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Air Conditioning

David Chadderton’s Air Conditioning is the complete introduction and reference guide for students and
practitioners of air conditioning design, installation and maintenance. The scientific principles involved are
introduced with the help of case studies and exercises, and downloadable spreadsheets help you work
through important calculations.

New chapters on peak summertime air temperature in buildings without cooling systems, air duct acoustic
calculations and air conditioning system cost enhance the usefulness to design engineers. Case studies
are created from real life data, including PROBE post-occupancy reports, relating all of the theoretical
explanations to current practice. Trends and recent applications in lowering energy use by air conditioning
are also addressed, keeping the reader informed of the latest sustainable air conditioning technologies.
Over 75 multiple choice questions will help the reader check on their progress.

Covering both tropical and temperate climates, this is the ideal book for those learning about the basic
principles of air conditioning, seeking to understand the latest technological developments, or maintaining
a successful heating, ventilation and air conditioning (HVAC) practice anywhere in the world.

David V. Chadderton is a retired consulting engineer in Victoria, Australia. He was formerly the Principal
Lecturer in Building Services Engineering at Solent University and was a Senior Lecturer at Oxford Brookes
University.
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Preface

Air Conditioning: A practical introduction, third edition, is a textbook for undergraduate courses in Building
Services and Environmental Engineering, Mechanical Engineering, BTEC Continuing Education Diploma,
Higher National Diploma and Certificate courses in Building Services Engineering, and will be of considerable
help on National Certificate and Diploma programmes. Heating, ventilating and air conditioning is studied on
undergraduate, CED, HND and HNC courses in Architecture, Building, Engineering, Building Management
and Building Surveying and is part of all courses relevant to the design, construction and use of bulldings

The design of air conditioning systems involves considerable calculation work which 1s now mainly carried
out with dedicated computer software; however, the engineering principles need to be fully comprehended
in the first instance, as are the basic formulae and calculation techniques utilised. The reader is actively
involved in the use of such data by the use of worked examples and copious exercises and design
assignments.

Downloadable spreadsheets are used extensively throughout the book for assessing many cases of peak
summertime temperature in buildings including The Shard at London Bridge, White Tower, London Olympic
Velodrome, Solent University, Queens Building and housing.

Workbook cases are provided for assessment of peak design cooling load and annual energy for locations
around the world. A downloadable file of climate data for many world locations demonstrates plant loads
relative to London for quick assessment; these are mainly tropical and Middle East climates as these produce
multiples of the London load for the same building, for example The Shard, if it were transplanted elsewhere
and among other similar towers. The Bourke Street case study is the result of an energy audit and discusses
annual energy use. User data can easily be added to any workbook.

Downloadable workbooks are provided for air duct sizing, fan and system integration, air duct acoustic
design, plus other assignment applications. All formulae used are explained with copious examples. The
reader i1s encouraged to make full use of spreadsheets as a valuable aid to understanding without the need
to be taught how to use dedicated software. The spreadsheets provided can be edited and easily enlarged
or applied to other cases with the sample data provided or with the user’'s own data.

Each chapter is introduced with lists of learning objectives and the key terms and concepts employed.

Approximate samples of data from the Chartered Institution of Building Services Engineers (CIBSE) Guides
are given for educational purposes in order to demonstrate how the reader can utilise the reference data
when undertaking professional contracts. Sample data alone will be insufficient for anything other than
the set exercises and only the most recent CIBSE Guide edition is to be used more widely.

The stages of an air conditioning design process are clearly stated and are often given in the form of
numbered lists. This approach may assist the testing of competences.



Preface  xvii

The vitally important tasks of commissioning and maintaining systems are explained and provided with
extensive checklists so the reader understands that design calculation alone will not make a mechanical and
electrical system function or keep running by itself; pressing the on switch is not enough. Testing air leakage
Is explained and this is applied to measure building air tightness in the CIBSE PROBE reports mentioned.

Mass cooling has been used widely in recent years to reduce plant cooling toad and these opportunities
are discussed. Standard topics of system types, psychrometrics, load calculation, air duct and pipe sizing,
fan and system interaction, control methodology and thermal storage are extensively explained with many
worked examples and assignments.

A control system worked example explains how a building management system is integrated with the
HVAC system in very practical terms.

Air duct acoustics are adequately explained with worked examples and a workbook to enable the HVAC
designer to make an assessment of plant sounds transferring to the occupied rooms — a difficult subject
made easy.

Finding the project sale price for an air conditioning system is made easier with the aid of a downloadable
workbook with sample prices and an established method of costing. The user can input current data from
Spon's Mechanical and Electrical Services Price Book, or other source of pricing information, and calculate
costs, change margins and discounts and find out what to charge the main contractor or final customer
for the project.

A question bank is provided in addition to extensive questions in each chapter to provide self-learning
material and resources for assignments and tests. In my experience in-class quizzes always proved popular
and educational and this question bank makes the task of creating a University Challenge match very easy
and enjoyable. Happy quizzing!
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Introduction

This third edition of Air Conditioning: A practical introduction expands this established textbook into new
areas. Air duct acoustics, peak summertime temperature in low energy buildings, case studies, mass cooling
and energy demand around the world, extensive use of downloadable workbooks, building management
services integration and air conditioning project selling price all add to the previously established essential
topics of study for all students of air conditioning.



Units and constants

Systeme International units are used throughout. Table 0.1 shows the basic and derived units amtt thair
symbols and common equalities.

Table 0.1 Si units

Quantity Unit Symbol Equality
Mass kilogramme kg
tonne tonne 1 tonne = 103 kg
Length metre m
Area square metre  m?
Volume litre I
cubic metre m? 1m3 =10}
Time second s
hour h 1h=3600s
Energy joule J 1J=1Nm
Force newton N TN=1 kg‘;m
1kg=9807N
Power watt W Tw=11{
1w=1Nm
1TW=1VA
Pressure pascal Pa 1Pa=1 HN7

1 bar (b) = 105%“7

1b=10>mb
1 b =100 kPa
Frequency hertz Hz 1Hz=1 QQCE

Temperature Celsius °C
Kelvin K K=°C+ 273




Electrical units

Units and constants

Quantity

Unit Symbol Equality
Resistance ohm, Q R
Potential volt Vv
v
Current ampere / f= R
Table 0.2 Multiples and sub-multiples
Quantity Name Symbol
10 tera T
10° giga G
10° mega M
10° kilo k
103 mith m
10°° micro u
Table 0.3 Physical constants
Quantity Symbol Equality
m
gravitational acceleration g 9.807 —
32
: kJ
specific heat capacity of air SHC 1.012 koK
kJ
specific heat capacity of water SHC 4186 kg K
kg
density of air at 20°C, 1013.25 mb n 1.205 3
. 3 kg
density of water at 4°C n 10° —
exponential e 2.718

XXI



Symbols

Symbol Description Units
A area m*
solar altitude angle
absorptivity of glass
Ag area of opaque fabric m?
Ag area of window m¢
B solar azimuth angle
b barometric pressure bar
° angle degree
C wall azimuth angle
flow coefficient
D wall-solar azimuth angle
. . W
direct irradiance =
d diameter m or mm
suffix for design and diffuse irradiance
db. dry bulb temperature 'C
Ap pressure drop Pa
Ap; pressure change from node 1 to node 2 Pa
£ emissivity
slope angle
. m? |
£EA exhaust air — or -
s s
EL eqguivalent length m
F force N
incidence angle 4
surface factor
FSP fan static pressure Pa
FTP fan total pressure Pa
FvP fan velocity pressure Pa
[ = heat loss factors
Fu thermal transmittance factor
Fu ventilation factor

admittance factor




g

h.,

fom

%A%

/1\/
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Symbols

Description Units
decrement factor
friction factor
m
gravitational acceleration 2
: kg H,0
air moisture content —t
kg dry air
kg H,0
saturation air moisture content ot L
kg dry arr
height m
head overcome by pump or fan m
horizontal surface
time hours
f thal sl
spectfic entha
p py kg
: kJ
latent heat of vapourisation 6
) kJ
outdoor air specific enthalpy kg
kJ
room air specific enthalpy kg
W
outside surface heat transfer coefficient K
W
inside surface heat transfer coefficient ——
mé K
electrical current ampere
W
solar irradiance -5
m
W
direct solar irradiance on horizontal surface ==
W
direct solar irradiance on vertical surface =
wW
total solar irradiance on a vertical surface =
) wW
total solar irradiance on a horizontal surface 2
W
diffuse solar irradiance on a horizontal surface =y
) W
direct solar irradhance on a sloping surface o=y,
W
total solar irradiance on a sloping surface =
) W
solar irradiance normal to a horizontal surface 2
) W
solar irradiance normal to a vertical surface pes;

(continued)

XX



xxiv Symbols

Symbol Description Units
. W
I long wave radiation from a surface =
J guantity of energy, joule J
K constant K
k thermal conductivity w
m K
kg mass kilogramme
kJ quantity of energy kilojoules
kVA kilovolt ampere
kW power kilowatt
kWh energy consumed kilowatt-hour
L length m
LH latent heat of evaporation kW
/ length m
volume, litre |
LEL lower explosive limit ppm or %
LOG logarithm to base 10
LTHW low temperature hot water
kg
m mass flow rate <
mass kg
M) quantity of energy, megajoule M)
MTHW medium temperature hot water
MW power, megawatt MW
m length metre
mm length, millimetre mm
N air change rate ir_dj@%s
hour
number of occupants number
rotational speed Hz
N force, newton N
: . m? I
OA outside air intake - o .
OEL occupational exposure limit ppm or %
P power, watt W
p pressure, pascal Pa
Da atmospheric pressure Pa
4 ratio of arcumference to diameter of a circle
ppm concentration parts per million
PS percentage saturation %
Ps saturated vapour pressure Pa
static pressure Pa
P total pressure Pa
Py vapour pressure Pa
velocity pressure Pa
Dsi saturated vapour pressure at sling wet bulb air temperature, t Pa
m* |
Q volume flow rate <o
heating or cooling power kW




Syrnbol

RA

RH

Iz

RPM

w

Symbols

Description

direct transmitted solar irradiance
diffuse transmitted solar irradiance
swing in total heat exchange
steady state fabric heat loss

cyctic variation in fabric heat loss
ventilation heat exchange
resistance, electrical, ohm

thermal resistance

specific gas constant
reflectivity of glass

overall motor drive power ratio
recess dimension

return or recycled air

relative humidity

density

rotational speed

arr space thermal resistance
internal surface thermal resistance

external surface thermal resistance

supply air

sensible heat transfer

specific heat capacity

square of the mean of the square roots
regain of static pressure

sensible to total heat ratio
time

absolute temperature
torque

total irradiance

transmissivity of glass

pssssEs|§

==}

=
te]
~

kg
3
revolutions

minute

seconds
Kelvin, K
Nm

W

m¢

(continued)
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