-
tion of the flame and sometimes leaks developed between the sections,
caused by thermal stresses producing expansion and contraction owing
to the normal on/off cycling of the burner. This fault was more likely to
occur in boilers having a number of sections greater than ten, so that it
was not considered good practice to convert boilers having more than
ten sections to an ‘automatic’ fuel.

Earlier, cast iron solid fuel boilers were mounted on a layer of insulat-
ing bricks, surrounded by engineering bricks so that the large amount of
energy being radiated downwards from the underside of the grate could
be reflected back into the combustion space, so avoiding damage to the
floor. Cast iron boilers manufactured for use with an automatic solid fuel
burner, or oil and gas burners, now have waterways which completely
surround the furnace so that generally it is no longer necessary to insu-
late the plinth on which the boiler stands.

This type of boiler is generally suitable for use where the head of water
above it is no greater than 40 metres. In an open vented system (one in
which at some point the pipework is open to the atmosphere), this is
equivalent to a building height of about 13 storeys. However, some boilers
can be specially designed to withstand heads of water greater than 40 m.

It is interesting to note that if the boiler is sited on the roof of a build-
ing (rather than, say, in the basement), this will cause the internal water
pressure in the boiler to be lower, so that the possible safe operating
temperature of the water will also be lower. This means that the amount
of energy carried by 1 kg .of water is less. It follows that for a given
thermal output, the mass flow rate of the circulating water must be greater,
resulting in the expenditure of more energy in pumping. However, the
act of siting the boiler on the roof will save the significant cost of a
chimney being constructed for the full height of the building.

When determining the pressure at the base of a column of fluid, the
following equation applies:

P=hXpXg
where P = pressure in Pascal (Pa) or (N/m?)

h = head of fluid in m

p = density of the fluid (kg/m?®)

g = acceleration due to the earth’s gravitational field (gravity), 9.81
(m/s?).

4.4.2 Steel shell boiler (100 kW to 3.5 MW)

The development of this type of boiler was helped considerably by the
advent of reliable welding and testing techniques, both of which may
now be done automatically, making it possible to fabricate a complete
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unit of a size to suit the required output, see figure 4.12. Mild steel can
be used because rusting will only occur on the water side when oxygen
is available. In this case the source of oxygen is the water and because
the same water is circulated continuously, any oxygen present initially
will, after a finite time, be converted to ferric oxide and no further rust-
ing will then take place. In hard water regions, if fresh water is intro-
duced, scale will be deposited on the heating surfaces of the boiler and
more rusting will occur. It is for these reasons that it is not good practice
to fit a domestic hot water tap to the hot water output side of a boiler.

Whenever any fuel containing sulphur is used, it is possible for cor-
rosion to occur on the combustion side of the mild steel shell and this is
called ‘thermal corrosion’. This will occur if the minimum temperature of
the water inside the boiler falls below about 60°C. If as a result of local
cooling the flue gas temperature comes within the range 140°C to 115°C,
then the dew point of the sulphur compounds may be reached and sul-
phuric acid will be condensed on the surface of the steel, resulting in the
occurrence of thermal corrosion in the locality of the cooled area. This
type of corrosion can occur when the burner is either on or off. It can be
kept to a minimum by setting the boiler controls so that the lowest boiler
temperature is normally above 60°C.

The temperature control of most domestic heating systems relies upon
the adjustment of the boiler thermostat, so that under normal operating
conditions, the boiler will be operating for long periods at water tem-
peratures very much lower than 60°C. For systems operating in this way,
a life expectancy for any mild steel boiler of anything over 5 or 6 years
would be a bonus and it is for this reason that some manufacturers of
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domestic boilers construct the combustion chambers from cast iron or
stainless steel. For householders having a mild steel boiler who want to
make it last a little longer, it is necessary for them to resist the tempta-
tion to control the temperature of the emitters by adjusting the boiler
thermostat to such a low temperature that conditions conducive to the
onset of thermal corrosion apply. One solution to this problem is to set
the boiler thermostat to 80°C and to control the temperature of the emit-
ters using a by-pass and a motorised mixing valve controlled by a compen-
sator unit. The compensatory control system is discussed in Chapter 6.
Steel boilers are lighter than the equivalent sized cast iron boilers and,
unlike boilers using cast iron sections, will not normally fracture if the
water contained in them freezes. Steel shell boilers can also withstand a
greater head of water than sectional cast iron boilers. The thermal ca-
pacity of steel boilers is less than cast iron sectional boilers, so that re-
sponse times are shorter and on/off losses (cycling losses) are correspondingly
reduced. They can be fuelled automatically by solid fuel, oil or gas.

4.4.3 Electrode boiler (up to 3.1 MW)

The electrode boiler is a special-purpose energy converter and absorber
based on the shell boiler. Unlike other boilers, it does not require a flue
or a burner as it relies on the heating effect of an alternating electric
current when it is passed through water. Readers should note that if direct
current was used, electrolysis of the water would occur and hydrogen
and oxygen bubbles would be produced. The use of alternating current
prevents such formations occurring. The addition of sodium carbonate or
sodium sulphite to water makes it more resistive to an electric current,
which increases the power dissipated (the FR effect), resulting in more
heat being released. The boiler can be used with water or steam as the
working substance, see figures 4.13(a) and (b), but different controlling
methods are employed depending on which phase of the water substance
is being used.

Control method when water is used as the working substance

The magnitude of the flow of current between the electrodes is proportional
to their submerged surface area and as the heat released is proportional
to the square of the current (the resistance being largely constant), the
thermal output can be controlled by automatically varying the vertical
position of the porcelain insulators. When the boiler is cold, the insulat-
ing cover is at the lowest point, so that an initially low starting current
occurs (a useful characteristic for direct on-line switching). The insulating
shield is then raised until it is in the position indicated by broken lines in
figure 4.13(a) (the highest point), which is the position for normal operation.
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Figure 4.13 (a) Electrode boiler using water as the working substance.

Control method when steam is used as the working substance

In this case, when the boiler is cold it contains air and water up to the
level A, as shown in figure 4.13(b). By raising the water level to B as
shown, all of the surface area of the electrodes is brought into contact
with the water, maximum current flows and maximum heat output is
obtained. The steam generated mixes with the air, and the free surface of
the water gradually falls, so reducing the value of the current, this action
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Figure 4.13 (b) Electrode boiler using steam as the working substance

making the boiler inherently safe. By changing the mass of water inside
the shell of the boiler, the pressure and mass flow rate of the steam can
be controlled.

Electrode boilers producing steam are to be found in centralised air
conditioning units (mainly in health care premises) and also in the pro-
cess industries. Many are used even when peak rate electricity tariffs are
in force and they provide steam locally, at the point of production, for a
finite period. This can sometimes be shown to be more economical than
the use of a central .steam generating plant, which may have relatively
high thermal transmission losses over an extended period.

In order to ensure that the heat exchange surfaces of the boiler do not
become encrusted with scale, making them less efficient, a water treat-
ment plant must be available to remove the hardness salts in the feed
water. The blowdown valves shown in figures 4.13(a) and (b) are opened
from time to time, in order to remove an accumulation of dissolved solids,
which are precipitated by the water softening and heating processes.
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4.4.4 Fire tube boiler (1 to 10 MW)

For larger thermal outputs, a steel shell boiler is provided with banks of
fire tubes containing hot gases on the inside and water on the outside.
They are produced in horizontal or vertical form and are constructed so
that the flue gases traverse the length of the boiler either two or three
times and are then referred to as two or three pass boilers. Figure 4.14
shows a three-pass horizontal shell type ‘wet back’ fire tube boiler. The
term ‘wet back’ refers to the cross-over duct for the combustion gases at
the rear of the boiler being surrounded by water. The term ‘dry back’ is
used to describe the combustion cross-over duct when it contains tubes
having either water or steam inside them. When steam is contained in
the tubes, it becomes superheated.

The fuel used can be solid, liquid or gaseous and, with the expenditure
of some extra capital, it is sometimes possible to change over to an alter-
native fuel or fuels, if any one becomes cheaper or more readily avail-
able. This and other types of boiler are produced by some manufacturers
as a ‘packaged’ unit, which implies that the boiler has been factory tested
and comes complete with an integrated electronic control system. The
‘Marske’ fire tube boiler, having an output of approximately 18 MW, has
been developed in order to take advantage of recent developments in
fluidised bed techniques.

In an attempt to attract new orders and to keep ahead of their competi-
tors, boiler manufacturers are continuously engaging in development work
and currently the main thrust of this is in the field of solid-state elec-
tronic controls, using more and more elegant purpose-designed ‘chips’.
The use of such high technology is a bonus when all systems are ‘go’,
but the author suggests that simple DIY back-up systems should also be
incorporated so that in the event of the automatic control system mal-
functioning, maintenance personnel can ensure continued operation, be
it only on a temporary basis.

4.4.5 Water tube boiler (500 kW to 10 MW and upwards)

As the name suggests, this type of boiler consists of tubes containing
water and/or steam on the inside, with burning gases in banks that may
have any convenient configuration to suit the shape of the boiler and the
type of firing required. The output may be hot water under pressure and/
or superheated steam (the latter being steam that is not in contact with
water and has reached a temperature above the saturation temperature
corresponding to the local pressure). These boilers are reserved for the
largest thermal loads and, because the diameters of the water tubes are
small, it is possible to operate the boiler at much higher pressures than
would be possible with a steel shell boiler. When steam is used as the
working substance, the higher pressures and temperatures that are pro-
duced enable the steam to be used to drive a turbine or a reciprocating
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engine, either of which may be coupled to an electrical generator. Some
of the smaller water tube boilers are of the packaged variety, but larger
boilers are the result of individual design and are often purpose built to
the requirements of the client.

4.5 Flueing arrangements and emissions

All boilers, except electrode boilers, require a system that will continu-
ously remove the products of combustion from the combustion chamber,
so that the burning process can continue. In the past it was considered
acceptable, in the case of installations having several boilers, to collect
the gases from each boiler and direct them into a common duct, running
at an angle of just a few degrees above the horizontal and joining into
the base of a common vertical chimney. This is no longer considered
acceptable, as under low load conditions, the efflux velocity of the flue
gases from the top of the chimney will be too low. In addition, if the
boilers employ forced draught fans, flue gases from the duty boilers will
find their way into the boiler house, via the common flueway connec-
tions. Better practice is to ensure that each boiler is connected to an
individual stack, normally contained in a common envelope, and figure
4.15 illustrates four possible types of construction.

The recommended velocity of efflux of gases from the top of the chimney
for natural draught boilers is 6 m/s. This velocity is sufficient to prevent:

(@) down-washing of flue gases on the outside of the chimney, on the
leaward side;

(b) passage of cold outside air down the inside of the chimney, so cool-
ing the upper section.

Frequently the diameter at the top of the chimney is reduced by using a
nozzle, in order to ensure that the efflux velocity is increased at the
point of exit.

It is essential that chimneys are insulated sufficiently to make sure that
the temperature of the gases does not fall within the range 115°C to
140°C, when the dew point (condensation point) of sulphur dioxide is
reached and sticky acid smuts form. These adhere loosely to the lining of
the chimney, until a subsequent increase in the volume flow rate of the
flue gases dislodges them, producing an obvious effect on the surround-
ings. Note that the use of draught stabilisers which reduce the magnitude
of the draught in the chimney by allowing relatively cool air into the
system, may also have the effect of helping to cool the gases down to the
dew point temperature.

The production of acid rain which is precipitated upon the lakes and
forests of surrounding areas is currently a matter of much concern. It is
suggested that it is a simplistic solution to raise the height of a chimney
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Figure 4.15 Arrangements for multiple flues

so that, in the event, acid rain falls not on the surrounding areas but
on distant parts. Current technology has been developed to remove
the sulphur compounds from the flue gases of power stations, by
desulphurisation at a cost of approximately £250 million per power sta-
tion. The by-products of the washing processes are sulphuric acid and
gypsum, which are both useful commodities, but may eventually be pro-
duced in excessive quantities.

Other compounds that contribute to acid rain come from the oxides of
nitrogen and are designated as NO,. They are formed from the nitrogen
present in both the fuel and the air used for combustion. When natural
gas is burnt, the main constituent of the NO, compounds formed in the
combustion chamber is nitric oxide (NO); this quickly combines with the
oxygen in the atmosphere to form nitrogen dioxide (NO,), which then
reacts with other compounds to form nitric acid (HNO,). From 1992 on-
wards, a great deal of confidential experimental work was carried out on
combustion and flame chemistry, so that the manufacturers of combus-
tion equipment would be able to produce ‘low NO,’ combustion chambers.
A European limit for NO, compounds of 250 mg/kWh for boilers of 70
kW and below has been proposed. The relevant Technical Committees
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are TC 57 and TC 109. Research work was also being done by BSRIA on
the characteristics of NO, and carbon monoxide (CO) emissions from
boilers. In 1992, tests had shown that the levels of CO are highest for
those boilers having the lowest NO, values, and a report is available
from BSRIA, see also [4.4]).

.As already mentioned, the sulphur content of natural gas is negligible
when compared with that of coal (1.0 to 1.9% by weight) and oil (0.2 to
4.5% by weight), and a switch to the use of natural gas in power stations
(provided the price is realistic) would be an obvious step in the search to
reduce sulphur compounds in the flue gases (and the upper atmosphere).
For many years, coal has been the fuel from which the greatest propor-
tion of the electrical energy produced in the UK has been obtained. In
1991, about 75% of the electrical energy generated by National Power
and Powergen was derived from coal [4.5] but this proportion has sub-
sequently diminished. British Coal was obviously keen to maintain its
share of the market, and several interesting new techniques for
desulphurisation have been tried and subsequently implemented. In large
conventional boilers and those using fluidised beds, burning pulverised
coal, lime is added at the point of burning in order to make the flue
gases less acid.

4.5.1 Use of the condensing boiler

An interesting development in the search for greater thermal efficiency
from boilers burning natural gas is to insert one or two non-corrosive
heat exchangers (depending on the size of the boiler) into the gas stream
at the exit from the boiler. This has the effect of cooling the gases from
about 300°C to 40°C, a temperature which is below both the acid and
water dew points. Gas boilers that have these extra heat exchangers fit-
ted are referred to as ‘condensing boilers’ and the resulting effects of the
acidic products so formed are acceptable, provided a suitable non-corro-
sive drain system is fitted. Because the flue gas is at a very much lower
temperature, the stack effect is much reduced and the gases have to be
removed by a fan.

At this point, it is apposite to introduce a note of caution about the
way in which condensing boilers might be employed: this is concerned
with the likely operating temperatures of the heat exchanger in the flueway
of the condensing boiler. In order for the heat exchanger to function,
there must always be a temperature difference between the fluids on either
side of the heat transfer surface. If the leaving flue gas temperature is
40°C and the temperature difference across the surface at this point is 5
K, it follows that the temperature of the water returning to the boiler
from the heating load must not be greater than 35°C in order to take full
advantage of the conditions available. When this is so, it is claimed by
the manufacturers that the thermal efficiency of the boiler will be ap-
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proximately 94%. Lower return temperatures from the plant may produce
even higher efficiencies.

If the heating system supplies embedded coils and panels, it is likely
that return water temperatures of 40°C will occur. However, if the system
supplies conventional radiators, sized to operate (when at full output)
with a flow temperature of 70°C and a return temperature of 60°C, it
follows that, in this case, a proportion of the extra condensing heat ex-
changer surface provided in the boiler will not be contributing fully and
the thermal efficiency of the boiler will be enhanced, but by a smaller
amount than might be expected. Hence in order to take full advantage of
the condensing heat exchanger surface, the temperature of the return must
be around 35°C.

4.5.2 Use of nuclear energy to limit noxious emissions

It is tempting to propose that more power stations should be nuclear
powered so that the emissions of sulphur compounds, nitrogen oxides
and carbon dioxide will be further reduced — the latter being a contribu-
tor to the greenhouse effect. Opponents of the use of thermo-nuclear
power will affirm that possible accidental emissions of a radioactive na-
ture together with the continuing accumulation of radioactive waste mili-
tate against such a choice. It is vital that the radioactive waste so produced
is satisfactorily disposed of deep underground in granite bearing rocks or
deep under the sea bed.

4.5.3 Use of the balanced flue

This device originated in the gas industry and was the result of attempts
to ensure stable (that is, balanced) pressure conditions inside the com-
bustion space of gas-fired boilers. The likelihood of ‘flame out’ occur-
ring, owing to the incidence of random down-draughts, would clearly be
reduced if the pressures of the combustion air and the flue gases were at
all times equal. Figure 4.16 shows a balanced flue fitted to a gas ap-
pliance and it will be appreciated that because both inlet and outlet ori-
fices are positioned at the same place, there is unlikely to be any large
difference in pressure between the two gas streams. However, an obvious
exception to this will arise if the common inlet/outlet is positioned close
to a windy corner of a building, where violent gusts of wind sometimes
occur.

The use of a balanced flue on any gas-fired or oil-fired boiler having
up to 60 kW heat input provides much more flexibility in the positioning
of such appliances, but installers must be careful to take note of the
recommendations made by the manufacturers and British Gas, of those
places where it would be inadvisable to fit such a flue, see [4.6]. The
document gives details of the Gas Regulations, together with information
on ventilation and combustion, as well as a list of minimum distances
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permissible for the fitting of a balanced flue, from open windows, gutters
and plastic soil pipes and the corners of a building, together with infor-
mation on the method of sleeving and of fireproofing the short stub duct
when it has to pass through combustible materials. The discharge of un-
diluted combustion gases on to a public walkway is not allowed, and
any gas-fired water heater fitted to a shower room, bathroom or garage
must be of the room sealed type.

In those cases where a suitable outside wall is available to site the flue
outlet, but where it is at an angle to, and no more than 2 metres from
the appliance, it is possible to fit an extended angled flueway. In such
cases it is necessary to use an extractor fan to discharge the combustion
gases, and this arrangement is referred to as ‘fan assisted’. Note also that
where an existing conventional flue is available that is not large enough
to deal with the flue gases from a proposed new appliance, it is usually
possible to install an induced draught fan to overcome the difficulty.

4.5.4 Use of the SE-duct

The problem of providing flueways to a multiplicity of appliances burn-
ing natural gas, as in a large block of flats, may conveniently be dealt
with by providing a single vertical flueway, usually made of refractory
insulated concrete. If the gas appliances are ‘room sealed’, that is the air
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for combustion and the flue gases are kept separate from the rooms in
which the appliances are fixed, then a SE-duct (the SE is pronounced
‘see’) may be built in to the structure. The prefix ‘SE’ stands for the former
South East (gas) Region where the idea was first developed. Figure 4.17
shows three ways in which air may be introduced at the bottom of the
SE-duct.

Note that all balanced flue appliances are room sealed, but that not all
room sealed appliances have balanced flues. A room sealed unit may
have an inlet for combustion air that is drawing air from a second space,
while discharging the flue gases to a third space.

The size of the SE-duct must be sufficient to allow for the products of
combustion to be diluted to such an extent that when all the units are in
operation, the carbon dioxide content in the duct at the uppermost ap-
pliance is no more than 2% by volume. In the SE-duct system it is likely
that quite different pressures will exist at the air inlet at the bottom of the
building and at the flue outlet on the roof, owing to the variable effects
of the wind and also the stack effect. If it is considerd likely that the
local wind conditions might be too extreme to use a SE-duct, or if it is
not possible (perhaps in a retrofit) to provide for an air inlet at low level,
then the U-duct may be used.

4.5.5 Use of the U-duct

In the case of a U-duct, both the air for combustion and the flue gases
are respectively taken in and exhausted through the same terminal sited
on the roof, see figure 4.18(a). The system behaves as a balanced flue,
ensuring the differential pressure between the inlet and outlet of all ap-
pliances remains constant. This system does, however, require a greater
flue area than the SE-duct.

4.5.6 Use of the shunt-duct

When the appliances used are not of the room sealed type, a ‘shunt-duct/
may be used, see figure 4.18(b), and this particular arrangement requires
less space inside the building than the other forms of common duct. The
manufacture and supply of complete flue units for all the aforementioned
types of duct, together with flues suitable for use in timber framed build-
ings, are undertaken by specialist companies.

4.5.7 Use of flue gas dilution techniques

In installations where a gas appliance has to be fitted at low level and
where, in addition, it is considered not to be practical to install a flue
perhaps extending for the full height of the building, the problem of dis-
posing of the products of combustion can be overcome by arranging for
their dilution in the ratio of 14:1. In this way the carbon dioxide content
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of the gases is reduced to less than 1% by volume, when they may safely
be discharged at low level to the surroundings, and their presence will
not be apparent.

One way of accomplishing this is to use a bifurcated fan (sometimes
called a split fan), in which one duct containing outside air and another
containing flue gases are connected together into the eye of the fan, where
they are then mixed and propelled through a third duct to the atmos-
phere. The use of a bifurcated fan makes it possible to fix the motor
driving the fan in the cooler ambient air, where the hot and potentially
corrosive gases cannot harm it. Some local authorities stipulate that a
standby fan shall be fitted, which will automatically be energised if the
duty fan stops turning. If the standby fan also fails, the appliance must
then be shut down by the control system. Another way of carrying out
the necessary dilution is to fit an axial flow fan in a duct, which is jointly
connected to the outside air and to the flue outlet from the unit.

4.5.8 Supply of air for combustion and ventilation

It is important that all burners are provided with a continous supply of
fresh air in order that the oxidation process may be successfully com-
pleted. When a sleeping family competes with a burner for a supply of
oxygen, the family will lose and be asphyxiated. It is therefore of para-
mount importance that the designer/installer of any heating system in-
volving the use of a burner ensures that the supply of air for combustion
and ventilation is sufficient and will be unhindered at all times.

Flueless appliances should only be used in an enclosure that has at
least one opening window, together with multiple fixed air openings, both
at high and at low level. The aggregate free area of the grilles is to be as
specified by the makers of the heating appliance.

For intermediate sized burners having a conventional flue, the determi-
nation of a suitable free area of grille suitable for combustion and venti-
lation has in the past been obtained by some designers by multiplying
the area of the flue by 3. However, for such an important consideration
it is always best to abide by the recommendations given in approved
document ] (1990 edition) of the Building Regulations 1985, and also as
given by the manufacturers of the appliance, which should be checked
against the details given in BS 5440 Code of Practice for flues and air
supply for gas appliances of rated input not exceeding 60 kW. Part 2:
1976 Air supply. Another obvious and fruitful source of information is
British Gas.

For larger burners (45 kW to 6.0 MW) having a conventional flue, the
CIBSE Guide, section B13, gives many design details to enable sufficient
air both for combustion and ventilation to be ‘built in’ to any system.



130 Building Services

References

4.1. National Coal Board/British Coal. Details of Industrial Solid Fuel Plant. Tech-
nical literature, 1965-95. Past public<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>