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Heating.Ventilation.and.Air.Conditioning

INTRODUCTION

Building servicesisnot atheoretical academic subject.
It is a living, developing field of endeavour which
touches everyone's lives. You are probably reading
thisin a heated (or air conditioned?) room right now!
Thisbook reflectsthe closeness between the academic
study of building serviceswithits practical application
initsformat. A traditional textbook ispresented onthe
right hand pages and additional details including
information on commercially available products and
their suppliers is given on the left. By linking the
theoretical descriptionswith systemswhich can be seen
around usin everyday life learning will be enhanced.

CONTRIBUTION FROM INDUSTRY

This publication represents a new way of supplying
textbooks to students studying courses which have
strongindustrial links. It hasbeenissued freeof charge.
All costs have been paid by members of the building
services industry who, as professionals, are pleased
to contribute to the education of the next generation of
Architectsand Building Services Engineers. The book
can also be purchased by those outside the free
circulationlist at £19.99 from the publishers.

AIMS

To give students access to a basic text at no
cost to themselves.

To introduce students to the basic concepts
and components of heating, ventilation and air
conditioning systems.

To improve uptake and understanding of the
subject by presenting photographs of commercially
available equipment alongside the textbook
description.

To enhance the link between education and
practice.

To make students aware of the existence of

Vil

companies and therange of productsand servicesthey
offer at an early stagein their careers.
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numbers and have agreed to receive these books and
distribute them to their students. As such a lecturer
myself | know that theincreased work load duetorising
student numbers, reductionsin funding, course devel-
opment and research responsi bility make any additional
tasks difficult to accommodate.

| would like to thank all of the companies whose
advertisements appear in this book and in particular
the marketing managers and reviewers with whom |
haveliaised.

ABOUT THEAUTHOR

Richard Nichollsisasenior lecturer in the department
of Architectureat Huddersfield University. Heteaches
environment and services on the Architecture degree
and postgraduate diploma pathways and is pathway
leader for the MSc. in Sustainable Architecture. He
has experience of research as a research assistant in-
vestigating low energy housing in the department of
Building Engineering, UMIST and industrial experience
as alocal authority Energy Manager. His most recent
publication is a chapter on water conservation in the
book "Sustainable Architecture" edited by Professor
Brian Edwards

PUBLISHERSNOTE

Theinformation givenin thisbook isfor guidanceonly.
It is not intended to be exhaustive or definitive. All
relevant standards, regulations and codes of practice
should be consulted before any work is carried out.
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H E AT I NG

SY ST EM S

1.0 Introduction

During the heating season, from early autumn to late
spring, theweather becomestoo cold for comfort. The
building fabric protects us from the climatic extremes
to an extent, but not enough to provide the comfort
levelsthat modern society has grown to expect. Com-
fort can only be guaranteed using a space heating sys-
tem. Most buildings in Britain require some form of
space heating for the majority of the year. Heating not
only gives thermal comfort to the building occupants
but also ensures their health and, in a working
environment, contributesto their productivity. Finally,
heating protects the building fabric from deterioration
by driving away moisture and preventing frost damage.

A requirement parallel to the need for space heatingis
the need for a method of providing hot water for
washing and bathing. Unlike the seasonal requirement
for space heating, hot water isrequired all year round.

The basic principle behind heating systems is very
simple. Heat is released by burning fossil fuels or by
passing an electric current through awire. Thisheat is
used to warm the occupants by radiant or convective
means (seelPY). Whilst the principleissimplethefunc-
tions must be carried out in a manner that ensures the
following are satisfactorily considered;

Economy - Therearevarious costs associated
with heating that must be minimised. Theseare, initial
capital cost, maintenance costs and running costs.
During atypical twenty year life of a heating system
running costs will outweigh the initial capital costs
many timesover.

Safety - Heating systems use combustiblefu-
els, operate at high temperatures and rel ease asphyxi-
ant flue gases. These hazards must be managed so
that they do not present a risk to the building or its
occupants.

Comfort - (see | P5) It isnot possibleto make
all the occupants of abuilding satisfied with theinternal

temperatures at the sametime. Thisisbecause personal
preferences vary. However the system should aim to
make the magjority of the occupants comfortable. To
achieve thisthe heating system should provide design
temperatures and then control them within a narrow
band of variation during occupancy hours.

Environment - (see page 8) The combustion
of fossil fuelsreleases gaseswhich contributeto global
warming and acid rain. To limit the damage, the amount
of pollutant gasses released per unit of heating must
be minimised. Type of fuel used, combustion
characteristics, control and efficiency all contributeto
minimising the volume of gasreleased.

Heating systems can be categorised into one of two
main typesthese are; indirect heating systems and di-
rect heating systems. The differences between the two
systems will be outlined below. Section 1.1 considers
indirect heating and section 3.0 considers direct
heating.

Direct heating systemsuseindividual stand alone hegt-
ersin each room where heating is required. The most
common form of direct heating isthe use of gas, coal or
electric heatersin adomestic property. The capital and
installation costs of any heating system are determined
by sizeand complexity. For smal systemsdirect heating
has alow initial cost and can be easily expanded at a
later date. Control of individual heaters is ssimple to
achieve but group control, because of the physical
separation, is more complex. Each heater must be
provided withitsown fuel supply and flue. Direct heat-
ingisextensively used asacost effectiveform of heat-
ingindomestic, industrial and commercial buildings.

Indirect heating systemsare known ascentral heating
systems in houses because they generate heat at a
central location, the boiler. The heat must then be re-
moved from the boiler and delivered to eachroom. Itis
carried there by a heat transfer medium, which can be
water, steam or air. Pipes are used to direct the flow of
steam and water and ducts guide the movement of warm
air. Heat emitters such as radiators (section 1.4) are
required in theroomsto "hand over" the warmth from



| P1-INSULATION.OF.DISTRIBUTION.PIPEWORK

Pipework is required to carry fluids as hot as 150°C
(hthw) and as cold as -20°C through both heated and
unheated spaces. The outcome of thisisheat lossfrom
hot pipes and heat gain by and condensation on cold
pipes. Both conditions eventually result in a lack of
system control and thermal discomfort.

HEAT LOSSFROM HOT PIPES

The heat loss rate from a pipe depends predominantly
on its surface area (length of pipe run and pipe diam-
eter), thetemperature difference between it and its sur-
roundings and the thermal conductivity of the pipe
and any insulation materialssurrounding it. Given that
the pipe length, diameter and fluid flow temperatures
arefixed by heating system design considerations, the
element we can modify to reduce heat losses is the
level of insulation around the pipe. Thisis recognised
by the building regulations and water bylaws which
lay down regulations governing the use of pipe
insulation.

Increasing the thickness of the layer of insulation
increases its resistance to the flow of heat. However,
the cost also increases. The cost effective thickness of
insulation must be determined

ture. Thisisachieved using closed cell insulation prod-
ucts which have a high resistance to the passage of
water vapour and by sealing any joins made in the
material.

Pipeline identification markings
e.g.central heating water <100 C
BS 4800:1989

Closed Join Green (Cintonn Green
Blue | Blue

. Insulation
Pipe Metal casing

Figure IP1: Pipe insulation and identification
CONTROL AND COMFORT

Pipework is required to carry hot or cold fluids from
plantroom to location of use such asa heating or cool-
ing coil. Any heat lost or gained by the pipework will
changethe temperature of
thefluid. Asaresult tem-

from a knowledge of system
design characteristics, fuel
costs and insulation costs. In
addition to insulating pipes it
IS necessary to insulate valves
and other pipe fittings such as
suspension rods. Specialist
jackets are available for this
purpose or sheet materials can

be used by cutting and forming control

Inadequately insulated
pipework causes energy
wastage, condensation
risks, thermal discomfort
and lack of system

perature sensor readings
located early in the
pipework may no longer
reflect delivery
temperatures. The ab-
senceof reliablesensor in-
formation makes control
difficult. Inadditiontothis
thermal discomfort may be

theminto an appropriateshape. I CTcated asroomsoverheat

CHILLEDWATER PIPEWORK

Heat gains by chilled water pipework must be consid-
ered in a similar manner to heat losses. However an
additional feature which must be consideredisthe pos-
sibility of condensation forming on the cold pipework.
To avoid this moisture laden air must be kept away
from the cold surface of the pipe or any layer withinthe
insulation whichisat or below the dew point tempera-

due to unregulated heat
lost from pipes running through occupied spaces.

THEOZONELAYER

chlorofluorocarbons (CFCs) (see IP15) are no longer
used to make foamed pipe insulation as they damage
the ozone layer. Environmentally responsible manu-
facturers now use ozone benign blowing agents such
asair or carbon dioxide.



the heating system to the room air.

The advantages of indirect heating systems arise from
the fact that most of the equipment is concentrated at
a single location. This means only one flue and one
fuel supply are needed to satisfy the entire building.
This centrality meansit is also possible to achieve a
high level of control over the entire system.

There are many types of building with various func-
tions such as domestic, retail, industrial, educational
and commercial. Within each of these categoriesthere
are different forms, fabric and heat loadings. Because
of thisitisimpossible hereto describe suitable heating
systems to suit all buildings. This book will simplify
meatters by referring to two basic types of building:
domestic which refers to housing and commercial
which are buildings larger than domestic such as
offices. In section 1.1 the components which make up
an indirect heating system will be described using
domestic central heating asabasis. Detail will also be
given on how the domestic system ismodified to sat-
isfy the heating demands of large buildings.

1.1 Wet Indirect Heating

A wet indirect heating system uses water as the heat
transfer medium. Themain componentsof awet indirect
heating system are shown schematically in figure 1.1.
Each of these componentswill be discussed morefully
in sections following the numbering on the diagram.

In domestic propertiesit islikely that the boiler is ac-
commodated in thekitchen either floor standing or wall
mounted. In commercia buildings where the quantity
of heating plant is greater it is necessary to have a
purpose built plant room. The plant room must bewell
ventilated and have sufficient room for the equipment
and accessto it for maintenance. Plant roomsare usu-
ally situated on the ground floor where the weight of
the heating system can easily be supported. Ventila-
tion air for the plant roomistypically provided through
an access door leading to the outside which has
louvered openings. Initial estimates of plant room size
are based on rules of thumb, usually a small percent-
ageof thetotal floor area. The actual percentagevaries
depending on the complexity of the heating system.
As well as space for the plant room allowance must

also be made for horizontal and vertical service
distribution runs throughout the building [see IP7].

1.8 Feed and Expansion

—
I_ Tank

1.5 Indirect

Cylinder

1.6 Controls 1.4 Heat Emitters
1.2 Boiler

A /

17 |
DY >
\
4
Q) -
/,w -
1.3 Pump 1.7 Valves

Figure 1.1 Wet indirect heating system

A number of companies produce packaged plant rooms
which are delivered to site pre-assembled resulting in
savings in both time and costs. These units may be
accommodated within the building or are containerised
for locating outside the building or on the roof top.

1.2 Gas Boiler

Theheart of anindirect space and water heating system
istheboiler. Thissectionwill concentrate on gasboilers
however it should be remembered that oil fired boilers
areavailableusing liquid instead of gaseousfuels. The
disadvantage of oil boilersisthat oil deliveriesmust be
organised and space allocated for oil storage. Electric
boilersare also available, herethe system water circu-
lates over an electrical heating element. Electricity is
more costly than gas or oil per unit of energy but the
system has the advantage of small physical size, no
requirement for aflue and ability to function where no
gas supplies exist.

A gasboiler isadevicewhich burnsgasin acontrol-
led manner to produce heat. This heat is transferred,
using a heat exchanger, to water which circulates
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around the heating circuit.

Boilersare specified in terms of their power measured
in kilowatts (kW). A boiler for atypical four bedroom
detached house would be rated at approximately 15
kW. A small flat or low energy house may need aboiler
assmall as5 kW. Large buildings would need severa
hundred kilowatts of boiler power.

The main components of a boiler are shown in figure
1.2 and are described below.

/ Flue

Boiler Flow
thermostat »-
\ »
[l -D
1
Flame !
e X Heat
galll}re . e exchanger
evice \
Control :
unit \»E \
r TG <
: 1 D
S 10000000, | Retum
A x

\

Gas'valve  Pilot light Burner

Figure 1.2 Parts of a boiler

GasValve. Thisvalveisnormally closed. Itisopened
by asolenoid alowing gasto flow into the burner if
thereisacall for heat and safety conditions are satis-
fied. If thereisaloss of power or asignal indicating a
fault is sent from the control unit then the valve will
automatically close.

Pilot Light. Thisisasmall flamewhich burns continu-
ally. Itsfunctionisto ignite the gas/air mix asit leaves
the burner. An alternative is to use electronic spark
ignition. Electronic ignitions have a greater degree of
technical complexity but giveimproved boiler economy
by eliminating the gas used by the pilot light at times
when the boiler isnot required to fire.

Burner. For optimum performance all of the gas that
enters the boiler must be burned. To achieve this the
burner must mix the gaswith the correct quantity of air.
Thisisknown as a stoichiometric mix of gas and oxy-
gen. Insufficient air would result in incomplete com-
bustion with carbon monoxide being produced and
dangerous unburnt gas building up. Too much air and
the combustion gases will be diluted and cooled. The
burner isdesigned to mix gasand air to give the most
safe and efficient combustion possible. Atmospheric
burners use the pressure of gas in the mains and
buoyancy in the flue to draw combustion air into the
burner. Forced draught burnersuse afan toinput com-
bustion air. Thisallowsagreater degree of control over
the combustion process resulting in reduced boiler
sizes.

In commercial buildingslarge amountsof fuel are used
soitisimportant to buy it at thelowest price. Tohelpin
fuel purchasing boilers supplying large buildings can
be fitted with dual fuel burners. These can use either
gasor ail. It ispossible to switch between fuelsto use
the fuel which at that time is the cheapest.

Amongst the combustion products of gas or oil are
variousnitrous oxides collectively knownasNO . NO,
isapolluting gas and so European regulations exist to
limit the amount of NO_ produced by burners for a
given heat output. In response to this burner manufac-
turers have updated their products to meet and often
exceed the requirements of thislegislation.

FlameFailureDevice (FFD). Flamesare detected by
thisunit andif present gasisallowed to enter the burner.
If the flames are extinguished for any reason the gas
valvewill be closed. Thisavoidsadangerousbuild up
of unburnt gas within the boiler.

Control Unit. Thisis an electronic device which re-
ceives signals from the FFD and Thermostats. Using
this information it controls the operation of the gas
valve, pump and ignition systems. Time control isalso
carried out by this unit to make sure that the heating
system only operateswhen it isrequired. Each type of
boiler has its own control strategy, individual boiler
manufacturers should be consulted for further details.

Boiler Thermostat. Thisisatemperature sensor which
is used to control the boiler flow temperature. Boiler
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flow temperature is the temperature of water leaving
the boiler. It is this which determines the radiator
temperature. The hotter the water the greater is the
heat output of the radiators. It isusual to set the boiler
thermostat higher in winter than summer because of
this. Thisprocessis carried out manually on domestic
boilers however commercial boilers are fitted with a
device called acompensator which carries out the func-
tion automatically. Compensators are discussed more
fully on page 35. A separate overheat thermostat pro-
vides asafety function by cutting out the burner if the
temperature should increase too much. Thus avoiding
overheating of the boiler.

Heat Exchanger. Made of materialssuch ascast iron,
steel and aluminium the heat exchanger is designed to
give maximum thermal contact between the hot com-
bustion gases and the circulating water. The heat ex-
changer of large boilers may be delivered to site in
sections which are then bolted together. There is a
variety of heat exchanger forms. Some are positioned
over the burner and the hot flue gasesrise up through
the heat exchanger. Other heat exchangers surround
the burner and the combustion gases have to pass
through channelsin the heat exchanger to escape. This
means the flue gases have to pass the heat exchanger
twice thereby improving the transfer of heat into the
heating circuit.

Flue. When gasisburnt in air carbon dioxide, carbon
monoxide, nitrous oxides and water vapour are pro-
duced. Carbon monoxide is an asphyxiant and would
kill the occupants of any roominwhichit accumulated.
To avoid this, it is necessary to have aflue which car-
riesaway the waste products of combustion and safely
discharges them outside of the building. A flueis es-
sentially a duct connected to the boiler combustion
chamber, terminating outside of the building. Theflue
run should be as straight as possible to avoid unnec-
essary restriction to the flow of flue gas. Horizontal
runs should be avoided to allow flue gases to rise
continuoudly. It should terminate at a location where
the flue gases cannot re enter the building. Hence, for
example, flues cannot discharge near windows. The
flue will also have aterminal unit which acts to keep
the outlet of the flue open by, for example, excluding
the entry of nesting birds. Flue gases are hot and so
the terminal should not be located in a position where
it could be touched by anyone passing by. The

movement of flue gases in atmospheric burnersis by
natural buoyancy. Forced draught boilers use fans to
discharge the products of combustion

Therearevarious arrangements of flue. However, each
one exhibits the common functions of safely exhaust-
ing flue gases whilst at the same time preventing the
burner flames being blown out by excessive draughts
through the system. One method of preventing thisis
to use adraught diverter (figure 1.3). Upwardly mov-
ing flue gases pass up and around a baffle plate. If
wind causes the direction of flow to reverse then the
plate causes the flue gases to temporarily spill over
into the boiler house rather than enter the boiler. The
draught diverter also prevents excess air being pulled
through the boiler should there be excess suction from
the flue itself due to wind or buoyancy effects.

Reverse Normal
Flow Flow
D raught
d iverter
Room air

L — Flue gas
rises due
to natural
buoyancy

Room air
drawn into
| 0 0 0 | boiler for .
L

combustion

PR

Figure 1.3 Flue draught diverter

TheBalanced Flue (Figure 1.4) isadua functionflue
which takes combustion air from outside the building
and suppliesit to the burner. The same unit discharges
the flue gases outside. The benefit of this flue is that
any wind pressures act on theinlet and outlet equally.
Asaresult flowsthrough the fluewill be stable ensur-
ing the burner flames will not be blown out. Because
both the combustion air and flue gases enter and leave
the boiler without making contact with theroom air the
boiler isknown asa"room sealed" appliance.



| P2 - TEMPERATURE,ENERGY.AND.POWER

Threeterms commonly used in building services stud-
ies are temperature, energy and power. The latter two
can easily be confused. Thisinformation panel aimsto
clarify the definition of thesetermsand give examples
related to buildings.

TEMPERATURE

The scale of temperature commonly used in building
studies is the Centigrade scale. Thisis a scale set be-
tween the temperature of melting ice and the tempera-
ture of boiling water. These temperatures are zero de-
grees centigrade (0°C) and one hundred degrees centi-
grade (100°C) respectively. Typical temperatures en-
countered in buildings are;

Design outside air temperature, -1°C

Average annual outside air temperature, 6°C
Chilled water flow temperature, 6°C

Room temperature (active e.g. gymnasium), 16°C
Room temperature (sedentiary e.g. office), 21°C
Human core body temperature, 37.5°C

Boiler flow temperature, 82°C

Boiler return temperature, 70°C

Max. temperature of radiant tube heater, 450°C

Another scale of temperature used by building scien-
tists, and one which you may encounter, isthe Kelvin
scale of temperature. The divisions on this scale are
exactly the same as on the centigrade scalei.eachange
(D) of one degree centigrade is equivalent to achange
of one degree Kelvin (D1°C° DLK). The kelvin scale
startsat OK which equals-273°C so 0°C would therefore
beequivalent to 273K.

ENERGY

Energy is thought of as the ability to do work. There
arevariousformsof energy, for illustration they can be
describedinrelationtoaCHP unit (page 17). Theforms
of energy are; chemical energy asiscontainedinfuels
such as coal, oil or gas, mechanical energy which is
held by rotating objects such asthe flywheel of aCHP
unit, thermal energy (Heat) that isreleased by burning
fuels and electrical energy which is produced by the
CHP unit generator. Note that thermal energy is often
simply referred to as heat

10

The amount of energy held in any of the above forms
can be quantified. To do this we need units of energy.
The basic scientific unit of energy isthe Joule (J). But
this unit is too small for describing the quantities of
energy used in buildings. Instead we normally use the
unit, Watt hour. This is still small so we use
thousands(kilo (k)) of Watt hours i.e. kilowatt hour
(kwh). 1IkWhisequivalent to 36,000,000 Joules! or 0.036
Gigajoules(GJ). Typical energy valuesencountered in
buildings are;

Energy used by a1 bar electric fire each hour =1 kWh
Energy used to heat ahouse for oneyear, 40,000kWh
Energy contained in 1m® of gas=10.5 kWh

Energy contained in 1kg of coal = 9.02 kWh

Energy containedin 1 litre of oil = 10.4 kWh

Note when heat is added to an object its temperature
increases. When heat is removed from abody itstem-
perature decreases.

POWER

Energy cannot be created or destroyed but it can change
from oneform to another. Therate at which thischange
occursin asystem is called the power of the system.

For example, agasboiler isamachineto convert chemi-
cal energy (gas) to thermal energy (heat). This conver-
sion is not instantaneous, it occurs over time. If, in a
given time, a boiler converts more gas to heat than a
second bailer, then thefirst boiler hasagreater power.

Theunit of power isthe Weatt (W) (1W=1Joul e/second).
Onceagainthisisasmall unit so we often use kilowatts
(kW). Typica power values encountered in buildings
are;

Light bulb= 100w

1 bar electricfire= 1kW
Boiler for alow energy house= AkW
Boiler for adetached house = 12- 18kW
Commercia boiler= 150kw
Domestic refrigerator = 150W

Typical split A/C unit = 0.8 to 3kW (electrical input)
giving 2.4 to 9kW of cooling



Ventilation and combustion air is required in rooms
where non room seal ed combustion appliances are op-
erating. It is needed to supply sufficient air to allow
complete and safe combustion of the gas. In large in-
stallations ventilation al so hel psto disperse unwanted
heat build up. In housing, purpose provided ventila-
tion for small (lessthan 7 kW) and room sealed appli-
ances is not required. However for non room sealed
and larger appliances purpose built air vents should
be provided connecting the room to the outside air.
There are exceptions and reference should always be
made to current regul ations and manufacturers data.

Combustion
air
— |
<+ Return
/j >
Flue gas i
. Flow
Outside <
wall \ o o
Burner
A
Gas supply

Figure 1.4 Balanced flue

Incommercia buildingsventilationisusualy provided
through ventilation openings in the plant room walls
or door. It can a so be supplied to interna plant rooms
using a fan and ducting running from outside to the
plant room. Sensorsin the ducting areinterlocked with
the boiler controls. These interlocks switch off the
boilersif the ventilation air supply is stopped for any
reason such asfailure of the ventilation fan.

Fan Dilution isaflue system which cools and dilutes
the flue gases so that they may be discharged at low
level. The system works by drawing air from outside
the building aong a horizontal duct (figure 1.5). The
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boiler discharges its combustion gases into this air-
flow and so they become cooled and diluted. It isthen
possible to discharge the flue gases into awell venti-
lated area such as above the rear exit of a building.
Dilution air inlet and flue gas outlet should preferably
be on the same side of the building to avoid draughts
blowing through the system.

Fan
—>
P 8/ r?\
Fresh air / - Igiluted
from outside | | ue gasses
the building
— 00000,

Figure 1.5 Fan dilution system

1.2.1 Boiler Efficiency

The efficiency of aboiler isameasure of how well it
converts fuel to heat.

Boiler heat input isintheform of gasor oil. When this
is burnt the aim is to transfer al of the heat that is
released into the heating circuit. A system that achieved
this aim would be 100% efficient. For safety reasons
waste combustion gases must be cleared from the boiler.
Thisiscarried out by allowing the natural buoyancy of
the hot flue gases to carry them up and out of the flue.
Unfortunately the heat contained in these gasesislost
to the system. Asaresult any flued combustion appli-
ance can never operate at 100% efficiency. When se-
lecting aboiler reference is made to manufacturersin-
formation contained in product data sheets. Figures
for efficiency are usually given but if not it can be eas-
ily worked out from quoted heat input and output val-
ues(figure 1.6).
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Three classes of boiler efficiency can beidentified;

Standard Boilers. A standard boiler isonewhich pro-
vides good quality utilitarian heating but has no cost
increasing features that would enhance its efficiency.
The efficiency of all boilers varies with the amount of
work they arerequired to do, known asthe boiler load.
For this reason the average efficiency of a standard
boiler over the heating season is usually given as the
seasonal efficiency. For a standard boiler thisis typi-
cally 75%. Thevariation of efficiency withloadisdis-
cussed morefully in alater section.

WASTE HEAT
(kW)
| l HEAT OUT
(kW)
>

HEAT IN —
(kW)

EFFICIENCY (%) = HEAT OUT x 100
HEAT IN

Figure 1.6 relationship between efficiency and heat
output and input.

High Efficiency Boilers. These boilersaremore costly
than standard boilers because they include features
such as alarger heat exchanger, additional casing in-
sulation, electronicignition and flue dampers (fig 1.7).
These features; absorb more heat from the flue gases,
reduce casing heat losses, stop gas usage when there
isno call for heat and prevent convective loss of heat
when the boiler finishesfiring respectively. Asaresult
the seasonal efficiency isimproved to approximately
85%

Condensing Bailers. These boilershave a high oper-
ating efficiency. Thisisdueto their large heat exchanger
which extracts so much heat out of the flue gases that
thevapour in them condenses onto the heat exchanger

(hence the name). In this way the heat exchanger re-
covers both sensible and latent heat from the flue ga-

. — Flue
damper

Larger heat

— exchanger

Insulated
4 casing

L1 Electronic
ignition

Figure 1.7 Features of a high efficiency boiler

ses. To ensure that the boiler condenses the return
water temperature must be below 53°C. Seasonal
efficienciesare ashigh as 92%. Thismode of operation
does however, present design challenges. Firstly the
cooled flue gaseslosetheir buoyancy and are generally
cleared by afan (figure 1.8). Secondly the flue gascon-
densate is dightly acidic and so the heat exchanger
must be made of none corrosive materialssuch asstain-
less steel. The condensateitself must be collected and
drained away. All of these features add about 50% to
the cost of a condensing boiler in comparison to a
standard boiler for the samerating. However their high
efficiency makesthem economical with the extra capi-
tal coststypically being recovered in the value of en-
ergy savings within three years.

__E_ . Flefan

Large
0 corrosion
resistant
~——— | heat
exchanger

Condensate drain

Figure 1.8 Features of a condensing boiler
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BOILERLOADAND EFFICIENCY

The efficiency of aboiler varieswith the load upon it.
High load is when the boiler is being asked to do a
great deal of work. For example, first thingin themorn-
ing when the building and domestic hot water are both
cold. In this situation the boiler will fire continuously
and theflueand casing losseswill be small when com-
pared to the heat being input to the rooms. An example
of alow load situation isat the end of the day whenthe
building has warmed through and the tanks are filled
with hot water. The boiler will be cycling, that isfiring
for short periods then stopping just to keep heat levels
topped up. Almost as much heat will be lost by
convection up theflueasisgiven to the heating system.
Henceefficiency will below. Figure 1.9 showsagraph
of efficiency against proportion of full load for the
three types of boiler discussed previously.

920

80+ — = —— T T
—~ 70 — P L L
c\c - - PR .
~— 60 ¢+ LT
250
= R
g 404 . .
W= a0 b C(l)ndens‘m.g
QL:I — — .High efficiency

e S Standard

10 £
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Figure 1.9 Graph of efficiency vsload

From the graph it can be seen that whilst standard
boilersare effective when operated at high loadstheir
efficiency falls off when the load on them decreases.
The efficiency can fall aslow as 35%. In comparison,
thehigh efficiency boiler hasahigher efficiency over-
all and hasimproved low load efficiencies. The con-
densing boiler has high efficiencies at al loads. The
efficiency at low loads remains high at 75%. Higher
efficiencies mean lower fuel costs and less pollution.

MULTIPLEBOILERS

In non-domestic buildings one way of ensuring that
boilersfire near their highload ratingisto operatethem
as part of amultiple system of boilers. Thisis recog-
nised by the building regulations (L4) which require
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specific controlsfor heating systemsover 100 kW rat-
ing. Asan example, amultiple system of boilersused to
satisfy a100 kW load isshowninfigure 1.10. It can be
seen that the 100 kW load is provided by four 25 kW
boilersfeeding heated water into acommon flow pipe
and supplied by acommon return. The first benefit of
this arrangement of boilersis that there is back up if
one of the boilers should fail. It can be isolated and
heating can till be provided, albeit at areduced capac-
ity, by the other boilers. The second benefit isthat the
boilersarefired in a progressive manner to satisfy the
load. So for example in the morning when thereis a
high load situation all of the boilerswill fire. Later in
the day when the buil ding has started to warm through.
Boilers1and 2 will fire continuoudly with boilers3and
4 shut down. At the end of the day when top up heat-
ing only is required only boiler 1 will be firing. The
progressive mode of operation means that each boiler
will only be firing near its full output rating. The sys-
tem asawholewill therefore maintain ahigh efficiency
even though the load is decreasing.

B

A A A A Flow
Boiler Boiler Boiler Boiler
1 2 4 4
25kW 25kW 25kW 25kW
A 4 4 A Reverse
I return

«

Figure 1.10 Multiple boilers for a 100 kW load

Progressive operation of the boilers requires a control
process known as boiler step control. It is based on
boiler flow temperature. If thisfallsitisanindication of
increased demand for heating. Asaresult more boilers
will bemadetofire. Boiler 1 will berequiredtofirefor
more hours than any other boiler since it will operate
during both high and low load situations. The boiler
whichisthefirst tofireup and last to switch off in any
heating period is known as the lead boiler. To avoid
unbalanced wear on the boilers the lead boiler will be
cycled each week. Soinweek oneboiler Lwill lead, in
week two boiler 2 will lead and so on until after four
weeks boiler onewill once again bethe lead boiler.
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1.2.2 Combined Heat and
Power

Combined heat and power (CHP) unitsarean additional
source of heat for some buildings. CHP unitsare based
oninternal combustion enginessimilar to car or tractor
engines (figure 1.11). They have spark plugsan engine
block and cylinders. The first difference to a vehicle
engine is that instead of running on petrol or diesel
they run on gas (natural, biogas or bottled). Secondly
rather than drive a set of wheels the motive force
generated by the engine is used to drive an electricity
generator. Thisis the "power" part of the output. In-
stead of aradiator to exhaust the waste heat from the
engineto atmospherethe CHP unit hasaheat exchanger
which transfers this heat into the heating system
circulation. CHP units are aso based on gas turbine
technology giving increased heat and power outputs.

. Gas in
Exhaust pipe
Carburettor
Cool —» 4 = Generator
water in
/ Electricity

Engine _fouty
Hot «— S m— ]SEIIS%H:;: cooling
water out yste

Figure 1.11 Combined heat and power unit

The efficiency of the CHP unit at producing heat is
lower than that of a gas boiler at approximately 60%.
Thiscanbeincreased by 5% if an extraheat exchanger
is used to recover additional heat from the exhaust
pipe and oil cooler. This gives a heating efficiency
which is still lower than a gas boiler. However, when
the heat output is combined with the energy value of
the electricity output the efficiency isgreatly increased,
to approximately 85%. Thisisillustrated in the energy
flow diagram for the CHP unit shown infigure 1.12.

There are environmental benefits to be obtained from
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the use of CHP units. These are derived from replacing
power station generated electricity by CHP generated
electricity. For example, the efficiency of acoal fired
power station at producing electricity isapproximately
35%. 65% of the energy value of the coal is lost as
waste heat in the flue and cooling towers of the power
station and in transmission lossesin the grid cables. A
CHP unit has comparable electricity production effi-
ciency but the waste heat isused in the buildings heat-
ing system.

The economicsof CHP unitsiscomplex andinvolvesa
balance between savings in energy bills against capi-
tal and running costs. CHP units produce el ectricity at
a unit cost which is much cheaper than can be pur-
chased from the grid. But for the savings from thisto
pay back the capital cost of the installation the CHP
unit must run for the maximum number of hours possi-
ble. Balanced against thisisthefact that the CHP unit,
like any engine, requires periodic routine mai ntenance.
Thisinvolveschanging ail, filtersand spark plugs. CHP
maintenance costs are high.

Figure 1.12 Energy flow diagram for a CHP unit

Low grade heat 5%

High grade
heat 60%

Gas in
100%

Heat losses 10%

Electricity 25%

To maximise the running hours, which is necessary to
save energy and pay back the capital and maintenance
costs, the following three stranded strategy must be
followed.

Firstly the CHP energy output must be matched to the
buildinginwhichitisinstalled. A unit must be selected
whose output satisfies the base heating and electricity
demand which occursall year round. If the CHP gives
out more heat than is required the system control swill
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switch it off to avoid over heating, cutting down the
running hours. If the CHP gives out more electricity
than isrequired by the building it will have to be used
by other buildings on the site or exported to the grid.
Theexport of eectricity requirestheinstallation of extra
metersand unfortunately the price paid by theelectricity
companiesfor electricity depositedintothegridislow.
It can be seen therefore that a high and consistent
base demand isrequired for economic operation of the
CHP unit. This tends to make them more suitable to
buildings such asleisure centresand hotel swith swim-
ming pools.

Secondly, the CHP unit will bepart of aheating system
incorporating gas boilers to provide the above base
heat demand. To make sure the CHP has maximum
chance to run it must be the first heating device the
system return water encounters on its way back to the
plant room. In other words the CHP must be in series
with the boiler heating system.

Thirdly, the CHP must undergo routine maintained at
the specified intervals. In addition, many units arefit-
ted with sensors, control devices and modems that
allow them to auto dial a maintenance company if the
CHP should stop running due to the occurrence of a
fault. Thiswill allow rapid attendance by aserviceen-
gineer to rectify thefault.

1.3 Pumps

It isthe job of the pumps to make the water circu-
|ate between the boiler and heat emitters within the
heating system pipe work.

The three main components of apump (figure 1.13)
are an electric motor, an impeller and the casing.
The electric motor is directly coupled to the drive
shaft of the impeller. Water on the inlet side enters
the pump in the centre of the impeller. Theimpeller
rotates driving the water out towards the casing by
centrifugal force. The water outlet is situated off
the centre axis of the pump. As aresult the pump
casing must be cast to arrange the inlet and outlet
flowsto be along the same centreline. The pumpis
then known as an "in-line pump".

In domestic heating systems a single pump will suf-
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fice. However commercial heating systems contain
a large volume of water which may have to be
pumped great distances. In this situation high ca-
pacity twin head pumps are required. Twin pumps
are required to give stand-by capacity if one of the
pumps should fail. Thisis because a loss of pump
power in acommercial building would resultin an
unacceptable loss of heating.

Flange for connection
to pipework

Figure 1.13 Twin head pump

Only one pump runs at atime, thisiscalled the duty
pump, the other acts as a stand-by. It isusual to run
each pump for 1500 hours then change over to the
other to even out the wear on them. This process
can be carried out manually via the pump control
panel. However in modern systems this is carried
out automatically using a building energy manage-
ment system (BEMS) (section 1.6). Aswell asroutine
cycling of pumpsaBEMS can detect pumps failing
if they are fitted with a suitable sensor and auto-
matically isolate it and start up the stand-by pump.

Variable speed pumps. An energy saving develop-
ment in pump technology isthe variable speed drive
pump. This system does not run at a fixed speed
but varies its speed and hence pumping power de-
pending on the work it is required to do. For exam-
ple, if aheating zoneiswarm enough vaveswill close
isolating its heat emittersfrom the heating flow. As
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Electric motors are everywhere in building services.
They drive fans, pumps, lifts escalators and process
machinery. Inatypical prestige air conditioned office,
fansand pumps account for 20% of the total electrical
consumption (1). For comparison refrigeration only
consumes 11% of thetotal. Motors are, therefore, key
services components and major consumers of energy.

ELECTRICMOTORS

M OT O R S

A N D D R |

DRIVESYSTEMS

V E S

Themajority of motorsrun at afixed speed. Variations
in demand are usually satisfied using flow control de-
vices. For examplein awarm air heating system asthe
demand for heating falls the supply of warm air to the
space will be reduced by closing a damper. The fan
motor continues to operate at fixed speed.

There is a rule affecting

Most electric motors used in
building servicesare of theAC
induction type. Singleor three
phasealternating currentisfed
through copper coils in the
stator creating amagneticfield.
Thismagneticfield inducesan-
other in the rotor. This causes
the rotor to spin in the same
way that like poleson bar mag-
nets push apart. This spin can

energy.

be used to drive the impellers — — —

of pumps (section 1.3) and fans (section 4.3).
HIGH EFFICIENCY MOTORS

Motorsare machinesthat convert electricity into move-
ment. Like most machinestheir efficiency islessthan
100%. The wasted proportion is seen as heat, arising
from overcoming friction and created asaresult of re-
sistance in the windings of the motor. The efficiency
of atypical 3kW motor isapproximately 81%.

It is possible to increase the efficiency of motors by
using low loss electrical steels and by increasing the
thickness of wires used inthe motor construction. This
reducesresistive and inductive heating in thewindings.
Asaresult the motor cooling fan can be made smaller
which addstoincreased efficiency. These modifications
increasethe 81% motor efficiency by 4%i.e. upto 85%.
Thisdoeshot seem alargeimprovement but when you
consider motorsrun for up to 24 hours aday the cumu-
lative savings are very large. The additional cost of a
high efficiency motor (about 25% more than aconven-
tional motor) will typically be paid back within thefirst
year of operation. Some manufacturers now offer high
efficiency motors as standard

Electric motors are
everywhere in buildings.
They are key components
and major consumers of
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motors, known asthe cube
law, which states that
electricity savingsare pro-
portional to the cube of
reductions in speed. This
means that cutting the
motor speed by 20% will
give a 50% saving in
electricity consumption.
From this it can be seen
that even  modest
reductions in motor speed
will result in considerable energy savings. There are
threetypesof variable speed drive (VSD). These are(2);

A two stage motor i.e. fast/slow/off operation. Thisis
cheap and gives reasonable savings.
Electromechanical systems. Using gears, drive belts
and dlip disks to vary drive speed. These are robust
but do not give maximum savings.

An inverter. This converts 50Hz mains electricity to
DC. Itthenreconvertsit to AC at afrequency depend-
ent on load. Increasing the frequency in response to
increasing load increases the speed of the motor and
viceversa Thissystem gives maximum flexibility and
SO maximises savings.

Additional benefitsfromV SDsarereduced maintenance
costs and reductions in electrical standing charges.

Further information
1. Energy Efficiency Office. Energy Consumption Guide
19: Energy Efficiency in Offices. HM SO 1992.

2. Energy Efficiency Office. Good Practice Guide 2:Guid-
ance notes for Reducing Energy Consumption Costs
of Motor and Drive Systems. HM SO 1993.



aresult lesswater will need to be pumped around
the heating circuit. A variable speed pump will sense
this and slow down. This is illustrated in Figure
1.14 which showsthat the energy consumption of a
fixed speed pump remains constant as the demand
for water flow falls. The variable speed pump slows
down to match demand resulting in a fourfold re-
duction in electricity consumption for each halving
of pump speed.

100
90 ¢+
80 +

70 ¢
0l variable speed

s0l - fixed speed
40 +
30
20

Percentage electrical demand

0 25 50 75 100

Percentage of Full Flow

Figure 1.14 Graph of pump electrical use against
percentage of flow

By exercising variable speed control of the pumps
considerable amounts of energy and hence money
can be saved. Using less energy also gives a
reduction in the output of pollutant gases from
power stations (see IP3).

1.4 Heat Emitters

Heat emitterstransfer the heat from the heating system
to theroomsrequiring warming. Thisisusually carried
out by convection and radiation from a surface heated
by the hot water flowing through the heating circuit.
To avoid overheating the room some method of con-
trol isrequired. Thisisusually achieved by restricting
the flow of heated water into the heat emitter using a
valve.

In most domestic buildings heat isemitted to therooms
using radiators. Water heated to 80°C by the boiler
flowsinto theradiator, raising itstemperature. Thera-
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diator warmstheroom by losing heat toit. Theradia-
tor gives out heat partly by radiation but mainly by
convection. Convection occurswhen theradiator heats
up theroom air in contact withit. Theair becomesless
dense and so risesto the ceiling whereit mixeswith the
rest of theroom air. Cooler air from benesth theradiator
is drawn up to repeat the process. Because it has lost
hest to theroom, water leaving theradiator and returning
totheboiler istypically 10°C cooler than the flow tem-
perature. In order to achieve thistemperature drop the
flow of water through all the radiators in the system
must be regulated during commissioning. Thisis car-
ried out by opening or closing lock shield valvesfitted
on theradiator outletsto increase or decrease the flow
rate respectively.

For agiven boiler flow temperature the heat output of
aradiator is determined by the size of its surface area
for convection. Thesingle panel radiator (figure1.15)
is the simplest pattern. It is two pressed steel panels
sealed by welding on all sides. Its shape gives it an
internal void, which fills with hot water, and surface
convolutionswhich increase its surface area. The sin-
gle convector radiator has this same basic panel but
has an additional corrugated plate spot welded to its
back surface. Thisplateincreasesthe effective surface
area over which convective heat loss can take place.
Two other patterns are shown which also increase heat
output by increasing surface areafurther. The heat out-
puts of each of these radiatorsis given for a 600 mm
high by 1000 mm long radiator. It can be seen that in
comparison to the single panel radiator the heat out-
puts of the single convector, single panel / single con-
vector radiators and double convector radiators are
43%, 112% and 170% bigger respectively.

The benefit of increased heat output isthat the physi-
cal size of theradiator can be reduced for agiven heat
output. A feature which is useful in confined spaces
such aswheresill heightsare low. However it must be
remembered that the cost and depth of the radiators
also increase with increasing heat output

Radiators are usually positioned beneath windows.
Thisisauseful location asit isunlikely that furniture
will be positioned here and also the heat output of the
radiator will counteract the cold down draughts from
the glazing. Radiators are rated in terms of their heat
output which should be matched to the peak heat loss
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Manufacturers produce a range of boiler and heat
emitter sizesto satisfy the needs of various buildings.
Before you can buy a boiler and connect it up to the
heat emitters you need to know how much heat is
required by each room which in turn informs you of
the size of the boiler. Over sized boilers should be
avoided sincethey will rarely operate at peak load and
sowill havelow efficiencies. Under sized boilerswill
not give the required

these tables.

Onedifficulty of heating large roomsisto get adequate
heat distribution throughout the room. Unless some
kind of forced convection system is used, heat tends
to be concentrated near the heat emitter. One way of
achieving better distribution isto divide the heat input
into the space using two or more heat emitters

distributed evenly through the

output and so room
temperatures cannot be
maintained against low

outside temperatures.
HEAT EMITTER
SZING

Heat Emitters must be

sized to supply the peak

heating demand of aparticular room. Thisis determined
by cal culating the peak fabric and ventilation heat oss
rates of the room. Examples of how to dothisaregiven
in building sciencetext books. The ambient conditions
assumed for the cal culation use -1°C for the outside air
temperature along with the design indoor temperature.
For aroom occupied by people engaged inalow level
of physical activity, such as an office or living room,
the indoor temperature is assumed to be 21°C. The air
change rate and fabric thermal properties are also
required

The outcome of the heat |ossrate cal cul ation described
above for aliving room might give a hesat loss rate of
2000Wetts. Thismeansthat whenit is21°C inside and
-1°C outside the room will be losing hest at a rate of
2000W. To maintaintheinternal temperature heat must
be supplied to the room at the same rate. This is
anologous to water pouring out of ahole in a bucket.
To maintain therequired water level (21°C) water must
be poured into the bucket at the same speed at which
it is leaving through the hole (the hesat loss rate). For
thisreason the heat emitter for our exampleroom should
be sized at 2000W. Trade literature for heat emitters
givesarange of useful information such asdimensions
and mounting details. It & so givesinformation on heat
outputs. A suitable heat emitter can be chosen from

Undersizing of boilers
means temperatures cannot
be maintained, oversizing
results in low efficiencies.
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room.
BOILERSZING

The process used to determine
the fabric and ventilation heat
loss rate for the individual room
must berepeated for all rooms. I
an indirect heating system is
being used. The source of heat,
usually aboiler, must be ableto supply thetotal heating
requirement of the heat emittersin all the rooms. For
the four roomed house shown in figure IP4 it can be
seen that the boiler power needs to be 3.3kW. If hot
water is to be derived from this boiler an alowance
(typically 3kwW) must also be added for this purpose.

Heat | oss rate

500W

300W<i
/

Boiler power 3.3kW

Heat emitter output

Figure 1P4. Heat losses from room counteracted by
appropriately sized heat emitters

In large buildings where the heat output of the boilers
ismeasured in hundreds of kilowattsamultiple system
of boilersmust be used (section 1.2.1) to maintain high
operating efficiencies.



rate of theroom in which they are situated (seelP4). In
large rooms the radiator output should be split and
more than one radiator used. This will distribute the
heat more evenly throughout the room.

Flow Return
connection connection

o 2

<

Single panel - heat output 900W

Pressed steel corrugated plate welded to
radiator panel

=\ /N /N N N NCA

Single convector - heat output 1300W

BV /NN A

Double panel with single convector -
heat output 1900W

YA A A AAT

<

Double convector - heat output 2400W

Figure 1.15 Radiator patterns - plan views
COMMERCIALHEATEMITTERS

Aswith domestic buildings, radiators are used in com-

mercial buildings but in addition, a wide range of
other heat emitters are encountered.

Low Surface Temperature(L ST) Radiator. Thisisa
radiator which is encased to prevent touching of the
hot surfaces (figure 1.16). A top grille allows heat to
leave the unit. LST radiators are suitable where high
surface temperatures could cause burning. Examples
are aged persons homes or nursery schools.

Grille to facilitate heat output

T~
[~
\X

Casing prevents contact with
hot radiator surface

Figure 1.16 Low surface temperature radiator
Perimeter Radiator . Thisradiator isconstructed from

atube which has had fins added to increaseits surface
areafor heat output (figure 1.17).

Fins increase surface area for
heat output

N

Figure 1.17 Perimeter radiator



1T tabs on energy efficiency

Home energy ratings

ST EMOENCY OF hidieil Can Al nes dwaellings and ConAErie
b summrarssd by a Home Er L= ] egred by Build ng r'l\.'_?l.'ll D
Raning, The Government’s procedure for a SAF rating, SAF can ak
icubyting home energy raongs is the rate existing homes and t
hird AgnEryment Procedure (SAF
1| ess 100 — gha Bighaar

iy sy

aAF racings can b ol nes
panismcons suthorised b

it

wiien SAF certilicates

There is currentcly no g

syscem for non-domestic bu

though a nher ol

exiit Fuaf can fmodel e pEmrmser v
d energy flows in these buildings

The BREEAM raump system inchades

nergy performance among ot

Further information

lormation on building-related snergy-eficiency
ndidures B vailisle ram the enargy EMciency Basr L -
Fracrioe propearnime on thee E 311 Tl -.!!"'I.-::h‘ DL

& DB SEET04 ENERGY EFFICANLY




The unit may only be 150mm high but it is long in
length. Perimeter radiatorsare typically used a ong the
entire outer edge of highly glazed spaces. Here their
heat output counteracts cold down draughts from the
glazing. Itslow height makesit unobtrusive. A modifi-
cation of perimeter heating is to recess the radiator
into the floor depth and cover it with agrilletoforma
perimeter convector heater.

Convector Heater. Convector heatersare constructed
fromacabinet inwhich thereisafinned coil heated by
water flowing through it from the heating system (fig-
ure 1.18). Air inside the casing is heated by contact
with the heating coil causing it to rise up through the
convector and out of the upper grilleto heat the room.
The convection current carries on this cycle by draw-
ing cool room air into the cabinet viathelower grille. A
filter behind theinlet grille removes dust from the air-
Stream.

Warm air out

Hot water flow and
return connections

Cool room air in

Figure 1.18 Convector heater

The heat output of the unit can be increased and the
time taken to heat the room reduced by fitting a fan
into the casing to drive the circulation of air through
the heater. The heater is then known as a fan convec-
tor. Fan noise can beaproblem in some quiet locations
but heat output can be regulated more effectively by
switching the fan on and off as required.
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Radiant Panel. These heat emitters are composed of
copper tubes welded onto metal plates (figure 1.19).
Flexible connectors are then used to connect a series
of these plates together. The panels, which in offices
areperforated and painted, are hung to form part of the
suspended ceiling. Water from the heating system is
passed through the tubing causing the temperature of
the panelsto increase. The space below isthen heated
by convection and radiation.

Radiant panel

Insulation

Heating system

flow pipes

Figure 1.19 Radiant panel

l

Heat output

The advantages of radiant panels is that they do not
take up any wall space and their heat output will not
be affected by furniture such asfiling cabinets or desks
pushed up against walls.

Underfloor Heating. This method utilises the entire
floor, and sometimes the walls, of a room as a heat
emitter (figure 1.20). Water from the heating systemis
passed through polymer pipes embedded in the floor
screed. Theflow temperature, at approximately 24°C, is
much lower than for other types of heat emitter. Thisis
possible because of the large surface area created by
utilising the floor for heat output. Thisisin contrast to
the smaller but hotter surface area of aradiator.

There are many benefitsfrom using an underfloor heat-
ing system. These are;

Wall spaceis not taken up by heat emitters.

large spaceswhich are difficult to heat evenly
from perimeter heat emitters can be uniformly heated.
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Human thermal comfort isdetermined by theway indi-
viduals perceive the temperature of their environment
i.eisittoo hot or too cold. This perception dependson
personal preferences. As a result, within a group of
people in the same room, some will feel comfortable,
some too hot and some too cold. Building profession-
as must use their knowledge of the building fabric,
heating services and human physiology to ensure that
the majority of peoplein a

Activity M etabolic Heat Output (W)
Sedentary 100
Active (light work) 150
Very Active 250

Secondly, additional heat |oss arises due to evapora-
tion of moisturefrom thelungsand skin. Latent heat is
absorbed (see IP6) which

space are satisfied with the
temperature. Thereare some
serious health concerns in
buildings (see 1P10). But
lack of thermal comfortisa
chronic problem which af -
fects many people in badly ildi
designed buildings. bwldmgs

THERMAL COMFORT

To be comfortable aperson requires astable core body
temperature of 37.5°C. To achieve stability any heat
inputs to the body must be balanced by a heat output.
Extra heat input or reduced heat losses will cause the
subject to feel warmer. Extraheat loss or reduced heat
gains causes the subject to feel colder. Heat gains to
and losses from the body areillustrated in figure IP5.
Convectiveheat gainsand lossesare crested whenwarm
air moves into or out of contact with the body
respectively. Convective heat transfers are strongly
dependent on air movement around the body. Conduc-
tive heat gains and losses occur due to body contact
with hot or cold surfaces respectively. Since normal
contact with room surfacesis restricted to the soles of
the feet this does not constitute a major component.
Radiative heat gains and losses occur when a person
is positioned next to a warm or cold surface respec-
tively. The human body is very sensitive to radiant
energy and so this component has a strong affect on
comfort. In addition to the three basic forms of heat
transfer there aretwo othersrel ated to the human body.
Thefirst is heat gain by the body due to metabolism.
The body burns food to grow, repair itself and cause
movement. A by-product is heat. The amount of heat
gained by the body is substantial and increases with
thelevel of activity. Thisisillustrated in thefollowing
table.

Lack of thermal comfort is a
chronic problem which
affects many people in
badly designed or serviced
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cools the body. This cooling
effectisincreasedindry (low
RH) environments. In high
relative humidity environ-
ments evaporation is sup-
pressed. The space is then
commonly referred to as
being hot and "humid".

Heat gans Heat losses

Metabolism Evaporation

Rad ation Radiation

Corvection

—+—» Convection

Conduction Conduction

Figure IP5 Balance of body heat gains and losses
FACTORSAFFECTING THERMAL COMFORT

Anything which changes the balance of heat inputs
and outputswill affect thermal comfort. For example, if
air temperaturesrise heat gainswill increase. Turning
on afan in response causes air movement increasing
heat losses. This returns the body to thermal balance
and comfort. Thebody itself isvery effective at thermo-
regulation e.g raising hairsfor insulation, shivering for
metabolic heating, variable skin blood flow to regulate
body heat loss and sweating to cool evaporatively.
Other variablesare;

Amount of clothing (insulation)
Temperature gradients (differential losses)
Average surface temperature (radiant transfers)
Relative humidity (evaporation)



Thermal gradientsdecrease from foot to head
improving thermal comfort and reducing the risk of
stratification.

The low flow temperatures utilised in under-
floor heating makes them ideal for use with condens-
ing boilers(section 1.2.1). Thelow return temperatures
will increase the tendency of the boiler to operate in
condensing mode.

top of the cylinder to form an integral unit. Since the
feed water tank isopentotheair thesystemisreferred
to as a vented or non sealed system. The benefits of
indirect water hesting are that the central heating boiler
performstwo functions (space and water heating) and
that thereisastored volume of hot water ready to meet
peak demands.

Feed tank From COld
main
Flow N
Return l Hot water out
Floor (0 taps
covering Insulation
Cold
Floor feed |
scree options <
vented : Flow from
or ~ boiler
unvented | _Calorifier
H coil
Pressure :
vessel :
. Polypropylene :
Insulation pipes : Cold v >
Structural slab T » Return to
From cold | boiler
main

Figure 1.20 Underfloor heating system

1.5 Domestic Hot Water

Hot water is obtained from domestic central heating
systems in two ways. Firstly, by the use of indirect
cylinders which draw some of the heat away from the
heating circuit to provide hot water. The second isto
use combination ("combi") boilerswhich generate hot
water instantaneously asit is required.

Indirect Cylinder. Some of the heated water flowing
through the heating circuit is diverted, using a three
way valve, through a calorifier within the hot water
cylinder (figure 1.21). Thecaorifier isessentialy acoil
of copper tube through which the heating system wa-
ter flows. Heat transfer from the cal orifier warmsup the
cold water held in the cylinder. The heated water rises
to the top of the tank where it is drawn off to the taps.
The cold feed, which entersat the base of the cylinder,
isfrom amains fed tank which is often built in to the
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Figure 1.21 Indirect dhw cylinder

Unvented indirect cylinder sare similar to the system
described above in that a calorifier fed from the wet
heating system is used to heat a stored volume of wa-
ter. The differenceisthat the cold feed isfrom adirect
connection to the cold main instead of from atank. As
aresult hot water from the cylinder isfed to the taps at
mains pressure. This gives a greater flow rate than a
tank fed system. Since thereis no opening in the sys-
temto theair it isknown as a sealed or unvented sys-
tem. Two of the benefits of this systemsare that show-
ers can be successfully fed from them and that the
plumbing necessary for afeed tank is not required.

When water isheated it expands. Theincreasein pres-
sure caused by thiswould damage an unvented system
since the pressure cannot be released. Because of this
unvented hot water storage systems are fitted with a
small expansion vessel to take up the extra volume of
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THERMAL CAPACITY

Thermal capacity isameasure of the ability of amate-
rial to absorb heat. It isusually specified in termsof the
specific heat capacity of themateria. Thisistheamount
of heat, measured in Joules (see | P2), that onekilogram
of the material must absorb to raise itstemperature by
1°C. The units of specific heat capacity are Jkg/°C.

For exampl e the specific heat capacity of water is4200
Jkg/°C, of air is993Jkg/°C and of stoneis 3300Jkg/°C.
It can be seen that per kilogram stone has a much
greater heat carrying capacity than air and that water
has a higher heat carrying capacity than stone. This
has consequences for the building services industry.
Air cannot carry asmuch heat per unit volume aswater.
As a consequence heat distribution systems which
useair must be much larger than hydronic distribution
systems to carry the greater volumes required. The
relatively highthermal capacity of dense materialssuch
as stone is used for thermal storage. One example is
the use of specia blocks in electric storage heaters
(section3.1).

SENSI BLEANDLATENT HEAT

Sensible heat and latent heat are both forms of thermal
energy. The difference in name arises as a result of
what happensto amaterial when thethermal energy is
being absorbed.

The absorption of L atent heat causesachange of state.
One example is the absorption of the latent heat of
vaporisation by water to change it from aliquid to a
gas (water vapour). It should be noted that a substance
gives out latent heat when the phase change is
reversed. For example the latent heat absorbed by a
refrigerant in the evaporator coil of a vapour
compression chiller is released once more when the
refrigerant condenses in the condenser.

Absorption of sensible heat causes an increase in the
temperature of the object. The amount by which the
temperature rises depends on the amount of energy
absorbed, the mass of the material and its specific heat
capacity (see above). Sensible energy is released by
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the object as it coals.
Sensibleand latent heat are best illustrated using water
asanexample.

Figure 1P6 showswhat happensif alkg block of iceat
0°Cisplaced in abeaker over aBunsen burner. Theice
absorbs heat from the flame but its temperature does
not increase instead it changes state, it beginsto melt.
The heat absorbed is called the latent heat of fusion
(units Jkg). When completely melted, further heat input
causesthetemperature of thewater to rise. Thethermal
energy now being absorbed is called sensible heat.
Thetemperaturerise continuesuntil 100°C isreached.
At this point the temperature once again stabilises and
asecond change of state occurs. Thistime from liquid
to vapour. The heat absorbed is called the latent heat
of vaporisation. This continues until all the liquid is
converted to vapour.

Latent heat of Latent heat of
liquifaction vaporisation
Sensible Heat
335Kk]J 420k] % 2260kJ
100[~ = —
~ |Ice Water Water and| Steam
8/ and steam
% watet|
<
o
=Y
g
F
0

Energy Input (not to scale)
Figure IP6: Heating of ice

Consideration of figure IP6 shows some interesting
features. Thefirst isthat substantially more energy is
required for the phase change from water at 100°C to
steam than for the heating from 0to 100°C. Thismeans
that steam at 100°C containsfar more energy than water
at thistemperature. Thisiswhy steam is a useful heat
transfer medium. It contains a lot of energy so
distribution pipes can be kept small whilst transferring
large amounts of heat to the heat emitters. It is also
dangerous. If steam escapes and condenses onto
human skin all of the latent hest of vaporisation is re
released which can cause severe burns.



water created by heating.

Energy issues. In summer the low loads encountered
by a central heating boiler required to generate hot
water only leads to reduced boiler efficiency. It is
thereforerecommended that indirect cylindersare used
in conjunction with acondensing boiler (section 1.2.1).
The cylinder itself must be well insulated to reduce
heat loss from the stored hot water. These heat |osses
are known as standing heat losses. The aternative
approach to energy efficiency isto use a stand alone
direct water heater (section 3.3)

Combi Boiler. A combi boiler isacombustion device
which hastwo heat exchangers, onefor the space heat-
ing system and one for the domestic hot water (figure
1.22). Cold water isfed into the unit directly from the
mains. Turning on the hot tap allows cold mainswater
to flow through the boiler which in turn causes the
burner to fire. Hot water is therefore generated as
needed. There is little or no stored volume of water.
The casing of the boiler also houses pumps, controls
and a pressure vessel. A pressure vessel is required
since the system is sealed and provision has to be
made for the increase in pressure that occurs as water
in the system is heated.

| |
Hot water dhw heat
exchanger

=

totaps i/’
Cold water

from mang

| Heating circuit
heat exchanger

Returnto
boiler

How from
boiler

A4

Figure 1.22 Combination boiler

One of the magjor benefits of this system is that it is
simpler and less costly toinstall asthefeed and expan-
siontank, indirect cylinder and cold water storage tank
arenot required. Thiscan be seen by comparing figure
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1.23 which shows acombination boiler heating system
with figure 1.1 which shows an open vented heating
systemwith indirect cylinder.

Combi boiler Heat Emitters
| Y
— Hot tap
- T ]
2 <— v
Cold feed Pump
from mains

Figure 1.23 Combination boiler heating system
DHW FOR COMMERCIAL BUILDINGS.

Hot water in commercia buildingscan be provided by
indirect cylinders as discussed previously. The cylin-
ders are however much bigger due to the increased
demand for hot water experienced in larger buildings
and are often referred to ascalorifiers. Another method
of dhw production is to replace the indirect cylinder
with awater to water plate heat exchanger. The source
of heat is still the indirect heating system.

Water towater plate heat exchanger sarebuilt from
layersof convoluted thin plates (figures 1.24 and 1.25).
Alternate voids created by the plates carry heating
circuit and dhw flows respectively. Heat istransferred
from the heating circuit flow to the dhw flow by con-
duction across the thin metal separating them. This
process is fast enough to produce hot water instanta
neously.

Plate heat exchangers have a number of advantages
over storage systems;

There are no standing heat losses since there
is no stored volume of water to cool down
overnight or at weekends.

L egionnaires disease can arisewherewater is
aI lowed to stand at the incubation temperature of the
legionellabacteria. Since standing water iseliminated
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Building services can represent 50% of the cost of a
highly serviced building and take up to 30% of itsfloor
area. This brings the importance of building services
in the construction process clearly into view. It also
illustratesthe need for early all ocation of spacefor and
planning of building services. The main elements
involved are plantrooms and horizontal and vertical
service runs. Space allocation must take into
consideration the need for adequate space and access
for servicing and, if it is felt necessary, provision for
flexibility and future

on the heating or air conditioning system. Reducing
the need for heating or air conditioning by using low
energy design principleswill cut down on the need for
energy consuming plant and therefore on the space
required to accommodateit.

At the early design stage rules of thumb will be
sufficient to make an initial allocation of space. (see
BSRIA Technical Note TN 17/95: Rules of Thumb,
BSRIA 1995). Thisfigure can berefined at alater stage
when exact detailsare known.

developments. Service
runs permeate throughout
the entire height, length
and width of a building
therefore, any building
services designs must be
made with due regard for
the structure. Integration
of serviceswith the struc-
ture is an important

area

element in the bui | di Ny 1

design process.

Thisinformation panel does not have enough spaceto
cover this subject in depth, but three main issues
relating to the planning of services can be highlighted.
These are space, location and distribution.

SPACE FOR SERVICES

There are many types of building and each one will
haveadifferent servicing requirement. Evenwithin simi-
lar building types there are arange of solutions avail-
able. One exampleis office buildings that can befully
air conditioned, naturally ventilated or operate with
both systems (mixed mode). The obvious rule is that
the greater the need for building servicesthe greater is
the need for space to accommodate them. So for
exampleasimplenaturally ventilated heated office will
devote 4-5% of its total floor space to plant whereas
for aspeculative air conditioned office thiswill riseto
6-9%. Highly serviced buil dings such as sports centres
with leisure pools may need to allocate 15-30% of the
total floor areato services. For an individual building
the final determinant of space requirement is the load

Building Services can
represent 50% of the cost
of a highly serviced building
and take up 30% of its floor
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Having arrived at a figure the
space can be concentrated in
one place which is usual for
small to medium sized
buildings. The possibility of
dividing the space up and
spreading it through the
building dependsonthelayout
of the building. If the building
coversalarge areathen it may
be economical to have smaller
but more numerous plantrooms distributed through-
out the site each satisfying individual zonesor sections
of the building. The advantageisthat distribution runs
are kept short and pipe and duct diameters can be
smaller to reflect the reduced floor areas served.

LOCATION

Plantrooms can be located anywhere in the building
but noise considerations, weight of equipment to be
accommodated and ease of access for maintenance
means that plantrooms containing heavy equipment
such as boilers and chillers tend to be located on the
ground floor or basement. However, modern low water
content boilers (e.g. Hamworthy Wessex)are designed
to be light for roof top installation. Air handling units
are lightweight but bulky. This means they can be
accommodated on rooftops where they are not taking
up lettable space and structural requirements are not
critical. Therooftop isauseful location for takinginair
which is generally fresher than at ground level. The
rooftop al so givesthe cooling system condenser access
to the outside air for waste heat rejection.

Continued on page 32



with plate heat exchangers the possibility of infection
is avoided.

Plate heat exchangers are physically much
smaller than indirect cylinders. Thismakesthem useful
where spaceislimited.

Hot water
to taps \(
Return water ‘ Boiler flow
from taps \ » %
[~ e
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Figure 1.24 Water to water plate heat exchanger
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Figure 1.25 Cross sectional diagram of a plate heat
exchanger

Since there is no stored hot water, which is used to
satisfy demand at times of peak usage, the heat ex-
changer must be sized to satisfy the peak hot water
demand of the building.

DHW DISTRIBUTION

A significant difference between domestic and com-
mercial dhw systemsistheway inwhich the hot water
isdistributed to the taps. In domestic propertiesasin-
gle pipe directswater from the cylinder to thetap. In
combi systemsthe energy to do thiscomesfrom mains
pressure. In indirect cylinder systems the water is
moved by gravity. Both of these mechanisms are ad-
equate because the pipe lengths are small. In large
buildings, however, the pipe lengths become longer
due to the large distances between hot water produc-
tion and use. Standing heat losses from these long
pipes would cool the water in them and result in tepid
water being drawn off from remote taps. Running off
this tepid water until hot water was obtained and the
heat |ost from the pipes themselves wastes energy. To
ensure that hot water is always available at the tap
they are usually supplied from a secondary hot water
loop (figure 1.26). A secondary dhw pump continually
circulateshot water from the cylinder or heat exchanger
around this circuit. As aresult hot water is always
available at the taps. Pipe insulation ensures heat lost
from the pipesisminimised (seelP1).

Indjrect @
cylinder Secondary

dhw pump
——
boiler =
flow Tap
—_—
boiler
return

Figure 1.26 Secondary dhw circuit
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From page 30
DISTRIBUTION

There are a number of services which may require
distribution throughout a building. Theseinclude; hot
and chilled water, potable water, electrical power and
lighting, control cabling, conditioned air,
communi cations cables and fire systems cabling. Teking
heating as an example hot water is generated in the
plantroom by the boilers. It must then be distributed to
the heat emittersin each room. Finally, water which has
had its heat removed must be returned to the plantroom
for re heating. It can be seen that vertical runs of pipe
are required to carry heated water to each floor.
Horizontal runs of pipe are required to distribute the
hot water to each heat emitter. In domestic buildings
vertical pipes are surface mounted and boxed in for
cover. Horizontal runs are made between joists and
under thefloorboards. In commercia buildingsvertica
service shafts are required. Horizontal distribution
usually takes place under araised floor system or above

Expansion vessels
(unvented dhw system)

dhw flow pipe

Water heater
(Dorchester
direct fired)

Top to bottom
recirculation

pipe

Cold water feed
pipe
dhw return
pipe

Atmospheric
Gas burner

Figure IP7. Some of the components found in a typical heating plantroom

photo: Hamworthy Heating Ltd.

Fluefrom water heater

a suspended ceiling.

Ducting is the most difficult system to accommodate
since it has a much larger cross sectional area than
water pipes. This is especially so close to the air
handling unit where the ducting must carry all the con-
ditioned air for each space. The cross sectional area
reduces the further away from the air handling unit
you are asthe conditioned air is progressively divided
off into successive spaces.

Servicerunsshould preferably belinear. Thisprovides
economy of installation and operation. A change of
direction in ductiong or pipework requires additional
components and fabrication. Bends and junctions of -
fer greater resistenceto fluid flow. Asaresult alarger
and therefore greater energy consuming pump or fan
would berequired.

Flue header
Draught diverter
Expansion

vessel (heat-
ing system)

Pressurisation
unit
(Portland)

Multiple boilers (Purewell cast
iron, atmospheric boilers)



1.6 Controls

Controls are required to ensure that the heating system
operates safely, efficiently and provides comfort for the
building occupants. Figure 1.27 shows atypical arrange-
ment of controlsfor adomestic central heating system. It
is comprised of the following components.

Cylinder
thermostat
Room
thermostat Thermostatic

Programmer

radiator valve
Three \@
port valve /

Figure 1.27 Domestic heating controls

Room Thermostat. |sadevicewhich controlsroom tem-
peratures. Control ismadein relation to apreferred tem-
perature setting made on the thermostat by the occu-
pant. Thethermostat isin fact aswitch opened and closed
as the room temperature rises above or falls below the
temperature setting respectively.

The thermostat should be positioned in a representative
room such as the living room at standing chest height
away from sources of heat such as direct sunlight. This
meansit will accurately sensetheair temperature experi-
enced by an occupant in the room. When the thermostat
switchisclosed, current can flow throughit. Thisisinter-
preted by the boiler asacall for heat. The boiler will fire,
the pump will run and the three way valvewill direct hot
water to the radiators. When the room temperature rises
above the preferred temperature setting, changes within
the thermostat either electronically sensed or due to the
differential expansion of metal inabi metallic strip cause
the thermostat switch to open. As a result the control
current will stop and the boiler and the pump will switch
off. It can be seen therefore that room temperatures are
controlled by stopping and starting the flow of heat into
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theroom asrequired.

Programmer. Thisisatime switch that determines
thetimes within which the heating will respond to a
call for heat from theroom thermostat. The start and
stop times between whi ch the heating will beallowed
to operate are entered into the programmer. For ex-
ample, heating may bereguired from 07:00t0 08:30in
themorning then 17:00to 23:30intheevening. Mod-
ern microprocessor controlled programmers allow
multiple daily heating periods and the ahility to pro-
gramme each day of the week with adifferent heat-
ing programme. An example is that the first "on"
period at the weekend may start at 8:00 and end at
12:00 to reflect the fact that the occupant is not in
work on that day.

Cylinder thermostat. Thisisatemperature control-
led switch similar totheroom thermostat. The differ-
enceisthat it isclamped on to the indirect cylinder
and therefore senses and controls the temperature
of the dhw. When the switch is closed and therefore
callingfor heat, thethreeway valvewill beinstructed
to divert boiler flow through the calorifier in the cyl-
inder. Thiswill causethe temperature of thewater in
the cylinder to rise. When the temperature reaches
the setting on the thermostat the switch will open.
The three way valve will then direct the flow away
from the cylinder and back to the heating circuit.

Thermogtatic Radiator Valve(TRV). Thisisavalve
(section 1.7) fitted to theinlet of theradiator. Gasin
the TRV head (figure 1.28) expandswith temperature
and pushes a gate downwards blocking the inlet
flow. Thiswill restrict or even stop the flow of heat
into theradiator. The heat output will then be reduced

Gas expands as temperature

increases

— ||

Gas filled Bdows

\ 4

Figure 1.28 Thermostatic radiator valve
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The Landis & Staefa Division of Siemens Building Technologies
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causing the room to begin to cool. As it does so the
gasin the TRV head will contract and the valve will
open up once more. TRV'sallow room by room control
of temperatures to be achieved. They are particularly
useful in south facing rooms and rooms subject to
casual heat gains, giving an extralayer of control be-
yond the single room thermostat.

CONTROLSFOR COMMERCIAL BUILDINGS

Largebuildings cannot be controlled effectively using
domestic control systems. The components must be
scaled up and certain refinements madeto provide ad-
equate control. Thedifficultiesencountered in heating
control in large buildings arise due to their; thermal
sluggishness, different heat loads/gains and differ-
encesin hours of usage of spaces. Both time and tem-
perature control require consideration.

Optimum start controller. Time control in domestic
buildingsis adequately carried out using the fixed on/
off time controller described previously. This is be-
cause even on cold daysthetimetaken for the mgjority
of domestic buildingsto warm up to comfortable tem-
peratures is unlikely to be more than thirty minutes.
This period when the building is warming up to the
occupancy temperature setting is known as the pre
heat period. Inlarge buildings the pre heat period will
be considerably longer dueto thethermal inertiaof the
structure of the building and the heating system itself.
Thepre-heat period isalso variable. Itislonger inwin-
ter than in spring and autumn because the building
cools more during the night. This means afixed start
and stop time would be wasteful. Thisisillustrated in
figure 1.29. It can be seen that on a cold night the
heating must come on at 1.0 am. to heat the building
up to adequate level s by the start of occupancy at 8.00
am. If thisfixed on timeisretained onamild night then
the building is raised to the occupancy temperature at
5:30 am. Thisis two and a half hours prior to occu-
pancy and so is wasteful.

To overcome this problem an optimum start control ler
isused. Thisisadeviceinto which the operator inputs
the times of the beginning and end of occupancy, say
8.00 amand 5.00 pm. The optimum start controller then
monitors inside and outside temperatures, combines
thiswith aknowledge of thethermal inertiaof the build-
ing and asaresult determinesat which timeto activate
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the heating in the morning to achievethe desired inter-
nal temperatures by the start of occupancy. In the
above exampl e the optimum start controller would de-
lay the onset of heating until 3:30 am. Thereby saving
twoand ahalf hoursof heating which for alarge build-
ing represents a significant saving in fuel costs.
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fixed cold start
------------- fixed mild start
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Figure 1.29 Graph of room temperature against time
of day showing the benefits of optimum starting

Themost difficult parameter to determinefor the effec-
tive operation of the deviceisthethermal inertiaof the
building. Initial estimates of thismay need to be modi-
fied during the commissioning stage to achieve accu-
rate performance. Some devices monitor their own per-
formance and carry out this adjustment automatically.
They are known as self learning optimisers.

Compensated temper atur econtrol. Temperature con-
trol isachieved in domestic buildingsby simply switch-
ing on and off the flow of heat to the radiators. When
the desired room temperature is achieved the boiler
will be switched off and after a short run on period, to
dissipate residual heat, so will the pump. This is not
practical inlarge buildings because of thethermal iner-
tiaof thelarge volume of water circulating in the heat-
ing system. Swings in temperature about the set point
would be too great as the water in the heating system
wasaternately heated and cooled. Instead, large build-
ings do not switch on and off the flow of heat to the
building but modulateit up or down asthe demand for
heating goes up or down. This process is achieved
using acompensated flow circuit.

Compensated flow circuits vary the boiler flow tem-
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perature in response to changes in outside air tem-
perature.

Figure 1.30illustratesthe principle. Thegraphisknown
asacompensated flow curve. Moving fromright to left
on the graph, it can be seen that as the outside tem-
peratureincreasesthetemperature of theboiler flow is
progressively decreased. At 16°C outside air tempera-
ture the boiler flow temperature is equal to ambient
conditions. In effect the heating is switched off . This
temperature is known as the outside air cut off tem-
perature. At thistemperature no mechanical heatingis
required since 6°C worth of heating can be achieved
from casua gains in the building from passive solar
energy, body heat, lighting and appliances.

Different curves
allow adjustment
for different
thermal response

80y buildings \

f=)

N
=

8]
f=]

Boiler flow temp. (°C)

20 -20

0
Outside Air Temperature (°C)

Figure 1.30 Compensation curves

Theadjustment in flow temperaturesis achieved using
avariabletemperature (VT) heating circuit. How thisis
achievedisillustrated infigure 1.31 and | P8. The boiler
produces hot water for the constant temperature (CT)
circuit at 80°C. Using athreeway valve aproportion of
this hot water is allowed to pass into the heating cir-
cuit. When the demand for heat is high such as on a
cold day more hot water will be allowed into the heat-
ing circuit. On amild day less heated water would be
allowed into the heating circuit. Theradiator tempera-
tureswill therefore be hotter on acold day than amild
one
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Figure 1.31 Variable temperature flow circuit

ZONING

In large buildings some spaces may need heating and
some may not. Differing heating demands within the
same building occur for two primary reasons, these
are; differences in heat gains and differences in
occupancy patterns (hours of use).

For example, south facing roomswill experience solar
gains and the heating effect may be sufficient to re-
move the need for mechanical heating. In this situa-
tion the heating to the south side of the building should
be shut off. Heating will still berequiredin northfacing
rooms. It can be seen then that the building can be
split along an east/west axisinto two zones one facing
north and the other facing south. Further zones can be
identified such as those subject to other heat gains.
For example, rooms with high occupancy levels or
where extensive use of computersis being made.

Individual room by room control of the south side of a
building can be achieved using thermostatic radiator
valves. Anadlternative method of zoning, whichismore
appropriate to larger buildings, is to install separate
pumps and flow and return pipe work to supply each
zone. A motorised valve, zonetemperature sensorsand
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an appropriate control system are required to control
the flow of heat into each zone. Asaresult thereisa
capital cost associated with zoning a building. How-
ever, these additional costswill be recouped over time
in the value of energy savings made. There are also
additional benefitsto zoning abuilding such asgreater
degree of temperature control leading to improved ther-
mal comfort and greater productivity of staff.

Separate heating circuits can also be used to cater for
differential  occupancy of spaces within a building.
One example is in the case of a school which holds
night classes. Rather than heat the whole school for
this event the school should be zoned and heating can
then be supplied to the night school block only.

If the use of parts of buildings are being charged for
separately heat meters can be fitted to each heating
zone pipework. These meters monitor how much heat
isbeing taken by the zonefrom the central boiler plant.
Knowledge of this alows accurate costing of out of
hours use of spaces to be made

BUILDING ENERGY MANAGEMENT SYSTEMS
(BEMS

All of the control functions discussed previously in-
cluding boiler step control, optimisation, compensa-
tion and zoning can be carried out using a building
energy management system (BEMS). A BEM Sisacom-
puter based heating, ventilation and air conditioning
control system which offersagreat deal of flexibility in
the way it is set up and operated. It also offers the
possibility of close interaction between the operator
and the building services systems. The main compo-
nents of aBEM S are shown in figure 1.32 and are de-
scribed bel ow.

Outstationsaresmall computers. Unlike dedicated hard
wired controllers which only control the functionsfor
which they have been purchased outstations are flex-
ible in what they can do. The outstation can be pro-
grammed to perform any or al of the above control
functions. The outstation receives information about
what is happening to the heating system and the build-
ing from sensors. The programme which decideswhat
this information means and what to do as a conse-
quenceiscalled acontrol strategy. A smpleexampleis
if the room temperatures are below the required tem-
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perature setting known as the set point. Temperature
sensors will signal this to the outstation. Using the
logic contained in the control strategy the outstation
will send signals to actuators to make the boiler fire
and pumps operate to supply heat to the room. The
control strategy refers to other rules before carrying
thisout for example heating will only be suppliedif the
time iswithin the occupancy or pre heat period.

hard wired network
to other outstations
on same site

inputs
modem link
to otker sites sensors
i telephone /
. link
) \ |
/—\ 1 actuators
Supervisor modem Qutstation ’%
outputs

Figure 1.32 Building energy management system
components

Sensor s are the input devices for the outstation. They
are transducers which convert aphysical state into an
electrical signal. There are two main types; analogue
sensors and digital sensors. Analogue sensors return
avarying signal to the outstation. For example, asig-
nal intherange 0 to 5 voltsfrom atemperature sensor
can be set to represent the temperature range 0 to 25°C.

A digital signal can only take one of two values for
example 0 volts or 5 volts. Such a signal can be sent
from a switch to represent it being opened or closed.
Sofor exampleif aboiler wasfiringa5V signal would
be returned if it had failed then a OV signal would be
returned.

Actuator slike sensors can be either analogue or dig-
ital. They are deviceswhichturn electrical signalsinto
physical actions using motors or solenoids. An exam-
ple of an anal ogue actuator is one which setsthe posi-
tion of amotorised valve. Theelectrical signal toit may
vary between 0 and 5V this corresponds to the fully
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shut and fully open positions. Hence asignal of 2.5V
would cause the valve to be half open.

A digital signal can be used to open or close a sole-
noid. For example changing the signal to apump from
0to 5V causes a pump to operate returning the signal
to OV causesit to stop.

The supervisor alows human operators to interface
with the system. It is a standard personal computer
which is loaded with the necessary software to inter-
act with the outstations. The supervisor can be used
to programme the outstation with its control strategy.
Once this is achieved it is possible to visualise on
screen dl of theinformation availableto the outstation.
So for example room temperatures, the status of boil-
ers, pumps and other equipment such as the position
of valves or dampers can all be displayed. This
information id displayed graphically so that their inter-
pretation iseasily understood with only asmall amount
of training.

The system constantly upgrades the information it
presents and also stores data at the outstation for later
inspection. For example, room temperatures over the
last 24 hours can be displayed graphically. Thisis a
most useful tool for diagnosing faults and commis-
sioning the heating system following installation. The
supervisor isalso used to set variables. One example
istheinputting of room temperature set points.

Buildingsfitted with aBEM S have been found to have
low energy consumptions. There are anumber of rea
sons for this. The first is the accuracy of control that
can be achieved. The second is the ability of the sys-
tem to signal heating system faults which may other-
wise go undetected causing excessive energy usage.
Finally, monitoring and management of energy
consumptions is also facilitated by fitting sensors on
to the utility meters. This alows logging of energy
consumptions which can then be used to prepare re-
ports and note excessive consumptions.

One supervisor can be used to control the operation of
many outstations. The supervisor will be located in
the office of the energy or building manager. It can
communicate with various outstations using the tel-
ephone system and network cabling on site. Thiscom-
munication isnot limited to outstationsand other BEMS
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systems. Itisalso possibleto communicate with other
control systemsin buildings. For exampleitispossible
to integrate BEM S systems with security systems. So
for example access to spaces using key cards can be
monitored. Whenitisknownthat all people haveleft a
space the heating can be turned off or turned down to
aset back position. Communication can a so occur be-
tween BEMS and fire systems. Ventilation systems
which would cause spread of smoke can be closed by
dampersin the event of fire being detected and smoke
clearance fans can be turned on.

1.7 Valves

Vaves havearolein the commissioning, operation and
maintenance of wet indirect heating systems. Incom-
missioning, valves are used to balance the flow of wa-
ter around the distribution and heat emitter network, in
operation, valves are used to direct and control the
extent of heat output and finally, in maintenance, valves
areused toisolatefail ed sections of pipework and com-
ponents for repair. These roles are achieved using the
way that valvesmodify theflow of water in pipes. There
are many different types of valve. The following sec-
tion describesthethree val ve functions associated with
flow modification and gives an example of a specific
valve type used to carry out each one. These valves
areillustrated infigure 1.33.

Thefirst functionisto stop the flow of water
completely. These valves, also referred to asisolating
valves, arefitted on both sides of components such as
pumps. The valve, when closed, stopsthe flow of wa
ter so that the pump can be removed for repair without
having to drain down the entire system.

One type of isolation valve is the globe valve. Water
normally flowsthrough agap in the valve body. Turn-
ing athreaded rod by hand or by a motorised actuator
causes a plug on the end of the rod to block the gap in
the valve body stopping the flow.

The second functionisto regulate theflow of
water between full flow and no flow. If the water is
heated the amount of heat delivered to a heat emitter
can be varied by varying the flow of water. Thermo-
static radiator valves (section 1.6) work in thisway.
Onetype of flow regulating valveisthe butterfly valve.



'y
BELIMO

Simply the best way to drive a valve!

Mixing actuators and motonzed Linear actuators and lift type
ball valves for HVAC water circuits globe valves for HYAC water circuits

Benefits of Characterised Control Valves

Belima _l:‘a" True, equal percentage valve charactenshc
valve with an cuUrve

innovative

characterising Mo initial surge upon opening

disc )
Excellent control stabilty

Performance comparable to a globe valve of
similar size

Reqguires. fewer pipe reductions

. Better partial load behaviour and prevention of
- the systems tendancy to oscillate giving higher
control stability

The Super Compact Control Valve

Combining the very latest in actuator design with innovative valve
technology has produced a true full funchion control device - made
possible by Belimo's intelligent linear actuator. The new type of
control gives the Super Compact control valve access to the
applications of the classic flanged control valve - offering all the
same advantages but without the usual bulkiness and weight.

Belimo Automation UK Lid

The Lien Canbre TEL: 030 8755 4411
Harnpéan Foad Wesi FAX: 020 8755 4042
Faltham E-MAIL: bl s babo, co uk
Miaddlesex TW13 603 waw Delimo.ang

42



Thisvalve has an internal disk whose diameter isthe
same size as the bore of the valve. When the disk is
positioned across the valve flow is stopped, when the
disk isin line with the bore full flow is achieved. The
position of the disk is determined by arod connected
to the disk centre pivot and extending out of thevalve.
Rotation of the rod determines the alignment of the
disk and hence rate of flow of water.

The third function is to direct the flow of
water down one of two alternative outlet pipes
connected to thevalve. For example athree port valve
has one inlet and two outlets. Flow entering the inlet
can be directed down either of the outlets or shared
between them. One example of the use of thisisin
domestic heating system control. Hot water from the
boiler can bediverted either to the heating circuit, dhw
cylinder or shared between the two depending onwhich
thermostats are calling for heat.

Globe valve

B
o

Body
Flange
t\I¥:
Valve seat Open Closed

Butterfly valve

g;tso

- —
0 1 0 1 [ U
Full flow Half flow No flow
Ball Valve

g By Jé@ J

W=ll M M
Outlet 1 Outlets 1 and 2 Outlet 2

Figure 1.33 Functions and types of valve

An exampleof aflow diverting valveistheball valve.
The valve body has three ports. Situated at the centre
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of thesein the boreisaball. Thisball has ahole bored
through it. Water normally passesthrough inlet to out-
let 1 through the holein the ball. However, rotation of
theball at first sharesflow with outlet 2 then divertsit
wholly to outlet 2.

A mixing valve is a three port valve working in the
opposite sense. It hastwo inletsand one outlet. Inlet 1
carries hot water, inlet 2 carries cold water. Variable
positioning of the ball will mix thetwo flowsto givea
constant temperature at the outlet ranging between
thetwo flow temperatures.

The build quality of valvesis an important issue. For
example globe valves must seat positively if they are
to stop flow. Control valves must be constructed to
close tolerances because when they begin to close the
pressure increases and there isatendency for water to
seep past the valve. Thiswill result in energy wastage
and poor control. Thisis particularly important when
valves carry out more than one of the functions de-
scribed above. For example globe valves can act asa
flow regulation and an isolation valve (page 42).

The setting of valves can be adjusted manually asis
the case with most isol ation valves. However they can
also be set using a motorised actuator which is the
case for valves associated with control. The position
of the butterfly or ball within the valveisusually indi-
cated by avisua marker outside the valve. This ena-
bles maintenance workersvisiting the plantroom to as-
sess its current position and check that the position
changes in response to a control signal.

1.8 Feed and Expansion

Indirect heating systems using water asthe heat trans-
fer medium must have some means of replenishing
minor water |osses and accommodating the expansion
that occurs aswater isheated. Domestic systemsusea
feed and expansion tank. In commercial systems the
pipework is sealed and apressurisation unit isused to
satisfy the requirements for feed and expansion.

Feed and Expansion (FE) Tank isusually sitedinthe
loft sothat it ishigher than the heating system it serves.
Water from the mains fills the tank to a pre set level
determined by the ball valve (figure 1.34). If water is






lost from the heating system it is replenished from the
FE tank viathe feed water pipe. The expansion pipeis
connected to the heating system pipe work and termi-
natesin FE tank (figure 1.1, pageb). If the heating con-
trolsshouldfail thetemperature of the boiler flow could
rise causing the water in the system to expand. If the
system were sealed the resulting pressure rise would
damagethe system. However thisdoes not occur since
the additional water volume can escape through the
expansion pipe. Excess water in the FE tank will be
safely discharged outside via the overflow pipe.

Expansion pipe
Cold

} \ feed
———
ﬂ O =~

Overflow

Ball valve

Feed water pipe

Figure 1.34 Feed and Expansion tank

Pressurisation unit. The pipe work in heating sys-
tems incorporating a pressurisation unit has no open-
ingstotheoutsideair. Itissealed. A pressure sensor is
fitted into the system as shown in figure 1.35. If the
pressure falls too low a pump is operated that feeds
mains water into the pipe work. When the boiler fires
pressure in the system will increase due to the expan-
sion of water. Thisincreased water volumeis accom-
modated in the expansion tank. The tank is partially
filled with nitrogen which is compressed by theincom-
ing water. If, due to aboiler control fault, the pressure
increaseistoo great then an interlock between the pres-
surisation unit and boilers will switch the boilers off
until the cause of the fault can be corrected. Excess
pressure is released by allowing water to escape
through the pressure rel ease valve. Continuousfilling
of the system by the pump would signal aleak in the
system.

Aswell askeeping system water levelsmaintained the
pressurisation unit can also pressurise the water in the
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system. The benefit of thisisthat the boiler flow tem-
peratures can beincreased above 100°C without it boil-
ing. This means that the same volume of water will
carry more energy to the heat emitters. Inalarge build-
ing thiswill result in smaller pipe diameterswhich are
easier to accommodate within service runs. The tem-
perature ranges encountered are;

L ow temperature hot water (LTHW)
70-100°C

Medium temperature hot water (M THW)
100-120°C

High temperature hot water (HTHW)
120-150°C

Heating load

Mains
feed

Pressure Pump

vy sensor >Q \
Boiler - \
>
——
Pump Pressure vessel ~ Pressure

release valve
Figure 1.35Pressurisation unit
The high temperatures can be used to provide heat for
certain industrial processes such as drying. However
care should be taken with positioning heat emitters

whichwill havevery hot surfacesand would burn any-
one touching them.

2.0 Indirect Warm Air
Heating

Air can be used as a heat transfer medium in the same
way that water is used to carry heat. The warm air is
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delivered to the space to be heated in ductsrather than
pipes. Air has a much lower heat carrying capacity
than water and so ducts need to be bigger in cross
sectional area than a water pipe to carry the same
amount of heat. The space required for these ducts
must be allowed for in the structure of the building.

Therearethreebenefitsof warm air heating. Thefirstis
that ventilation can be supplied to a room along with
the heat. The second isthat the time taken to warm up
rooms to comfort temperatures is less than that taken
by awet system and finally the room warm air outlet
terminalstake up much lesswall spacethan aradiator.
Figure 2.0 shows the main components of a domestic
indirect warm air heating system.

—» <+
< >
Ouilet aril Hy
utlet grille 'V Ret ;
first floor : / dlfctlm ar
warm air
heater
Outlet grill - Fan
ground floor <— ®/

Figure 2.0 Domestic warm air heating system

A centrifugal fan is used to pass air over a surface
which isheated by agasburner. Thisair isthen deliv-
ered to the various rooms using ducts. The vertical
ducts are sited centrally in the building to achieve
economy of duct lengths and ease of accommodating
them. Short horizontal runsdeliver theair to each room.
The outlet grilles should be directed towards external
walls to counteract the cold down draughts which oc-
cur at windows. Air typically returnsto the heater via
thestairwell and halls. Gapsare usually created in doors
to alow the free passage of return air. Air can aso
return to the heater via ducting as is shown in the
diagram. Returninlet grilles should not be sited in toi-
letsor bathrooms dueto therisk of recirculating mois-
ture and odours throughout the building. Fresh air
entersviainfiltration routes into the building.
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COMMERCIAL SYSTEMS

Indirect warm air heating systems for large buildings
share many of the characteristics of air conditioning
systems which are discussed in detail in section 7.0
Figure 2.1 shows a typical warm air heating system.
Outside air isdrawn into the air handling unit using a
centrifugal fan. Itisfiltered and heated before leaving
the unit to be delivered to each room using ducting.
Theoutlet diffusers may be sited under thewindow sill
to counteract perimeter heat |osses. Dampersarefitted
to control the flow of warm air out of the unit. The
return air outlet is positioned to give agood flow of air
across the room, possibly within a suspended ceiling.
The return fan is smaller than the supply fan so that
the rooms become slightly pressurised. This helps to
prevent the ingress of draughts into the building.

An advantage of warm air systems s that in summer
the heater coil can be turned off and free cooling
obtained by bringing in fresh outside air. By pass
ducting will be required to avoid any heat recovery
devicesto ensure that theincoming cool air isnot pre-
heated by the outgoing stale air.

If the exhaust air quality isgood then the majority of it
will berecirculated back into theinlet. The remainder
of the air supply will befresh air. In thisway some of
the energy used to heat the air will berecovered. If the
air quality ispoor then 100% fresh air will be used. To
avoid wasting energy heat should be recovered and
used to pre heat the supply air (section 4.4).
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Figure 2.1 Commercial warm air heating system



| PO -HEAT.TRANSFER.MECHANISMS

Heat naturally flowsfrom abody at ahigh temperature
to bodiesat alower temperature. Itisasif the universe
is trying to balance out the temperature of al the
objects contained within it. In the far future it can be
predicted that everything will have the same
temperature and heat transfer will stop. Until that day
we can use heat transfer mechanisms to make our
heating systems work.Heat
moves by three mechanisms;

heat away from radiators and convector heaters.
Convection also causes stratification of temperatures
in tall spaces (see page 51). Downward convection
currents occur when cold air ispresent in aspace. This
is a particular problem along the perimeter of highly
glazed buildings. Downward cold convection currents
from the windows can produce uncomfortable
draughts. Which must
be countered by a

conduction, convection and perimeter heating system
iation. : 23).

rediation All of the universe would (seepage23)

CONDUCTION really like to be one RADIATION

This is the transfer of heat
through solid materials. This
mode of heat transfer is often
descibed by imagining that the
atoms of amaterial vibrate. The
hotter the material the greater
are these vibrations. Conduc-
tionisexplained by thetransfer
of these vibrations from one
atom to the next, moving from
the warm end of the material to
the colder end. An example of
conduction in buildings is the
lossof heat through the building fabric from thewarm
interior to the cooler outside. Conduction of heat is
also usedin calorifiersand plate hest exchangers. Close
contact is required between the hot and cold fluidsto
ensure good heat transfer is made.

CONVECTION

Thisisthetransfer of heat within liquids. Herewe can
consider both air and water to be atype of liquid. Using
the concept of vibrating atoms introduced above. It
followsthat the atomsin warm air will be more widely
spaced due to their increased vibrational amplitude
than thosein cool air. Asaresult the warm air will be
lessdense, and so will float in the cooler air causing it
torise. When thewarm air becomes cooled once more
it will have the same density astherest of theroom air
and convection will stop. Convection currents carry

temperature. To achieve
this, heat flows from high
to low temperature
objects..... Until this final
temperature is met we can
use the effect to make our

heating systems work!
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Any warm object will
radiate heat to another
object at a temperature
lower than itself. This
heat isintheformif infra
red radiation which does
not require gaseous or
solid material for its
transfer. When an object
absorbs infra red
radiation itstemperature
will beincreased. Infrared
radiation is the warmth
wefed from the sun. It isalso used asthe heat transfer
mechanism by radiant heaters. Thermal radiation isa
similar form of energy to light. As a consegquence just
aslight can be guided and directed using reflectors so
canthermal radiation.

MASSTRANSFER

An additional mode of heat transfer used in buildings
isthat of masstransfer. Inthisafluid such asair, water
or steamisused asaheat transfer medium. By moving
the air or water from one place to another the energy
held by it isa sotransferred. Following the masstransfer
the occupants in the room are heated by one of the
above three mechanisms.



3.0 Direct Heating
Systems

Direct heaters, which were introduced in section 1.0
giveout their heat by acombination of convection and
radiation directly into the space they are heating (see
IP9). Common domestic gasfiresare onetype of direct
room heater which aim to encourage both forms of heat
output. However, for purposes of discussion in this
book direct heaterswill be groupedintotwo main cat-
egories; those which give out most of their heat by
radiation and those which give out most of their heat
by convection.

This section will consider common types of domestic
and industrial convector and radiant heaters and will
conclude by looking at direct water heaters

3.1 Convector Heaters

Convector heatersgive out their heat using the natural
buoyancy of warm air. Room air comes into contact
with ahot surface. When warmed thisair becomesless
dense and so rises out of the heater to warm the room.
Some devices use fans to increase airflow across the
heated surface. Thisincreases heat output and reduces
the time taken to heat the room.

DOMESTICHEATERS

GasConvector Heater s. These heatersare room sealed
combustion devices. The combustion air istaken from
outside the building via a balanced flue rather than
fromtheroomitsaf (figure 3.1). Asaconseguence heat-
ersare usualy installed on outside walls. Heaters can
be installed on internal walls using longer lengths of
flue and exhausting the flue gasses using a fan. To
avoid the complexity associated with electrical wiring,
basic models are fitted with a piezoelectric spark
ignition. Temperature control is achieved manually
using a variable burner setting. The only connections
required by the heater therefore is a gas supply. To
improvethelevel of control some modelsincorporate
aroom thermostat and a time switch the operation of
which requires connection to an electrical supply.
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Figure 3.1 Gas convector heater

Electric storage heaters. Thistypeof heater comprises
of ametal casing whichisfilled with dense blocks (fig
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o
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- Casing

element

o
@< Heating
o

T\
Room air
I.I in

Figure 3.2 Electric Storage Heater

ure 3.2). The blocks have ahigh specific heat capacity
(see IP6). This meansthey can store large amounts of
heat for each degree of temperature through which they
are heated. The blocks are heated by electrical heating
elementswhich run through them. Charging with heat
usually takes place overnight to take advantage of
cheaper night-time electricity tariffs. The amount of
heat given out by the storage heater in the day de-
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pends on how much heat is stored by it overnight this,
in turn, depends on the time over which the heating
elementsare operated. Charging time can be set manu-
aly using adia on the heater graduated in hours or it
can be carried out automatically. Automatic control
requires a controller which monitors outside air tem-
peratures. If the air temperatureislow, indicating that
more heating will be required the next day, then the
heating current will be allowed to flow for longer.

Heat output is by convection currents passing across
the casing and through the hegter. |f the room becomes
sufficiently warm further heat output can be restricted
by closing a damper to block the internal convection
path. Fanned storage heaters are available. These
utilise well insulated casings to minimise heat losses.
Heat output isviaforced circulation of air through the
unit. These storage heaters give a better degree of
control but utilise additional electricity to operate the
fan.

COMMERCIAL WARM AIRHEATERS

Direct heaters used in commercial or industrial build-
ings are bigger in scale than domestic heaters so that
they can satisfy the increased heating demand of the
large spaces that are used by industry. They are usu-
ally less decorative but are more robust. They are of-
ten mounted at high level to free up floor space which
ismore economically used as production area.

Floor standing cabinet heaters. Figure 3.3 shows a
diagram of afloor standing cabinet heater. Air isdrawn
from the space by a fan and is passed over a surface
heated by a gas burner. The hot air is then directed
back into theroom viacowls. Adjustable vaneswithin
the cowls allow further variations to be made to the
direction of the warm air jet. Combustion air for the
burner isdrawn into the heater from the adjacent space
or it may be taken from outside using ducting. The
timeswithin which the heater can operateis controlled
using an optimiser as described in section 1.6 (page
35). The space temperature is controlled using a
thermostat which monitors the temperature of the air
entering the heater. If thetemperatureis above set point
the burner is switched off or modulated down.

It is not advisable to use warm air heaters when the
space to be heated is draughty. This is because com-
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fort is achieved by contact with the warm air. If this
warmair isregularly removed from the spacefor exam-
ple by opening loading bay doors then comfort will
not be achieved and energy will bewasted. Care should
also be taken where the space to be heated istall. This
is because warm air rises and hence stratification will
takeplace.

Cowls to direct spread

of he}%
Heated
- air out

| ——j——{ Fan
Gas fired
1 = heater

Cool

I e

Figure 3.3 Cabinet heater

Stratification isthe creation of atemperature gradient
which increases between the floor and roof. The tem-
perature adjacent to the roof ina4m high space may be
ashigh as30°C. At low level, in the zone occupied by
people, the temperature is 21°C. The high air
temperature next to the roof is unnecessary for com-
fort and will increase heat losses through the roof.

The problem of stratification can be avoided using de
stratification fans (figure3.4).

Motor

i B Thermostat

Fan

Figure 3.4 De-stratification fan
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These are fans mounted at high level in the space. An
inbuilt thermostat monitorsthe air temperature next to
the fan. If the temperature rises above a threshold
temperature setting such as 27°C then the fan operates
pushing the warm air back down into the occupied
space.

Unit heaters. Unit hestersareasmaller version of cabi-
net heaters which are mounted at high level in aspace
(figure 3.5). Air flows through the heater, driven by a
fan. It isheated asit passes through a series of venturi
shaped plates made hot by a gas burner. Adjustable
vanesonthewarmair outlet directsthe heat down into
the occupied space. One of the benefits of thistype of
heater is that they do not occupy any floor space.
Another benefit isthat they help to avoid stratification
by taking in air at high level and directing it down to-
wards the occupied space.

Vanes to
direct air
movement

/

A
Heating Burner
surface

Figure 3.5 Unit heater

Heatingand Ventilation. Thewarmair heatersdescribed
above use re-circulated room air as the medium for
heating. However, fresh air can be supplied to the heater
using alength of ducting so that heating and ventilation
can be provided to the space at the same time.

Figure 3.6 shows, using aroof mounted unit heater as
an exampl e, that three modes of operation are possible
by varying the position of dampers in the heater.

Recirculation. If theroom air quality isgood,
100% recirculated air can be used. The highlevel input
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would de-stratify the space. If ventilation is required
during occupancy 100% recirculation can still be used
during the pre occupancy period to shorten the build-
ingwarmuptime,

Roof \ /_ﬁ/
Fresh

air

Dampers > @—{_inlet
X N
Recirculated
air inlet
<~ Gas
fired
heater
@* Fan
, J Directional
777 NN\ vanes

Figure 3.6 Ventilation unit heater

Ventilation. If theroom air quality deteriorates
then a mix of fresh and recirculated air can be used.
The proportions in this mix can be determined using
roomair quality sensorsfitted into theinlet duct of the
heater. Poor air quality would result in greater propor-
tions of fresh air being used.

Full freshair. If 100% fresh air isto beused for
extended periods it would be economical to add an
extract duct to the heater to enable the incoming and
outgoing airstreams to pass through an air to air plate
heat exchanger (see section 4.4). Thiswould save en-
ergy by pre-heating the incoming airstream using en-
ergy contained inthe exhaust airstream. In summer the
use of 100% fresh air can also provide free cooling by
switching off the heater and bringing in outside air if it
is cooler than the space temperature.

3.2 Radiant Heaters

All hot surfaces radiate heat to objects cooler than
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themselves (see |P9). When a person is near a heated
surfacethisradiant heat isfelt aswarmth. The essential
element of aradiant heater is, therefore, an exposed
heated surface. The human body is very sensitive to
radiant heat and feelings of warmth are readily experi-
enced initspresence (seelP5). Asaresultitispossible
to feel comfortably warm in draughty spaces such as
warehouses or workshopsif asource of radiant heat is
present, evenif theair temperatureis|ow.

Radiant heatershavealow thermal capacity. Thismeans
they will heat up quickly giving aquick responsetime,
creating comfort shortly after being switched on. The
heating effect is principally by radiation but eventu-
ally the radiant heat absorbed by people and objects
will be re-emitted by convection. Thiswill resultina
gradual increasein room air temperatures

Radiant heat isaform of electromagneticradiation. This
is the same form of energy as light but at a different
wavelength. Because of thisit behaveslikelight. It can
be reflected to where it is needed but also blocked by
objectsinits path. Thislatter point means that people
can be shadowed from itswarming effects. Oneexample
isthe shading of customershby thetall shelvesinaDIY
store. To solvethis problem radiant heatersare usually
sited over the aisleswhere customers circulate. Since
the heaters do not rely on warm air for their heating
effect standard thermostats which detect room air
temperature cannot be used to control them. Control is
achieved using ablack bulb thermostat. Thisisan elec-
tronic or bimetallic strip thermostat built into a black
plastic hemisphere. The hemisphere absorbs the radi-
ant heat whichin turn warmstheair trapped inside the
globe. It isthis enclosed warm air that the thermostat
senses to provide control over the heaters.

Therearetwo main typesof direct radiant heater these
are plague heaters and radiant tube heaters.

Plaqueheaters. Are comprised of aflat surface (figure
3.7) heated either by an el ectrical element or agasburner.
The surface of the heater is warmed until it radiates
heat. Some units become red hot. This high surface
temperature means that they must be fixed at high
level, usually above three metresin height, so that the
occupants of the building cannot be burned. Lower
temperature plague heaters are available which have
much lower mounting heights. Plaque heaters are most
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often used to give spot heating to aparticular location.
This could, for example, be aworkstation sited in the
middle of a warehouse. Comfort can be achieved
without heating the entire space.

Electric heating

Frame element

Figure 3.7 Radiant plaque heater

Radiant tube heaters are composed of a gas burner
connected to a steel tube (figure 3.8). The burner di-
rects the flames it produces along the inside of the
tube. As a result the tube becomes hot and starts to
emit radiant heat. Sometimesthetubeisformedinto a
U shape doubling the surface area for heat output. A
reflector above the tube directs the heat downwards.
Radiant tube heaters, aswith all heat emitters, have a
limited area of influence. To heat alarge space evenly
an array of radiant tube heaters must be used arranged
inasimilar way to luminaires used to light a space.

Flue Reflector

Burner

iy
/ N
/ y i \\\
Radiant heat output
Figure 3.8 Radiant tube heater

Radiant tube

Ener gy issues. Radiant heaters can result in significant
savings in energy when used appropriately. The three
situations when this occurs are;

Tall buildings - where excessive stratification would
occur withwarm air heating.

Spot heating - For example heating a manned
workstation in the middle of awarehouse. Comfort can
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be achieved without heating the entire space.

Draughty buildings- High air changerates makewarm
air heating impractical and wasteful.

3.3 Direct Water Heating

Theheatersin adirect heating system are dedicated to
providing space heating. Because of this someform of
direct water heater is also required. In addition, it is
more economical and energy efficient to separate water
heating from the indirect space heating system by
providing hot water from a direct fired water heater.
Thisavoidsthelow efficiency of indirect systemswhen
firing a low loadsto provide hot water only.

Direct water heating in domestic buildings takes one
of two principle forms these are storage systems and
instantaneous systems.

Storage systems. An example of a storage system is
the use of an electricimmersion heater to heat the wa-
ter inadhw cylinder. Theimmersion heater isasealed
element through which electricity is passed causing it
to heat up. Theimmersion heater isfitted into the stor-
age cylinder to make direct contact with the stored
water. A typical domesticimmersion heater would have
apower rating of 3 kW.

Theimmersion heater hasanin built thermostat to con-
trol the domestic hot water temperature. Thisswitches
the current on or off, as required, to maintain the pre
set temperature, typically 60-65°C. The duration of op-
eration of the heater can be controlled manually using
aswitch or automatically using atime switch.

I nstantaneous water heater s warm the water asitis
drawn from the tap so that it only heats the amount of
water that isrequired. Gasfired water heatersare con-
structed like small boilers with a burner and heat ex-
changer. Thewater input to the heat exchanger isfrom
the mains. Output isto thetaps. Turning on the hot tap
causes a pressure drop in the pipe work which, after a
short delay, signastheburner tofire. Electricaly heated
units are also available. Electrical heaterslike the gas
heaters can supply al thetapsinasmall building. Small

units can supply individual sinks, their small physical

size means they can be fitted into the hot water pipe
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work under the sink. Their usein thisway at the point
of use avoids heat losses that occur from long pipe
runs.

COMMERCIAL SYSTEMS

In large buildings the distance between the source of
hot water and thetapsislarge. Thiscanresultin exces-
sive heat losses from the pipe work as the water runs
from the source of heat to the taps. One way of avoid-
ing thisisto decentralise the hot water system and to
provide sources of hot water throughout the site cor-
responding to demand. Small storage or instantane-
ous heaters can be used as described above. For larger
demands direct fired water heaters should be used.
These devices are cylindrical in shape containing a
small volume of stored water (figure 3.9). The gas
burner is sited at the bottom of the unit. The heat ex-
changer and flue run up through the centre of the
stored water volume and so excellent thermal contact
is made between the source of heat and the water. Any
heat losses from the flue also passinto the water. The
exterior of thetank iswell insulated to avoid standing
heat losses. Thevolume of water stored islarge enough
to satisfy peak demands but small enough to reduceto
acceptable levels, the standing losses that occur over-
night as the stored volume of water cools down. Asa
consequence of this and the other features described
abovedirect fired water heatersoperate at an efficiency
of approximately 90%.

P Flue )
Insulation
/]
Thermostat
| t» T
<l 1y /AE/Stored hot
“7] ' water
/E/Heat flow
i to water
« | |
)( { i Burner
v Gas valve
LY :
L] 1

Figure 3.9 Direct fired gas water heater
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4.0 Introduction

Ventilation isthe replacement of staleair in abuilding
with fresh air. Ventilationisavital requirement for the
comfort and health of building occupants (see 1P10).
The reasons why ventilation is so important can be
Listed as;

to supply oxygen for breathing (respiration)

to dilute pollutants such as body odours and
exhaled carbon dioxide.

to remove unwanted heat from the building.
to supply air for combustion appliances.

to lower the relative humidity and so avoid
condensation.

to clear smokein the event of fire.

There are two ways of stating the quantity of
ventilation supplied to aspace. Thefirst relatesto the
occupants of abuilding and is specified as the number
of litres of fresh air that is delivered to the room per
second per person (I/s/p). Each of the functions of
ventilation listed above require different rates of air
supply. For example the need for respiration can be
satisfied by supplying air at arate of 0.21/9/p. Dilution
of body odours from sedentary occupantsrequires81/
s/p. Dilution of odours such astobacco smoke requires
much higher ventilation rates. For very heavy smokers
321/d/p isrequired. For estimation of typical ventilation
requirements the value of 8 1/9/p is used.

The second method of quantifying ventilation is to
use the air change rate. The air change rate is the
number of timestheair inaroomiscompletely changed
by fresh air every hour. The units are therefore air
changes per hour (ac/h). The recommended air change
ratein atypical mechanically ventilated officeisinthe
range 4 to 6 ac/h. For dining halls and restaurants the
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recommended air change rateisbetween 10 and 15 ac/
h. The CIBSE Guides give recommended air change
rates for arange of situations.

4.1 Domestic Ventilation

Ventilation of domestic buildings is mostly provided
by infiltration. Infiltration isthe movement of air inand
out of the building via cracks and gapsin the building
envelope. Air movement is driven by natural forces
such aswind pressure and differences between inside
and outside temperatures. Unfortunately infiltrationis
uncontrollable and, in windy conditions, can lead to
excessive ventilation rates resulting in draughts and
high ventilation heat losses. Conversely it can also
lead to inadequate ventilation on still, warm days. To
avoid these problems a four stranded strategy is rec-
ommended :-

The building envelope should be built as air-
tight as possible to reduce uncontrolled infiltration (see
p62). This can be achieved by sealing knowninfiltration
routes such asthe gaps between doors/window frames
and the masonry, the jambs of door and window open-
ings, around service entries and loft hatches.

Purpose built openings should be provided
to supply background ventilation. Trickle slot or tube
ventilatorswhich provide an air movement path through
the wall or window heads are suitable. These devices
should be fitted with a manual damper to adjust the
size of the ventilation opening. Some trickle ventila-
torsarefitted with damperswhich close automatically
if the airflow rate through the ventilator becomes
excessive on windy days.

Windows should be openableto provide short
term rapid ventilation of rooms.

The building regulations section F1 requires
that extract fans are used in rooms where moisture and
odours are created such as bathrooms, kitchen and
toilet. The fan should be sited close to the source of
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The occupants of a building are protected against the
extremes of climate, noise pollution and to an extent
externa air pollution by the building fabric. However
theinternal environment itself acts as a collector and
concentrator of arange of pollutantswhich are known
to be harmful to health. Since the majority of people
spend over 90% of their lives indoors the quality of
indoor air isof great importancefor ahealthy life. The
range of problems that are encountered range from
discomfort to death. The former being dueto the pres-
ence of odours and the latter due to the presence of
airborne carcinogens. Cigarette smoke is a source of
both categories. Table P10 lists some of the pollutants
foundinindoor air.

Category Example/Quantification

Fibres Asbestos fibres, no longer used but mal
terials using asbestos till exist in

older buildings. Inhalation causes lung
disease and cancer. Quantified as num-

per of fibresper litre of air (f/1).

Gases Carbon Monoxide, produced by incom
plete combustion of gasin heating and
hot water appliances. In sufficient quan
tities causes asphyxiation and death.
Quantified asafraction of air volume

using parts per million (ppm).

Radiation | Radon gas, aradioactive gas arising
from uranium in the ground. Inhalation
of radon decay products causes lung

cancer. The problemisgreatest in
houses built over granite. Quantified
Lising radioactivity (Bequerels)per cubic
metre of air (Bg/m?).

VOC's Formaldehyde. A vapour given off by
the binding agents in chipped wood
products. Inhalation causesirritation
and may lead to allergic reactions such

as asthma. Quantified using ppm.

Pathogens |Legionellabacteria. Growsin poorly
maintained water based air condition-
ing and hot water services. Inhalation
causes afluelikeinfection which

can lead to pneumonia and death.

Table IP10 Examples of indoor air pollutants
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THE SOURCESOFPOLLUTION
The sources of indoor air pollution are;

The materials used to construct the building
e.g. volatile organic compounds (VOC's) used
as glues to bind materials together such as
chipboard

The building occupantsthemselves e.g. body
odours and carbon dioxide

Processes being carried out in the building
e.g. ozone, pigmentsand solventsemitted from
photocopiers, faxes and computer printers

External sourcese.qg. traffic pollution from
nearby roads

Humans spend 90% of their
lives indoors. The quality of
indoor air is therefore of
great importance for
comfort and health

|
SOLVING THEPROBLEM

Avoid using materials or processes which
give off pollutants

Use extract ventilation to remove pollutants
at source

Use supply ventilation to dilute the
guantities of pollutants down to acceptable
levels

Use filtration methods to remove pollutants
fromtheair (see section 7.1)

Seal the envelope to avoid unwanted
ingress of polluted air



moisture or pollution and operate to give the specified
extraction rate. For exampletheseratesare 15 and 30
litres per second for bathrooms and kitchens respec-
tively. The extract fan should befitted with appropriate
controlstolimit thetimeit runs. One exampleof control
istofitahumidistat to the bathroom extract fan. When
the relative humidity rises over a set threshold the fan
will operate. When the humid air iscleared therelative
humidity will fall and the fan will switch off. Thiswill
stop heat loss caused by the unnecessary extraction
of warmdry air.

Most domestic extract fans are simple propeller fans
fitted through the window or wall, possibly incorpo-
rating a short length of ducting.

Heat recovery extract fansare amethod of extracting
staleair and supplying fresh air to single roomswith-
out wasting all the heat contained in the exhaust air.
Theunitincorporatestwo fansoneto extract air through
the unit and the other to bring fresh air into the build-
ing inthe opposite direction (figure4.1).
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Heat exchanger

warm fresh

cool stale air

air

Figure 4.1 Ventilation unit with heat recovery

Both airflows pass through an air to air plate heat ex-
changer. The two airflows are kept separate and only
comeinto thermal contact with each other. Heat from
the outgoing warm stale air passes through thin sepa-
rating plates in the device and warms the incoming
cool fresh air. More detailsare given in section 4.4.
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Wholehouseheat recovery. Thesingleroom unit de-
scribed above can be extended to provide ventilation
and heat recovery to all the rooms of the house (figure
4.2). A fanned heat exchange unit issited in theloft or
within the cupboards above the cooker extract hood.
Warm stale air is extracted from al the rooms of the
house and passed outside through the heat exchange
unit. Incoming air is passed through this unit and is
therefore pre-heated before being discharged into each
room using ducting.

Extracts from kitchen and bathroom

: y
‘;

Stale air

{ \ Fresh air
exhaust

Warmed air inlet

supplies to
living room,
bedroom and
hall

Heat exchange unit
fitted in cooker extract
hood

Figure 4.2 Whole house ventilation with heat recov-
ery

4.2 Ventilation of Com-
mercial Buildings

Ventilation of small commercial buildingsiscarried out
in the same way as that for domestic buildings. How-
ever asthe building size and complexity increasesthe
demand for mechanical ventilation becomes more nec-
essary. A number of situations can beidentified where
mechanical ventilation is essential these are;

Densely populated rooms, where the space
per occupant is less than 3.5 m® per person

Deep plan buildings. Natural crossventilation
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is difficult to achieve through buildings deeper than
15mfromoutsidewall to outsidewall. Single sided natu-
ral ventilation is aso ineffective beyond 6m from an
outsidewall.

Where windows cannot be opened for
exampledueto external traffic noise or pollution.

Roomswhere accurate control of temperature
or humidity isrequired.

Rooms where pollution is created at afaster
rate than can be cleared by natural ventilation.

Where pressurisation of roomsisrequired e.g.
in clean rooms to keep dust laden draughts out.

Tall buildingswhich are seal ed becausewind
and stack driven natural ventilation would be excessive

VENTILATIONSYSTEMS

There are three methods by which buildings can be
mechanically ventilated. These are:

Extract ventilation. Thismethod of mechanical venti-
lation is used to remove pollutants such as moisture,
odoursand heat from occupied spaces. A propeller fan
isused, mounted inawindow paneor through thewall
in a short length of ducting, to drive air out of the
building. The fan must be sited near the source of pol-
lution so that it can be removed directly from the build-
ing without it crossing the occupied space. Whenever
air is mechanically removed from abuilding fresh air
will enter to replaceit. Thismake up air will normally
enter through cracks and gaps in the building fabric.
Alternatively purpose built perforations can be made.
In this case the incoming air can be heated using a
heater across the path of the incoming airflow. Con-
trols should befitted to the extract fan to limit itsdura-
tion of operation to those times when it is needed.

Specidist extract systemsfor kitchens, laboratoriesand
other industries are available which use fume collec-
tion hoods or cabinets. These are connected to out-
side using ducting and therefore require the use of an
axial flow or centrifugal fan.
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Supply ventilation worksin the opposite senseto ex-
tract ventilation inthat afanisused todriveair intothe
building. Theair supplied dilutes pollutantsbut it can-
not directly remove them from the building. Thefresh/
staleair mixture leavesthe building viacracks and gaps
in the building envel ope.

Supply systemsdeliver fresh air to the building at high
speeds. Thisis acceptable in summer when high air
speeds have a cooling effect but in winter the rapid
movement of cold outside air into the building would
cause discomfort. This discomfort can be avoided by
passing the incoming air over a heating coil before it
enters the occupied space. Supply ventilation pressu-
risesthe space it is serving, thisis useful where entry
of draughts and odours from outside needs to be pre-
vented.

Balanced ventilation isacombination of both supply
and extract ventilation. Each space is served by sup-
ply and extract ducts. Theair movement through which
is fanned. This system allows a consistent supply of
fresh air to be supplied to each room using a configu-
ration similar to theindirect warm air heating systems
discussed in section 2.0 and air conditioning systems
described in section 7.0.

By making the supply fan more powerful than the ex-
tract fan the space will be pressurised avoiding in-
gress of dust laden draughts. The most important ad-
vantage of balanced ventilation systems is the ability
to carry out heat recovery between the exhaust and
supply air streams.

Airtoair heat recovery systemsare described in section
44.

4.3 Fans

Air movement inwarm air heating, ventilation and air
conditioning systems is made possible by the use of
fans. A fan createsair movement using arotating vane
driven by an electric motor. The casing in which the
impeller rotates al so has an effect on the air movement
characteristics. There are two basic configurations of
fan available each with different operating characteris-
tics.



s (CLgu1ixd tabs on energy efficiency

Energy efficiency in
mechanical ventilation

System energy efficiency Speciflc fan power

High effichency | 5
Medium efficiency & ney ol

Lo efficiency =4

Further information P R
Furtheer informaticn on building-relazed energy-efficiend ¥ ‘ il _
masne s (v wrvil=hle o the nergy ooy Bt d.':f :._
Practice pr  the Enwirgement and Eresrp T

ENERGTY EFFICTENGF

63



Axial flow fanshavetheimpeller connected directly to
the drive shaft of the motor (figure 4.3). This means
that the airflow passesover themotor and isparallel to
theaxis of thefan.

Flange for connection
to ductwork

Casing

In line motor

Aerofoil section
impeller blades

Faring shaped
hub

Figure 4.3 Axial flow fan

Theimpeller blades can be one of two types. Thefirst
isasimple propeller where the blades have a uniform
cross section throughout their length but are twisted
so that when the impeller rotates the air that it comes
into contact with is pushed from theleading to trailing
edge of the blade. The momentum built up carriesthe
air out of thefan. Thevolume of air moved dependson
the speed of rotation of the fan and the number of
blades. Rotational speed ishowever kept below 30m/s
blade tip velocity as the noise generated by the fan
becomes unacceptable. Propeller fans do not generate
a large pressure difference and so they cannot move
air through ducting longer than approximately 45-55
cm. However they are effective at moving air through
free openings such as window extract units or wall
extract units incorporating short lengths of ducting.

The second blade arrangement is more complex hav-
ing an aerofoil cross section and twisting from oneend
totheother. Inthe same manner asan aircraft wing, the
aerofoil bladed impeller generates increased air
movement over itsupper surface. Thiscreatesagreater
pressure difference and so the fan can move air along
a system of ducting. The efficiency with which the
aerofoil bladed fan converts electricity into air

movement is higher than the propeller fan but can be
further increased using stationary radial guide vanes
across the inlet or exit of the fan. This reduces swirl
and so givesamore even flow of air.

Centrifugal fanshaveacompletely different impeller
and casing arrangement to axial fans. Theimpeller blades
rather than being perpendicular to the axis of rotation
areparallel toit and arearranged into adrum like con-
figuration (figure4.4). Air isdrawninto thefan parallel
tothe axisof theimpeller. Therotation of theimpeller
causes the air to leave the fan at right angles to the
direction of entry. The air being driven by centrifugal
forceand collected by the volute casing. Changing the
arrangement of bladeswithin theimpeller changesthe
characteristics of the fan. For slow, low pressure
applications such asis required in noise sensitive en-
vironments, the leading edge of the blades faces back-
wards, away from the direction of rotation. For maxi-
mum pressure generation such asisrequired for mov-
ing air through very long lengths of ducting, the
leading edge is made to face forwards.

Air pushed out by
Flange for centrifugal force
connection to/r
ductwork

Involute

casing

Air enters at
90 degrees to

External outlet airflow

drive motor Backward aerofoil
bladed impeller

Figure4.4 Centrifugal fan

4.4 Heat Recovery

Mechanical ventilation gives good control of ventila-
tion rates and hence air quality. However, the air re-
moved from the building carrieswith it theenergy used
towarm it up to room temperature. It therefore repre-
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Three factors of fan performance are of interest to us,
these are;

What is the volume of air moved by the fan?
(determines the volume of air

T H E

F A N L A W S

SIZE CHANGES (speed kept constant)

Law 1. As the fan size increases the volume of air
drawn into the fan increases. Thisis acubic relation-
ship so doubling the fan

thefan can extract or deliver)

What is the pressure differ-
ence created by the fan?
(determinesthe pressure drop,
caused by resistance to air
movement in the ducting, that
the fan can overcome)

How much energy is the fan
using? (determines cost of
operating a ventilation
system)

The performance of fansin useis predicted by a set of
laws which govern them. These laws can be placed
into two groups; those that predict the changes aris-
ing from varying the speed of the fan and those which
predict what happenswhen varying the size (diameter)
of the fan (see also p64).

SPEED CHANGES (sizekept constant)

L aw 1. Increasing the fan speed increases the volume
of air drawn into the fan. Thisisadirect relationship,
so for example, doubling the speed of the fan doubles
the air volume drawn into the fan.

Law 2. The pressure difference generated across the
fan inlet and outlet increases with increasing fan
speed. This is a square relationship so doubling the
fan speed will quadroupl e the pressure difference cre-
ated by the fan.

L aw 3. Theenergy used by thefan increasesasthefan
speed increases. Thisis a cubic relationship so dou-
bling the fan speed will increasethe electrical useby a
factor of eight.

Without fans mechanical
ventilation and air conditioning
systems cannot operate.
Optimal operation depends on
a knowledge of the factors that
affect fan performance.
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diameter increasesthein-
put by afactor of eight.

Law 2. The pressure
difference created across
thefanincreasesasthefan
size increases. This is a
square relationship so
doubling thesize of thefan
increases the pressure
difference by a factor of
four.

Law 3. Asthefansizeisincreased the energy required
to operate it increases. Thisis acubic relationship so
doubling the fan size will increase the energy
consumption by afactor of eight.

Manufacturers produce fan characteristic curves
(figurelP11) which graphically illustrate changeswhich
occur as the volume flow rate changes. This
characteristicisfor an individual fan.

Pressure - as greater volumes
of air are moved the pressure
difference is reduced

LYo
S
.

=
o o
% ~_ Power - moving a
=¥ .. greater volume of
> s, air requires more
= N
2 . power
E For peak efficiency’

the fan should be

operated het;e

Volume flow rate m3/s

Figure IP11. Fan characteristic (radial bladed
centrifugal fan)



sentsasource of heat lossfrom the building. Mechani-
cal ventilation has an advantage over natural ventila-
tioninthat systemscan be put in placeto recover most
of the heat normally lost along withthe extract air. The
systems are known as air to air heat recovery units.
Each method of heat recovery involves transferring
energy from the exhaust airstream to the supply air-
stream. There are a number of ways of achieving this
as described in the following sections.

Air to air plate heat exchangers are used for both do-
mestic and commercial heat recovery. The remaining
systems, because of their cost and complexity, are re-
stricted to commercial use.

Plate heat exchanger sare used wherethe exhaust and
supply airstreams are arranged to flow alongside each
other (figure4.5). They are composed of acubical sand-
wich of thinmetal or plastic plates. These platesallow
the exhaust and supply airstreams to pass each other
but remain separated. Heat passes from the hotter to
the cooler airstream by conduction through the thin
plates(figure4.6).

Inlet duct
N
COO] warm
fresh
0T 219 stale
cool warm
stale fresh

|

Plate heat
exchanger

Exhaust duct

Figure 4.5 Location of plate heat exchanger in the
ducting

Plate heat exchangers have anumber of advantageous
features;

They have no moving parts which would re-
quire maintenance.

They keep the airstreams separate so no cross
contamination can occur.
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No energy is required for their operation al-
though fan power may need to be increased to over-
comeair friction through the unit.

Cool fresh
incoming air

Warm stale
outgoing air

Warm fresh
incoming air

Cool stale
outgoing air

Figure 4.6 Air to air plate heat exchanger

Thermal wheels are composed of acircular matrix of
tubesthroughwhich air canflow (figure4.7). Thewhedl
is positioned across the inlet and exhaust ducting so
that inlet air passesthrough the upper half of thewheel
and exhaust air passes through the lower half. Asthe
exhaust air passes through the wheel the matrix heats
up. The wheel rotates and slowly brings this heated
section into the path of the incoming airstream. The
incoming airstream iswarmed asit passes through the
thermal wheel matrix.

Thethermal wheel requiresan electric motor to driveit
and so the energy consumption of this needs to be
considered in assessing the heat recovery efficiency.
Thermal wheels should not be used in areas where
cross contamination of airflows would be a problem
such as hospital operating theatres. Thisis because it
is not possible to fully seal between supply and ex-
haust airflows.

Run around coilsare heat recovery deviceswhich can
be used when supply and exhaust airflows are not run
close together. A finned coil is situated in the path of
the exhaust air (figure 4.8). Air passing through the
coil heatsup awater and antifreeze mixture circulating
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Heat recovery devices represent a capital cost which
must be recovered in the value

efficiency of adomestic air to air plate heat recovery
unit depends on the air-
flow rate. As the airflow

of energy savings made.
Economic viability usually
depends on recovering this
capital cost within a certain
period of time known as the
payback period. Determination
of payback periods involves a
comparison between capital and
running costs on the one hand
and value of energy savingson
the other.

Simple payback period
calculations can be made using
the following formula. For
retrofitting of heat recovery
devices asimple payback period of threeto four years
isusually considered economically viable.

Payback = Capital Costs (£)
period(y) Energy savings(£/y) - running costs (£/y)

PAYBACK FACTORS

Initial costsinvolve the capital and installation costs
of the heat recovery device. However, some of this
may be offset by savings arising from reductions in
thesize of boiler plant, made possible by the avail ability
of recovered heat.

Running costs involve a debit in terms of electricity
used by fans, pumps and motorsand also maintenance
costs. The credit isin the value of recovered energy.
Running costs and credits are strongly dependent on
the hours run by the system and availability of energy
for recovery. For example cost effectiveness will be
greater in winter when differences between inside and
outsidetemperaturesareat their greatest. Similarly the
cumulative value of energy savingswill be greatestin
buildingswherethe ventilation system runsfor alarge
number of hoursin the day.

System efficiency varies depending on therate of flow
of air through the device. Figure IP12 shows how the

It is not always economical to
use heat recovery devices.
Capital and running costs must
be weighed up against the
value of energy saved.
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rateincreasesthe heat re-
covery efficiency
decreases. This is
because the air does not
dwell in the device
sufficiently long for heat
transfer to take place. It
can be seen that the peak
efficiency is 75%
indicating that three
quarters of the heat con-
tained in the extract air
can be recovered to the

supply air .

80
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>
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0
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Figure IP12 graph of efficiency against airflow rate
ENVIRONMENTAL BENEFITS

Falling energy costsfollowing privatisation of thefuel
utilitiesmeansthat it isincreasingly difficult to justify
energy saving devices in terms of financial payback.
This is because the value of recovered energy has
fallen. There are, however, considerations to be made
beyond financia paybacks. Energy usage represents
acost to the environment. Heat recovery will resultin
areduced need for heat generation and hence areduc-
tion in the emission of pollutant gases such as carbon
dioxide. Unfortunately no formal carbon payback
methods exist.



inthepipework. A pump circulatesthis heated solution
toasimilar coil installed in the supply duct. The sup-
ply air will become heated by passing through this
coil. Topping up and maintenance of the system will
need to be considered in economic analyses.

Heat transfer

nd wheel
. rotation Incoming
Incoming warm fresh
cool fresh air
air
Outgoing
cool stale Outgoing
air warm stale
air
S =5
Motor
Figure 4.7 Thermal wheel
Inlet duct
\
Cool fresh Warm fresh
incoming air incoming air
— —>

Pump a(z %}

exhaust duct N

-
Warm stale
outgoing air

Cool stale
outgoing air

UL

Heat pumpsaresimilar to run around coilsin that they
can exchange heat between ductswhich are separated

Figure 4.8 Run around cail
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by distance. However the pipework is filled with a
refrigerant which evaporatesin the coil situated inthe
exhaust duct. Asthe refrigerant evaporates it absorbs
heat. The refrigerant vapour then flows to the coail in
the supply duct where it condenses and in doing so
releases the heat it has absorbed. The pipe work is
fitted with a compressor and pressure reducing valve
which enable the evaporation and condensation of the
refrigerant to take place. A morefull description of heat
pumpsisgiveninsection 5.1.1.
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5.0 Introduction

Air conditioning is the process by which theair in a
spaceismodified to makeit comfortablefor the occu-
pants. The primary function of air conditioning is
cooling athough all systems filter the air and some
also provide heating and adjustments to the humid-
ity levels.

Cooling is needed when the room air temperature
rises above a comfort threshold of 27°C. Tempera-
tures rise above this level due to a combination of
high outside temperatures and internal heat gains.
For example, in summer the outside air temperature
may be 22°C or above. When thiswarm air entersthe
building itstemperature will be further increased by
heat gainsfrom people, artificial lighting , appliances
and the sun. Increases of 6°C due to these casua
gains are not uncommon pushing the incoming air
temperature above the comfort threshold. Even in
winter when outside air temperatures are low, office
buildingsmay experience sufficiently high casual heat
gainsthat cooling is required.

Many of the situations previously described in sec-
tion 4.2 asrequiring mechanical ventilation also need
a degree of air conditioning. To summarise, those
situationsmost likely to requireair conditioning are;

Rooms subject to high solar gains, such as
south facing rooms especially those with large areas
of glazing

Roomswith high eguipment densities such
ascomputer roomsand officeswhich make extensive
useof IT

Roomsin which environment (temperature,
dust or humidity) sensitivework isbeing carried out
such as operating theatres and mi croprocessor manu-
facturing units.

C OND
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Air conditioning systems can be categorised into three
main types;

Local comfort cooling systems - These systems cool
the air in a room to bring its temperature down to ac-
ceptablelevels. The cooling equipment islocated inthe
roomitsalf. Themainformsof local comfort cooling sys-
temare;

Window sill air conditioners

Split systems

Multi split systems
Variablerefrigerant flow split systems

Centralised air systems- All of the heating or cooling
is carried out in a central air handling unit. Room by
room control of temperaturesis achieved using the fol-
lowing systems;

Constant volume systems
Variableair volume (VAV) systems
Dua duct systems

Centralised air systems do not just provide heating or
cooling but canfilter, humidify or dehumidify theair as
required. The central plant isusually in a ground floor
plant room or may be a packaged unit situated on the
rooftop.

Partially centralised air/water systems- A central air
handling unit is used first to filter and then heat or cool
an airstream. Fina adjustment of temperaturesiscarried
out using room based equipment. System types are;

Terminal re heat or fan coil systems
Induction systems
Chilled ceilingsand displacement ventilation

See IP16, page 80 for abasic system selection tree. All
of the above systems and their componentswill be dis-
cussed morefully in later sections. The next section will
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Water based leisure complexes by their very nature
have large areas of water exposed to the air. The pool
water readily evaporates increasing the relative hu-
midity of the atmosphere. Thisin turn leads to ther-
mal discomfort (seelP5) and damageto the pool struc-
ture due to corrosion and condensation of liquid wa-
ter on cold surfaces. Evaporation can be slightly sup-
pressed by keeping pool hall temperatures two
degrees higher than pool water temperatures i.e. 29
and 27°C respectively and by keeping pool side air
relative humidity levels between 60 and 70% RH. In-
creased activity in the pool or the presence of features
such asflumeswill increase

can no longer be profligate in the use of water and that
conservationisnecessary. A heat pump dehumidification
system can aid this by recovering up to 120 litres of
water per hour from the extract air.

HEAT PUMPDEHUMIDIFICATION

Figure 1P13 shows a schematic of a heat pump dehu-
midification system (also refer to section 7.5). Theaim
of thissystemisto extract warm humid air from the poal,
remove sensible and latent heat from it and use this heat
to re heat the pool water and the mix of fresh and dehu-
midified air supplied to the

the evaporation rate.

pool hall. Top up air heating

Evaporation of water from is provided by a Iphw heat-
In the past problems were SWimming pools creates a ing coil supplied by gasboil-
avoided by smply extracting : . T ers or a CHP unit (section
thehumid air out of the pool hlgh relative humldlty 121).
hall. This however, causes atmosphere which causes
wastage of both energy and discomfort and damages the Finally substantial savingsin

water. Energy wastage takes

energy and reduced

two forms firstly the sensi- structure if left unchecked. evaporation are achieved by

ble energy used to heat up
the pool air and secondly the latent energy contained
in the water vapour (see IP6). This latent energy is
lost from the pool water itself during evaporation
(approximately 0.7 kW per litre) and causesareduction
in temperature. If this energy cannot be recovered
frommoistureintheair, additional heat input from the
boiler systemwill berequired. It should thereforebea
target of any design that latent energy should be
recovered. Latent heat is released, and so can be
recovered using aheat pump dehumidification system
which condenses the water vapour back to aliquid.

An additional problem with pool hall air isthat it con-
tains chloramines. Thisis pollution, giving poolstheir
characteristic odour, arising from the water treatment
system and the bathers themselves. A fresh air sup-
ply is necessary to reduce the concentration of chlo-
raminesby dilution.

Water conservation is increasing in importance.
Supplies are becoming more scarce resulting in short-
ages and rising prices. This has been brought about
by increasesin consumption and hotter summerscre-
ated by global warming. It therefore follows that we

using pool covers when the
pooal is not being used.

Warm, dry air
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Two stage heat pump, pre cool then dehumidify
increses energy recovery efficiency by 20%

Figure IP13 Heat pump heat recovery ahu
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consider the cooling equipment on which all air con-
ditioning systems are based.

5.1 Cooling

Towarm air or water energy intheform of heat must
be added to it. The converseis also true, to reduce
the temperature of air or water energy must be re-
moved from it. The system which isused by the ma-
jority of air conditioning systems is based on the
vapour compression cycle. A lesscommon systemis
absorption chilling (section 5.2)

It should be noted that the term "cooling” usualy
relates to the direct production of cold air whereas
the term "chilling" relates to the production of cold
water. This cold water isthen circulated through the
cooling coil of anair handling or fan coil unit to cool
theairflow.

Vapour compression cycle. Most people havedaily
contact with cooling caused by the vapour compres-
sion cycle in the form of the domestic refrigerator.
Therefrigerator isauseful exampleto keep in mind
whilst considering how the system works. Cooling
systems used in buildings use the same principle
but on adifferent scale. Figure 5.1 showsthe compo-
nents of avapour compression chiller.

Waste
heat
removal

Condenser coil

\

Gas

Liguid 35¢

30C

. Expansion
valve

Compressor

(%as/Liquid
3C

S

Evaporator coil

Chilled
air or
water

Figure 5.1 Vapour compression chiller
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The main components are an evaporator coil, a com-
pressor, a condenser coil, and an expansion device.
These components are connected together using cop-
per pipethrough which refrigerant circulatesin aclosed
loop. Cooling isachieved in thefollowing way;

Liquid refrigerant isforced through the expansion valve.
Astherefrigerant leaves the expansion valve its pres-
sure is reduced. This alows it to evaporate at a low
temperature. For any liquid to evaporate it must absorb
energy. Therefrigerant evaporates by removing energy
from the evaporator coil which in turn removes heat
from the air which is flowing over it. Hence the air be-
comes cooled. The refrigerant, now in a vapour state,
leaves the evaporator and passes through the compres-
sor. The pressure is increased causing the refrigerant
vapour to condense in the condenser coil. This occurs
at arelatively high temperature. Astherefrigerant con-
denses it releases the heat it absorbed during evapora-
tion. This heats up the condenser coil. Air passing over
the condenser coil takes away this waste heat.

Intermsof adomestic refrigerator the evaporator would
be situated in the ice compartment and the condenser is
the grid of piping at therear of therefrigerator whichis
warm to the touch. In building cooling systems signifi-
cant amounts of waste heat are produced at the con-
denser and various techniques are used to safely re-
moveit from the building. The method of heat rejection
depends on the amount of waste heat produced and
operational decisions such asthe choice between using
a dry system or a wet system. Air cooled condensers
are discussed together with condensers utilising water
insection 7.3.

The evaporator and condenser coils are simply arrays
of copper pipewith auminium finsmechanically bonded
to their surface to increase the area for heat transfer.
The following sections will consider refrigerants and
compressorswhich aretwo of the more complex compo-
nents of vapour compression chillers.

Refrigerants. Refrigerants are liquids that evaporate
very easily at relatively low temperatures. Refrigerants
aresovolatilethat if aliquid refrigerant wasspilledina
room at normal temperatures it would very quickly
dissapear by evaporation. Refrigerants must posses
good thermodynamic properties but also have low
toxicity and low flammability. Refrigerantsare also the
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It is estimated that 20% of refrigerant based systems
will develop a leak resulting in a complete loss of
refrigerant chargeduring their operational lifetime. De-
pending on the type of refrigerant the risks from this
vary fromfireand toxicity to global warming and ozone
depletion. There are a number of methods of
minimising or avoiding these problems. Theseinclude
reducing the volume of refrigerant in the equipment,
developing benign refrigerants, good practice
including servicing, designing systemsto avoid leaks
and detection and rectification
of leaks.

aglowing patch of dye. Inthisway the exact location of
the leak can be pin pointed. Unfortunately the leak can
only be detected if the system is inspected regularly.
The second type of leak detection involves drawing a
sample of air surrounding the refrigeration equipment
into agasanalyser. Theanalyser will detect and warn of
the presence of refrigerant in the air sample indicating
that aleak was occuring. This system can be set up to
continuously monitor a plant room for the signs of a
leak. Pin pointing the leak would require a further
inspection of the system
using either a hand held

REDUCTIONSIN
REFRIGERANT CHARGE

If aleak occurs the amount of
damage caused depends on
the volume of refrigerant that
has escaped. It follows
thereforethat if the volume of
refrigerant used to charge the
system can be reduced the
effects of atotal leak will be minimised. This can be
achieved in anumber of ways. The first method isto
reduce dependance on refrigeration equipment. This
can be achieved using passive cooling techniques.
Thismay eliminate the need for refrigerants completely
or reducethe size of the systemrequired. The second
involves chosing equipment that hasahigh efficiency.
This means more cooling can be carried out with less
refrigerant. Hydronic systems can be used where the
chilled water is created in alocal plantroom. Thisis
then used in the building rather than use refrigerant
pipework through the building which would increase
the the number of refrigerant components through
which aleak could occur.

system.

LEAK DETECTION

Refrigerant |eak detection takestwo forms, visual and
gasanalysis. Visua systemsrequire afluorescent dye
to be added to therefrigerant. If the refrigerant begins
to leak out of the system say through a loose joint
then thiswill berevea ed under an ultraviolet light as

Some refrigerant gasses
are known to damage the
ozone layer. However, they
can only do this if they are
allowed to escape from the
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detector or searching for
the presence of escaped
dyes as described above.

RECYCLING
REFRIGERANTS

OF

The production of a
number of refrigerants has
been banned under the
Montreal Protocol and EU
regulations. However existing stocks can still be used
to service older equipment. It followstherefore that the
refrigerant contained in systems about to be replaced
has considerable value to existing users. It isillegal
under the environmental protection act to release
substances into the environment which are known to
cause damage. Because of thisall refrigerant should be
removed from the system and stored before repair or
decommissioning.

If the recovered refrigerant is of good quality it can bere
used without further treatment. If the refrigerant is
contaminated with oils, acids, moisture or particlesthen
the refrigerant must be cleaned by filtration and
distillation before being re-used. Heavily contaminated
refrigerants must be reclaimed this requires that they
aretaken off site and purified to their original state.

A good network of refrigerant reclaimersand recyclers
isimportant to manage refrigerantsand deter thegrowing
trade of smuggling illegal refrigerantsinto the country.
See also | P15 - Refrigerants and the Environment.



subject of environmental concerns as described in
IP14 and | P15.The evaporation and condensation of
refrigerantsinachiller iscontrolled by lowering and
increasing the pressure using the expansion valve
and compressor respectively.

Compressor sareelectrically driven pumpsof which
there are three main types. These are; reciprocating,
rotary and centrifugal compressors. Reciprocating
compressorswork by alowing refrigerant to flow into
achamber on thedown stroke of apiston. Therefrig-
erant is then forced out of this chamber towards the
condenser asthe piston moves upwards once more.
Rotary compressors have two interlocked helical
screws which when rotated move refrigerant which
is trapped between the two screws aong the line of
the thread. Centrifugal compressors have arotating
impeller which forcestherefrigerant outwards against
the casing. Thisforceis sufficiently strong to drive
the refrigerant towards the condenser.

Compressorsarefurther classified aseither hermetic,
semi hermetic or open depending on the seals be-
tween the motor and the compressor it drives.
Hermetically sealed compressors have the motor and
compressor together inside a shell whose seams are
sealed by welded joints. Refrigerant isin contact with
the motor and compressor. Semi hermetic compres-
sors are similar but the joints are bolted rather than
welded allowing servicing to take place. Open com-
pressors have an external motor connected via a
shaft to the pumping mechanism. A seal around the
shaft stops refrigerant escaping.

The different forms of compressor are suitable for
different cooling load ranges. Reciprocating up to
180kW, Rotary up to 2MW and centrifugal in the
range 180kW to 3.5MW. Comfort cooling tends to
be of a lower cooling capacity and so uses
reciprocating compressors. Rotary and centrifugal
compressors are used for large capacity centralised
cooling systems.

5.1.1 Heat Pumps

Heat pumps are vapour compression systems, as de-
scribed previously, but they are used for space
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heating rather than cooling.

It can be seen that what the vapour compression chiller
isdoing isextracting heat from alow temperature space
and transferring it into an environment at a higher tem-
perature. Thisisthe basis of the heat pump (figure 5.2)
which uses the vapour compression cycle to absorb
heat from outside air and convert it to higher grade heat
for indoor space heating.

The theoretical efficiency with which the heat pump
carries out thisfunction is very high at approximately
300%. Thismeansfor every 1kWh of electricity put into
the compressor 3kWh of heat is obtained by the build-
ing. In practice however the operating efficiency tends
to belower. Thisisfor two main reasons. Thefirst isthat
the highest efficiencies are obtained when the inside
and outsidetemperaturesare similar. Thisisnot the case
inwinter when heat pumps are required for space heat-
ing. The second cause of thefall off in efficiency occurs
on cold winter days when the evaporator may become
iced up dueto low temperatures. Thisrestrictsheat trans-
fer acrossthe evaporator. This can be avoided by using
an electrical heater on the outside coil to defrost it or to
reversetherefrigerant flow direction. Both of whichre-
ducethe overall efficiency of the device.

Inside unit (condenser)

Reversing
valve

Outside unit (evaporator)
Figure 5.2 Reverse cycle heat pump in heating mode
Evenwith thisreductionin efficiency the efficiency with

which the unit uses electricity to provide heating is
higher than simpleresistive heating. The operating effi-
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ciency of the device can be increased if a body of
water is used as the heat source rather than the out-
side air. Thisis because the water will have a more
stable and higher temperature than the surrounding
air. Examplesare canalss, lakes, ground water or warm
effluent.

Rever secycleheat pumpsare very useful piecesof
equipment which can either heat or cool a space.
Thisfeatureis obtained by equipping the heat pump
with avalvewhich can reversethedirection of refrig-
erant flow (figure 5.3). Thedirection of therefrigerant
flow determines if the coil inside the building is a
cooling evaporator or heating condenser. Two ex-
pansion valves fitted with non return valves are also
required. Each expansion valve works in one direc-
tion only.

Reverse cycle heat pumps are particularly useful
where spaces may have arequirement for both heat-
ing and cooling but at different times. One applica-
tionisin shops where at the start of the day heating
may be required. Later in the day as the shop fills
with customersand heat isgiven out by display light-
ing, cooling may be needed to maintain comfort.

Inside unit (evaporator)

Compressor

Warmed

Outside unit (condenser)

Figure 5.3 Reverse cycle heat pump in cooling mode
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5.2 Absorption Chilling

Thereisgrowinginterestinamethod of cooling buildings
which uses gas as a fuel instead of electricity. The
technology is known as absorption cooling. The big-
gest differences between this and vapour compression
cooling isthat the compressor isreplaced by agasfired
generator and therefrigerant isreplaced by arefrigerant/
absorber mixture. A diagram of an absorption chiller is
showninfigure5.4. Thegenerator isfilled withamixture
of refrigerant and absorber (solvent) which can beeither
water/lithium bromide (>35kW capacity) or ammonia/
water. (>11kW). Note because water freezesthelithium
bromide/water units can only cool down to 5°C,
ammonia/water units on the other hand can cool down
to -10°C. The way the system works can be illustrated
using the ammonia/water pairing asan example. Inthis
casewater isthe absorber and anmoniaistherefrigerant.
The water is called the absorber, giving the processits
name, asitisso chemically attracted to ammoniavapour
that it absorbs it out of the atmosphere.

— — | ﬁ{:ject
mmonia vapour | heat
Condenser
) %)
0 9
Liquidjzn .
ammonia
Evaporator . Chilled
water
Generator | Water ] %Vap -
\ Absorber
\Gq)t}ling
i *L L |
Gas heater

Ammonia and water solution

Figure 5.4 Absorption Chiller

A concentrated solution of ammoniain water is heated
in the generator (figure 5.4) using a gas burner. The
ammonia component vaporises first, asit has a lower



I P15-REFRIGERANTS.AND.THE.ENVIRONMENT

During the last decade some refrigerants have been
identified as ozone depl eting gases and/or greenhouse
gases. As a conseguence the chemical companies
producing refrigerants have been working to find al-
ternative refrigerants which have a good blend of
physical and thermodynamic characteristics but do
not damage the environment if they escape. At the
same time governments have brought in legislation
which bans the production and use of the more
damaging refrigerants. The most well known of these
pieces of legislation is the Montreal Protocol on
substances which deplete the
ozonelayer. Thislegidation has

Global Warming Potential (GWP) - A measure of the
contribution the chemical makesto global warming in
comparison to CO, whose GWP = 1.0.

Table P15 below comparesthese indecesefor various
refrigerants. It can be seen that R134a has a zero ODP
but still hasaglobal warming potential. Environmental
groups are now campaigning against HFCs because of
their GWP. However, the dominant factor in global
warming is CO, emitted (from power stations) asaresult
of electrical consumption by the chiller rather than the
global warming effect of
escaped refrigerants. A

banned the production of the
most ozone depleting refriger-
ants and has set atime limit on
the manufacture of |ess damag-
ing refrigerants. Many
governments and the EU have
brought in morestrict legidation

warming

shortening timescales meaning 1

that bans are now in place.

Refrigerantsareidentified in the building servicesin-
dustry by arefrigerant number. For example, R11 and
R12 are chlorofluorocarbons (CFC's) which are highly
destructive to the ozone layer and their productionis
now banned. R22 is an hydrochlorofluorocarbon
(HCFC) which is less damaging to the ozone layer
than CFC'sand so its production isallowed until 2005.
Existing stockpiles of both refrigerants can still be
used. R134aisaHydrofluorocarbon (HFC) it contains
no chlorine and so does not damage the ozone layer.
However like other refrigerantsit isaglobal warming
gas.

There are three indicese that are used for comparing
the environmental effects of refrigerants;

Ozone Destruction Potential (ODP) - A measure of
how destructive the chemical isto the ozone layer in
comparisonto R11 whichissaid to havean ODP=1

Atmospheric Lifetime- Thelength of time, measured
inyesars, that therefrigerant remainsin the atmosphere
causing ozone destruction.

Some refrigerants have been
identified as contributing to
ozone depletion and global
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method of quantifying
the contributions from
eachisgiven by the Total
Equivalent Warming
Impact (TEWI). Thisisa
lifecycle analysis which
considers both the direct
global warming impact of
the escaped refrigerant
and theefficiency of therefrigeration system asawhole.

Environmental concernshave also led to renewed inter-
estin traditional refrigerants such asammoniaand pro-
pane. Both of these do not affect the ozone layer or add
to global warming. There are concerns over toxicity and
flammability of these refrigerants and so they should be
used externally and according to appropriate guidelines.
Absorption chillerswhich use amix of anmonia/water
(section 5.2) and waste heat which would otherwise be
wasted have alow contribution on global warming and
ozone depletion when compared to other systems.!

Refrigerant Type ODP | Lifetime | GWP
R11 CFC 10 60years | 1500
R22 HCFC |0.05 | 15years 510
R134a HFC 0.0 16years | 420
R290 Propane | 0.0 <lyear 3
R717 Ammonig 0.0 <lyear 0
Lithium Bromide 0.0 <lyear 0

Table IP15 Environmental |ndecese

1. Phone the ETSU enquiries bureau 01235 436747 to obtain a
free copy of Good Practice Guide 256: An introduction to
Absorption Chilling




boiling point than water, and passes into the con-
denser. The water which isleft behind passes back
to the absorber. Theammoniavapour condenses back
to liquid ammoniain the condenser giving out waste
heat. This heat is removed from the system by air
which isblown over the condenser by afan (section
7.3). The ammonia now passes from the condenser
into the evaporator viaan expansion valve. In doing
S0 its pressure drops and so it can evaporate once
more. It doesthis by absorbing heat from the chilled
water circuit. Chilling hastherefore, been achieved.
The ammonia vapour now passes into the absorber
whereit isabsorbed by thewater from the generator
to create a concentrated ammonia solution. Heat is
given out when the two chemicals combine. This
waste heat isalso removed by the condenser cooling
air flow. Theammoniasolution ispumped back to the
generator where the cycle continues once more.

The above device is known as a single effect
absorption chiller. Double effect units are also
availablewhich usewater and lithium bromide. This
solutionispre heated on itsway back to the generator
by passing it through aheat exchanger. Thisimproves
theefficiency of the unit. Double effect unitsrequire
a higher temperature heat source (>140°C) derived
fromadirect gasfired burner or pressurised hot weter.

Absorption chillersarelessefficient than vapour com-
pression chillerswithaCOP of approximately 0.7-1.2.
It followsthat more gas energy will berequired than
an equivalent electric chiller (COP = 3.0). However
the cost and pollution differentials will be reduced
because el ectricity costs and pollutes approximately
four times more per unit of energy than gas because
of wastage in the power stations. Contract gas prices
are lower till in summer when gas is needed for
cooling as less is needed for space heating.

Aswell asdirect gasfiring some absorption chillers
can be operated using waste heat. One form of sur-
plus heat is that generated by combined heat and
power units. In winter their heat output is used for
space heating. In summer this heat is surplusto re-
guirements and so can be used to drive the absorp-
tion chiller. Thisis known as trigeneration or com-
bined cooling and power. When heat, which would
normally be wasted, is used absorption chillers emit
much less CO, into the atmosphere than a vapour
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compression chiller for agiven cooling effect (see 1P15).
Research is currently underway which isinvestigating
thelinking of absorption chillers with solar panelsasa
source of generator heat. It is an advantage that the
appearance of large amounts of cost and pollution free
solar energy coincides with the need for cooling.

OTHERBENEFITS

Theonly electrical elementsin an absorption chiller are
the pumps used to move the ammonia/water solution
from the absorber back to the generator. These pumps
consume much less power and produce less noise and
vibration than acompressor. Thislatter point isuseful if
the chiller isto be sited near to anoise sensitive area.

The pump along with the air cooled condenser fan and
thegas burner fan arethe only moving parts. Therest of
the device consists of sealed metal chambers. This
configuration means that maintenance costs are low.

External, air cooled, modular packaged units mean that
cooling capacity can be easily expanded asthe building
is developed or as heat loads increase. Flexibility is
further enhanced asunitsare also available that provide
heating in winter and switch to cooling in summer.
Features and photographs of commercialy available
absorption chillers are shown on page 76.

SFLECTIONCRITERIA

From the aboveit can be seen that absorption chillingis
particularly appropriate where;

You have excess heat production from your CHP
plant in summer or aproduction processwhich can
be used to drive the absorption chiller

The electrical supply to the site is not robust
enough to supply the necessary electricity required
for vapour compression chilling and an expensive
upgrade would be necessary.

You wish to optimise the use of clean gasasafuel
throughout the year, not just in winter

You have a source of low cost or free heat energy
available such assolar energy or heat released from
the combustion of landfill gas.
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Is the building envelope
sealed e.g to avoid noise

START

Does your building have consistently high
heat loads e.g.computers, lighting
or high occupancy resulting in temp-
eratures regularly exceeding 28°C?

Can your design be modified to

reduce heat loads e.g. by reducing

south facing glazed area or by using passive
cooling techniques (page 70)?

NG, ° YES

Is close control of humidity
required e.g art galleries?

Can you restrict the floor area of
air-conditioned space e.g. by grouping
all computers together in a suite?

Is ventilation required
with the cooling e.g
in a room away from
perimeter windows?

Is ventilation critical
e.g. where moisture
or odours build up €.g o
kitchens (page 59)?

Is the ventilation rate
of the room critical

e.g. for good air N
quality?

YES

. DUAL DUCT system
,Itﬁ the Ilf’(i.at'oﬂ of (Constant air volume)

€ poliution Known _yay system (page 119)
e.g. a cooking range? (page 117)

NATURAL VENTILATION

by infiltration is needed NO, Is the room a small

single room e.g.
an office?

PARTIALLY
CENTRALISED
AIR/WATER
SYSTEM (page 119)

and pollution entry froma EXTRACT VENTILATION Is th(_ere a
nearby busy road?  NQ YES provided near source of ;Sﬂﬁggg:%nt
pollution (page 63) alongside the
NO YES cooling e.g some WINDOW SILL, PORTABLE

south some north OR SPLIT A/C (page 81)
facing areas?

SUPPLY VENTILATION BALANCED VENTILATION
(page 63) (page 63)
SPLIT OR MULTI SPLIT UNIT  VRF or MULTI SPLIT with
(page83) electric re heat (page 83)

This ventilation and air-conditioning selector chart is for guidance only, It is intended to illustrate some of the issues involved in the selection process. There are other
issues involved which are not considered here and which may take priority, these include; Capital and maintenance costs, Cooling capacity and Energy consumption. To
be able to make comparisons, these later factors are stated in pounds or watts per square metre of treated floor space. It is likely that in the future the decision to air-
condition a building will be subject to building regulation approval. For further details on selection criteria consult the CIBSE Guides or phone BRECSU on 0800 585794

and ask for a free copy of Good Practice Guide 71: Selecting Air Conditioning Systems.

HOL1D3T3S'ONINOILIANOD-HIV'ANVY'NOILVYTILNIA-QT d |



6.0 Local Comfort
Cooling Systems

Comfort cooling systems operate by circulating room
air over the evaporator coil of avapour compression
chiller so that it becomes cooled. The system also
includes a method of rejecting the waste heat from
the cooling process outside of the building.

The vapour compression cycle is used in a number
of commercial room cooling products. Themain vari-
antsare; Window sill, split, multi split, variablerefrig-
erant flow air conditioners, water to air reversecycle
heat pumps and chilled water fan coil units.

Window sill air conditioner sarethemost basicform
of cooling system. They aretypically used asaretro-
fit solution to an overheating problem which may
have arisen due to the introduction of computers
into an office space. The refrigerating equipment is
contained within acabinet which sits on thewindow
sl (figure6.0).

|1
/ Mm
Room air
inlet

Window reveal

Condenser

Path of
outdoor
air

Evaporator

Room air
outlet

Figure 6.0 Window sill air conditioner

The window must be modified to seal the remaining
gap above and to the sides of the unit. Theroom side
of theair conditioner is sealed from the outdoor side.

Air is drawn by afan from the room, through a filter,
over the evaporator coil and then is returned, chilled,
back to the room. At the sametime outside air is circu-
lated over the condenser coil to carry away the waste
heat. All the controls and the compressor arefitted into
the casing to create a self contained unit.

Portable air conditioners are based on the same princi-
ple except that the cabinet is designed to be moved into
different roomsasrequired. A length of flexible ducting
which runs from the cabinet to the outside through an
available opening such asawindow is used to discharge
waste heat out of the building.

Split air conditioning systems. Split air conditioning
systems are so described because the evaporator is
housed in aroom unit and the condenser ishoused in a
separate outdoor unit. Refrigerant flow and return pipes
connect the two units together. The indoor unit can be
wall or floor mounted or accommodated within a sus-
pended ceiling. The finish of the indoor unit is of high
quality to integrated with the appearance of the room
decor or suspended ceiling panels.

A diagram of aceiling unitisshowninfigure6.1. A fanis
used to draw room air across the evaporator to provide
the necessary cooling. Chilled air isthen output viadi-
rectional slots. These sots are adjusted to keep the cold
airstream away from the room occupants so that cold
draughtsareavoided. Thechilled air mixeswiththeroom
air outside the occupied zone. Themixed air eventually
diffusesthroughout theroom to createthe cooling effect.

Fan
‘ Refrigerant
Finned evaporator flow and return
coil curved around pipes
the fan
Suspended

ceiling tile HIH '
o 1T I
=TT
Cool air

returned
to room

Warm room air
into ceiling unit

Figure 6.1 Indoor unit (cassette) of a split air condi-
tioning system
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The outdoor unit (figure 6.2) contains the condenser
whichisair cooled. The condenser likethe evaporator
has its surface area increased using fins. A fan is
used to draw outside air across the condenser to
discharge the waste heat to atmosphere. The outdoor
unit can be placed a considerable distance (up to
50m pipelength including 30m vertical rise) from the
indoor unit. Thisallowsflexibility of designand sym-
pathetic positioning of the outdoor units on the ex-
ternal surfaces of the building.

[
| \
Cool

outside
air in

iy

R

gt
i

o O
SEE
OQE
== \

Feet for roof —

\

Refrigerant
flow and
return connections

mounting

Figure 6.2 Outdoor unit of a split air conditioning
system

Multi split air conditioning. Is based on the same
principle as single split air conditioning except that
up to four indoor units can be served by a single
outdoor unit. Each indoor unit has its own set of
refrigerant pipe work connecting it to the outdoor
unit. All of theindoor units operatein the samemode
i.e. al heating or all cooling, athoughindividual con-
trol of thedegree of heating or cooling from off to full
output can be exercised over each unit. Someindoor
unitsarefitted with el ectric heaters so that whilst the
multi split group is operating in cooling mode odd
single units can provide a degree of hesating.

Variablerefrigerant flow (VRF) air conditioning. In
this system up to eight indoor units can be operated
from a single outdoor unit. The main advantage of
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this system over multi splitsisthat each indoor unit can
operate either in cooling or heating mode independently
of the other units. Thisisachieved by having collection
vessels for both vapour and liquid refrigerant (figure
6.3). A sophisticated control system redirectsthesetwo
refrigerant phases to the indoor units as required. Asa
consequence VRF air conditioning systems incorporate
heat recovery in their mode of operation. Waste heat
say from rooms on the south side of the building can be
re distributed by the refrigerant to indoor units on the
north side of the building. The distance between indoor
and outdoor units can be up to 100m including avertical
riseof 50m.

Condenser Thermostatically B t
\ Receiver controlled expansion vaporator
valve
—T1 >
< L

@

. Indoor unit

A

unit
Accumulator

| || @73

Common refrigerant
A

Compressor

Fan
1 1
Outside _,\J—g i
1
1
1

pipes to each
indoor unit v

Figure 6.3 Variable refrigerant flow system

Filtered and tempered air can be supplied to each unit
from acentralised air handling unit to provide ventila-
tion aswell as heating/cooling.

Water toair rever secycleheat pumpsareaheat pump
system which gives the opportunity for efficient
operation through heat recovery. The water to air re-
verse cycle heat pump system is also known as the
versatemp system after thefirst commercial system pro-
duced by Clivet Ltd. The system (figure 6.4) is com-
prised of room based reverse cycle heat pumps. These
heat pumpshavean air coil which suppliesheat or cool-
ing to the room depending on the direction of refriger-
ant flow. The other coil is part of arefrigerant to water
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heat exchanger. The water flow and return pipes to
this heat exchanger connect into common flow and
return pipes which also serve other reverse cycle
heat pumps throughout the building.

| <

Chiller

Reverse cycle
heat pump

1
L Boiler 1 @ :Cold

1 air

A

Heat to water circuit

1
@ § \ Warm
air

Heat removed from
water circuit

Water flow
and return

pipes

4

Figure 6.4 Water to air reverse cycle heat pump
system

Heat pumps operating in cooling mode will extract
heat from the room and deposit it into the water cir-
cuit. Other heat pumps which are in heating mode
will take heat from the circuit. In thisway the reject
heat say from computer rooms can be recovered and
deposited into rooms requiring heating. If it is re-
quired additional heating or cooling can be input to
thewater loop using boilers or chillersrespectively.

Chilled water fan coil units. Thissystem of comfort
cooling uses a centralised chiller to produce cold
water. This water is then distributed to room based
fan coil units (figure 6.5). The fan coil units provide
cooling in a similar manner to split system indoor
units. The difference is that the heat transfer cail is
filled with cold water instead of refrigerant. The units
can be floor or wall mounted or recessed into a sus-
pended ceiling.

There are anumber of advantages to this system;

. Fewer constraints on the number of room
based units
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The distribution system uses chilled water
instead of refrigerant. Asaresult part of the system can
be installed by tradesmen used to water systems as
opposed to specialist refrigeration engineers.

Chilling and heat rejection occurs in the cen-
tralised chiller. This may be in a plant room or on the
roof top. The charge of refrigerant is therefore reduced
and sincethelengths of refrigerant pipework are shorter
therisk of leakageisdiminished.

Use of hydronic circuits and low fan speeds
results in quiet operation making the units useful for
noise sensitive locations.

Supplying the chilled water fan coilswith fresh air using
ducting bringsthe system closer to apartialy centralised
air/water system as described in section 8.0

Refrigerant Chilled water
side side
Condenser Wat
ater pump
Air \ Evaporator Room unit

AV

|

3

O

y

T

oOr— 0" 5 1
\
Fan

A

Chilled water coil

|
Refrigerant
to water
heat exchanger

/
Chilled water
return from A
other fan
coil units

Chilled water
flow

Figure 6.5 Chilled water fan coil units
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7.0 Centralised Air Con-
ditioning Systems

Centralised air conditioning systemsdiffer from com-
fort cooling systems described previously in that they
are able to humidify or dehumidify the airstream in
addition to providing cooling, heating and filtration.
These changes are applied to the air using an air han-
dling unit situated in the plant room or enclosure on
the roof. The conditioned air is then delivered to the
rooms using ducting.

At the heart of acentralised air conditioning systemis
anair handling unit (AHU) (figure 7.1and IP17). Thisis
apressed steel cabinet containing the various compo-
nents needed to condition the air which passes
throughit. Air isbrought into the air handling unit via
aninlet grillebuiltinto an external wall. Thisshould be
located to avoid sources of dust and pollution such as
near by roads. If cooling the building isapriority then
anorth facing inlet grille will provide cooler inlet air
temperatures. Rooftop inletsare often usedin citiesto
avoid ground level pollution. Air enters the AHU
where it is suitably conditioned by passing through
filtration, heat recovery, humidity control and chilling
or heating stages. A centrifugal fan drives the air

movement through the AHU.
7.7 Ducting 7.9 Delivery
7.8 Dampers systems
71 From .
Filter Fresh Filter \ room, /-6 Diffusers
\ air in \
Fan
To
rogmi
Stale
al
Ba - I+
4.4 Heat
recovery o f
7.2 Pre Re-hefﬂlt\Second'.aury
heating 7.4 Humidifier | coil filter

coil 7.3 Cooling coil

7.5 Dehumidification

Figure 7.1 Air handling unit including heat recovery

Centralised air conditioning systems must have some
way of responding to changes in demand for heating
or cooling within the occupied spaces. Thisisachieved
intheway that conditioned air isdelivered to therooms.
The methods used are; constant volume systems, vari-
ableair volume (vav) systems and dua duct systems.
Each of thesewill bediscussed in section 7.9 following
adescription of the main componentsin a centralised
air conditioning system.

Herewewill bediscussing componentsinrelationtoa
centralised air conditioning system but it should be
remembered that many of the componentsare also used
in other systems. For examplefiltersand heating/cool -
ing coils are used in fan coil units (section 8.0) and
ducting is used whenever air movement needs guid-
ance such as in extract ventilation systems (section
42).

7.1 Filtration

Air carrieswith it alarge quantity of suspended parti-
clesincluding dust, fibres, bacteria, mould and fungal
spores, viruses and smoke. It also carries gaseous
pollutants such as benzene, NO,, SO, and other odours
emitted from vehicle exhausts. This is especially so
wherebuildingsaresited in urban areaswherethereis
typically twenty times as much dust per cubic metre of
air than is found in rural areas. The particles in the
airstreamvary in sizefromthevisible such ashair and
ash to the microscopic such as bacteria and viruses
(IP18). It is essential that air passing through an air
handling unit isfiltered to removetheseimpurities. In-
adequate removal of these particles leads to problems
of poor air quality and ill health. Dust particles
accumul ate on heating/cooling coilsreducing their ef-
fectiveness. Ductwork surfaces become coated in dust
providing abreeding ground for bacteria. Finaly, the
presence of dust in the airstream leaving an air outlet
causes unsightly dirty streaks on adjacent surfaces. In
1996 health and safety regulations concerning
ventilation system maintenance and cleaning camein
toforcerequiring that ductwork be cleaned on aregular
basis.

There are two methods by which air can be filtered
these are mechanical filtration and electrostatic filtra-
tion. Gasesand vapoursareremoved from the airstream
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using the process of adsorption.
MECHANICAL FILTERS

Mechanical filtration involves passing the airstream
through a porous material known as the filter media
Thematerialsare usually fabrics, glassfibre, non-wo-
ven synthetic materials or paper. Each is held across
the airstream by a supportive framework. The capture
process involves three mechanisms; Direct
interception, inertial impaction and diffusion. These
involve either directly stopping large particles as a
result of asinglecollision or by gradually Sowing down
smaller particlesby multiple collisionswith successive
fibres. Eventually the small particle loses energy and
comes to rest. A fourth capture mechanism for some
filtersisto give the fibres an electrical charge during
manufacture. Thiswill attract dust out of the airstream
but the effectivenesswill reducewith time asthe charge
islost.

Since filters are required to be changed regularly it
makes senseto construct themin arobust and effective
way but cheap enough to be disposed of at the end of
their life. It also makes sense to utilise the grades of
filtersin such away as to extend the life of the most
expensive filters for as long as possible. The
effectiveness of lower grade (G2-G4) (see IP18) pad
and panel filters can be enhanced by using afilter media
of graduated density. This means that the back of the
filter will have smaller poresthan thefront, and therefore
will be able to capture a broader range of particulate
sizes.

Pad Filter sare used asthefirst bank of filtersto prevent
large particles from entering the system. A single flat
sheet of material, they are held in a card or re-usable
steel or lightweight & uminium frame. They protect the
higher grade, and hence more expensivefilters, nextin
line. They are normally referred to as Primary Grade
Filtersranging from G2 to G4 in classification.

Panel filters. Asshowninfigure7.2, thefilter mediais
folded into pleats. Thisextendsthe mediasurface area
when compared to theflat pad of material inapadfilter.
The filter media is backed by an open strengthening
grid and is then sandwiched into a card, wire-mesh or
plastic frame. This panel can be easily dlid into posi-
tion in ametal holding frame in the air handling unit
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(AHU). They are particularly suited to AHU's which
have insufficient depth to accommodate a bag filter
(see later). When the filter requires changing it is
removed, disposed of according to regulations, and a
replacement inserted in the same manner. Somefilters
of thistypeareavailable asprimary filters (usualy G4)
but more commonly are used for grades F5-F8 and asa
secondary filter.

Filter media pleated

to extend surface '

area for dust
collection
/ < ‘// -

Disposable card front frame

a similar back frame is glued
to this to hold the filter media
in place

Figure 7.2 Pand filter

Anti-microbial filters. Thisis a panel filter surface
sprayed or impregnated with biocides. The biocides
used fall into one of two categories: inhibitor or
eradicator. Inhibitors simply prevent the micro-
organism from reproducing an eradicator Kills it
completely. The range of micro-organisms against
which the biocide will be effective includes various
typesof bacteria, algae and yeasts. Anti-microbidl filters
are most commonly used in hygiene sensitive areas
such as hospitals or food processing outlets. They are
however being increasingly used in office
environmentsto improve general indoor air quality and
health. All gradesof filter areavailablefrom G2 to F9.

Bag Filter shaveafilter mediumwhichisformedintoa
bag and held in place by ametd or plastic frame (figure
7.3). The seams are well sealed and it is mounted so
that the open end of the bag faces the oncoming air-
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The standard method of
testing to evaluate
performanceof air filtersin
general ventilation and air
conditioning isBS6540
(EN779:1993, European
Standard). The test
consists of two parts:

A: The synthetic dust
weight arrestance test -
providing an arrestance
valuewhen thefilter isfed
with ablended synthetic
dust.

B: The atmospheric dust
spot efficiency test -
giving an efficiency value
produced using an
atmospheric staining
technique.

Thefollowing valuesare
obtained

Initial efficiency -

The efficiency of thefilter
against carbonaceous
staining contamination in
its clean state.

Initial arrestance - the
effectiveness of thefilter
against large particul ate
matter in its clean state.

Both efficiency and
arrestance have average
values which represent
performance at the
average condition of the
filter throughitslife.

Particle Size Band 50 10 5.0 1.0 0.1 0.01
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Atmospheric
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l

Approximate
Distribution of
Atmospheric Air
Sample:

Plant Spores and Pollens
|

| Bacteria

Atmospheric Staining |
|

Exhaust Smoke/Fumes |

Tobacco
Smoke

Welding Fumes |

[ Viruses
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Figure IP18 Dust particles, their sizes and appropriate filter grades

This chart has been reproduced with permission from publication NFC4 produced by the Nationwide Filter Company Ltd. 5 Rufus
Business Centre, Ravensbury Terrace, London, SW18 4RL. Tel +44(0) 20 8944 8877.
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flow. Providing that the bag has sufficient depth this
form greatly extendsthe surfaceareaover whichfiltra-
tion can take place and as a result bag filters have a
long life, ahigh dust carrying capacity and offer alow
resistanceto airflow. To minimisetherisk of sagging or
collapse, some bag filters are manufactured with
spacers to help the individual pockets remain open
even at reduced airflows. Bag filters are usually
availablein gradesfrom G4 to FO.

v
| Filter media
e <) formed into
‘ bags
/ 5
Airflow Frame - metal, plastic

or cardboard

Figure 7.3 Bag filter

High Efficiency Particulate Air (HEPA) Filtersare
panel filters with extremely fine filter media with
collection efficienciesranging from 99.95 to 99.999%.
To extend the life of a HEPA filter it must be used in
conjunction with at least one pre-filter. HEPA filters
may be included in the main area of the ahu or only at
theair inlet grilles serving those rooms which require
the cleanest air. HEPA filters are used where a very
clean environment is required such as in micro elec-
tronics and pharmaceutical manufacturing and storage
areas for documants and artefacts. An even higher
grade of filter, the UltraLow Penetrating Air (ULPA)
filter is used in environments where ultra clean air is
required such as the nuclear or space industries.

ELECTROSTATICFILTERS
Electrostatic filtersremove dust from the air by electro-

static attraction. Dust laden air entering the unit passes
over an ioniser (figure 7.4). This induces a positive
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electrical charge on the dust particles. The airstream
then passes between positively and negatively charged
plates. The positive plates repel the charged dust par-
ticlestowardsthe negative plateswhich are at the same
time attracting the dust particles. The dust collects on
the negatively charged plates.

Charged dust Alternate positively

particle and negatively
charged plates
\\ E%
Dust °+§/e 2 Clean
laden ° air
air
o
=
/ |
Pre-filter loniser Collector After filter

plate

Figure 7.4 Electrostatic filter

Electrostatic filters have a mechanical pre filter to
remove the larger particles and a post filter to collect
any large clumps of aggregated dust which may
become dislodged from the unit. Some units have au-
tomatic cleaning systems which periodically wash
down the collector plates which become coated in ac-
cumulated dust. In other systemsthe collector array is
removed viaaside hatch for cleaning beforere assem-
bly.

Electrostatic filters once seen as a low maintenance
low pressure drop option have recently fallen out of
favour. Thisisdueto theincreased cost of mechanical
parts and the high cost of replacement plates that
become less effective after 'pitting' and accumulation
of inground atmospheric particul ate staining.

ACTIVATED CARBONFILTERS

Activated carbon filters are used to remove gaseous
pollutants and odours from the airstream which cannot
be removed by mechanical or electrostatic filters. The
carbonaceous material isfirst processed to produce a
char and then heated to 800-1000°C to giveit itsmicro-
pore structure which enabl esthe adsorption of gaseous
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There are two criteria used to compare the perform-
ance of filters. The first is the pressure drop which
occurs from one side of the filter to the other. This
pressure drop arises due to the resistance that the air
encounters passing through the small poresin the me-
dia. The smaller the pores the greater the resistance.
The second criterionisthefiltersability to remove dust
from the airstream, measured in terms of thefilter effi-
ciency. Various standard test methods exist (BS6540)
(see IP 18) which involve measuring how much dust
thereisin the air upstream and downstream from the
filter. Theremoval efficiency of thefilter, expressed as
a percentage can be calculated from these two values.

The efficiency will depend on the size of the dust par-
ticlesand the pore size of thefilter media. Sofor exam-
pleacoarsefilter witharela-
tively largeporesizewill have

FILTERREPLACEMENT

If filters are to carry out their role of dust extraction
from theairstream whilst not affecting the air movement
considerably they must be replaced by clean filters at
regular intervals. This can be carried out using routine
maintenance or condition based maintenance.

Routine maintenance involves making a decision
based on previous experience, knowledge of dust
conditions in the building and filter performance to
determine a period after which the filter should be
changed. Sofor examplethefiltersinanair conditioning
system may be routinely changed every six months.
Thisisasimple method but may mean that the system
operates with dirty filters for atimeif the filters have
clogged up quicker than
expected. It could also mean

a high efficiency at collect-
ing large particles but alow
efficiency at collecting
smaller particles. Materials
withsmall poresizesaregood
at removing both the large
and small suspended matter.
They do however, cause a
greater pressure drop within
the system. A large pressure
drop will necessitate the use of a higher capacity fan
which will increase the electrical consumption of the
system. A common compromiseisto select amedium
grade filter even though this may not necessarily
providethequality of air required. Oneway of avoiding
this compromise and reducing the pressure loss in
higher grade filters, is to increase the surface area
through which the contaminated air can flow. Thelist
bel ow shows how weincreasetheworking areaof filters
as the grade increases to maintain an acceptable
working resistance. Face area600x600mm inal cases

remove it.

Type Aream?
low grade pad filter 50mm deep 036
medium grade 4 bag filter 400mm deep 192
high grade 6 bag filter 600mm deep 55.76

Modern developments include the 'rigid pack' paper
filledfilter a600x600x300mm unit can provideaworking
areaupto 18m?

Systems that concentrate
movement of air also
concentrate the dust and
grime contained in it.
Filtration is the only way to

that if the dust load is low
relatively clean filters are
being removed and replaced.

Condition based
maintenance avoids the
problems encountered with
routine maintenance. Filter
changing is based on the

I o state of the filters

rather than an assumption of their condition. The
system works as shown in figure 1P19. Transducers
either side of the filter monitor air pressures. The
pressure at point P, will always be higher than P, due
to the resistance of the filter. However when the filter
beginsto clog up this pressure differential will increase.
The pressure transducers can be observed manually
or thesgnalsfedintoaBEM S systemwhichwill inform
the building operators that the filters need changing.

Pressure Transducers

On 0P

——

—
—>

Filter

Figure IP19. Monitoring filter condition



contaminantsand odours. While most activated carbon
filters are made of base carbon, the carbon can be
impregnated to improve its ability to adsorb certain
types of contaminant such as nitrogen dioxide(NO,)
and sulphur dioxide(SO,) which are particularly
damaging to documentsand works of art. Carbonfilters
can be constructed of loose carbon, bonded carbon
biscuits, carbon impregnated paper or fibre and pleated
granular mat depending on theapplication. Thefilteris
commonly housed in ametal frame and should always
be preceeded by a pre-filter. In certain instances the
carbon can be reactivated and reused at the end of its
life

The degree of effectiveness of a carbon filter is
generaly related to the amount of time that the air
spends within the carbon. Thisis known as the dwell
time. The greater the dwell time (lower theair speed or
greater the carbon area) the more effective the carbon
filter will be at odour or gas removal. Pressure |osses
through carbon filters can be high and manufacturers
should be consulted to select a filter to optimise gas
removal and minimise pressuredrop.

7.2 Heater Coail

One of the functions of an air handling unit is to heat
the incoming airstream. This can be achieved using
direct heaters such aselectrical heating elements. How-
ever itismore commonly achieved using heater coails.
Heater coils are composed of a staggered grid of cop-
per pipes conveying heated water between flow and
return headersasshowninfigure 7.5. The pipescan be
connected by return bends which allows the flow and
return headers to be at the same side of the heating
coil. Coil heat output is improved by increasing the
number of pipe rows. Low, medium or high tempera-
ture hot water or steam flows through these pipes in
parallel assuring equal distribution of heat across the
heater coil face. Attached to the surface of each tube
are aluminium or copper fins. These finsincrease the
surface areafor heat transfer between the hot coil and
the airflow. Further increasesin heat output are possi-
ble by corrugating thefins, but thisdoesalso increases
the resistance the air experiences when passing
through the coil.

Temperature control is achieved by fitting atempera-
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ture sensor into the rooms being heated or the extract
duct work. Thissignal isfed into acontrol unitandis
used to set the position of avalve supplying hot water
from the boilersto the flow header. If the temperature
of air in the extract duct work is higher than the room
set point then the hot water flow to the coil will be
modulated down or shut off. Thereby preventing fur-
ther unnecessary heating of the room.

Return

header Mild steel frame

Cut away
to show
flow pipe NG
N\ i
Flow
A\ Al header

e

Return

Heat exchange
fins

NN AAAD A

‘P Flow
<

Figure 7.5 Heater cail

7.3 Cooling Cail

Cooling of theairstreamisachieved by bringingitinto
contact with acold surface. The cold surfaceisacool-
ing coil. The cooling coil can be either adirect expan-
sion (DX) cooling coil which is the evaporator of a
vapour compression chiller or it may be a water coil
similar to the heating coil described above. It differs
from the heating coil in that a mixture of water and
antifreeze (glycol) circulatesthrough it rather than hot
water. Thismixtureiscooled using achiller.

WASTEHEAT REJECTION
Vapour compression chillers have been described pre-

vioudly insection 5.1. An alternative method of cooling
called absorption cooling is described in section 5.2.
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Refrigeration plant is equipment which converts
electricity into coolth. Coolth isthe same stuff asheat
i.e. thermal energy except that it hasanegative value.
In other wordsit ishest being removed from something
causing areductionintemperature. M ost refrigeration
systems are based on the vapour compression cycle
and this information panel will concentrate on this
system.

From thisit can be seen that for the COP to be high the
difference between T, and T, should be small. Since T,
is set by system requirements the variable is T, , the
ambi ent temperature surrounding the condenser. taking
asplit cooling system asan example, what thismeansin
practice is that when the outside air temperature
increases the efficiency of the system will fall. Thisis

unfortunate since most

coolingisrequiredin summer

The energy consumption of
a cooling system is by two
principle components.
Firstly by the compressor,
and secondly by any fans or
pumps used to remove waste
heat from the condensor and
remove coolth from the
evaporator. The compressor
consumes the majority,
approximately 95%, of the
energy input to the
refrigeration equipment.

efficiency!

COEFFICIENT OF PERFORMANCE (COP)

Theefficiency of acooling systemisnormally called
the coefficient of performance or COP. The COP of a
real system is given by;

Cooling Capacity (kW
Total Power Input (kW)

CoP=

Typica COPsfor coolingare1.5t02.0whichindicates
that you can achieve 2kW of cooling for the
consumption of 1kW of electricity. Thiscompareswith
aCOP of 2.5to 3.0 if the refrigeration equipment is
being used as aheat pump. To study factors affecting
performance more clearly it is useful to look at the
formulafor the theoretical COP. Thisisgiven by;

coP= _T

——

T-T

12

where T, = Evaporator ambient air temperature (K)
T, = Condenser ambient air temperature (K)

It is unfortunate that
cooling is required in
summer as this results in
reduced system

94

when high ambient
condenser temperatures
prevail. However, therearea
number of thingsthat can be
done to improve this. The
firstisto increase the size of
the air cooled condenser
and ensurethat thereis good
airflow through thedeviceto
keep the ambient
temperaturelow. Thenextis
to consider evaporative
condensers (page 95) these use latent heat removal to
reduce ambient temperatures. Finally, stable low
temperature heat sinks should be considered such as
surface and groundwaters.

|ICESTORAGE

The efficiency of a chiller varies with the amount of
work itisrequiredto do. At low loadsthe efficiency will
be reduced. One way of overcoming this problem isto
use an ice storage system. |ce storage involves using
an undersized chiller to produce anicedlurry during the
night. Theiceisstored in aninsulated tank. Duringthe
day the chiller would not have enough capacity to satisfy
the cooling demands of the building. However by
operating the chiller at full load and drawing additional
coolth from the ice store the building cooling demand
can be satisfied.

The advantages of the system is that the chiller oper-
ates most of the time at full load and hence peak effi-
ciency, it also provides a good proportion of the cool-
ing requirement of the building using cheaper night time
electricity tariffs. Both of these contribute to reducing
operating costs.



This section will look at methods of condenser heat
rejection.

Chillers generate a large amount of waste hesat. In a
domestic refrigerator, which we have used asan exam-
pleof an every day chiller previously, thewastehesat is
simply allowed to enter the kitchen via the condenser
coil at therear of therefrigerator. However, inair condi-
tioning systems the amounts of waste heat in-
volved are too great and would cause serious over-
heating in the plant room. Because of this the waste
heat must be safely rejected outside the building. There
are three main ways in which waste heat is removed
from the condenser. These are by using; air cooled
condensers, evaporative condensers or water cooled
condensers.

Air cooled condenser s(figure 7.6) have been described
previously intheir application to split air conditioning
systems. They are predominantly used for smaller cool-
ing loads (lessthan 100kW) although they are used for
rejecting up to threetimesthisvalue mainly dueto the
fact that water isnot used intheir operation. Thismeans
maintenance costs are low.

Condenser Frame

: Waste heat [\
_— —>

, Cooling i .

. airflow / \
—_ > /: U >
i Fan |

Refrigerant

Figure 7.6 Air cooled condenser

Evapor ative condenser s. Aresimilar to air cooled con-
densers except that their heat rejection capacity isin-
creased by spraying water over the condenser coil (fig-
ure7.7). Asthiswater evaporatesit absorbs heat. Cool-
ing of the condenser coil istherefore achieved by both
sensible and latent means. The practical implication of
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this is that the unit has a smaller physical size for a
given heat rejection capacity than an air cooled con-
denser.

Water from
:?4 sump

| Condenser Spray |
. - eliminators\xx
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airflow 7 N\
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i —] Fan

Water to

Sump '
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Figure 7.7 Evaporative condenser

The water circulating over the condenser istreated to
prevent bacterial growth. In addition spray elimina-
tors must be used to avoid water droplets, which may
be contaminated, leaving the unit. Evaporative con-
densers can be used up to 500kW cooling capacity.

Water cooled condenser s. Variationsinambient air tem-
perature cause changesin the efficiency of air cooled
condensers (seelP20). A more temperature stable heat
sink is water. Water cooled condensers make use of
this by jacketing the condenser in a shell which is
filled with water (figure7.8).

The condenser passes its waste heat to the water
increasing its temperature by about 5°C. The water is
then pumped to awater to water plate heat exchanger.
Water from a large nearby source, such as a cand,
river, lake or sea is aso circulated through this heat
exchanger having first been strained and filtered. In
this way the condenser cooling water only makes
thermal contact with the heat sink water. The heat sink
water having picked up heat from the condenser circuit
isreturned to the main body of water where the heat it
carries is dispersed. The condenser cooling water
leaves the plate heat exchanger and returns once more
to the condenser to pick up more waste heat. The use
of bodies of water such as rivers and canals as a heat
sink is subject to water authority approval.
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The psychrometric chart shown in information panel
23 (page 108) looks daunting because of its complexity.
However it is a very useful tool for studying the
relationships between the temperature and moisture
content of air. This information panel explains the
structure of the psychrometric chart by breaking it
down into simple components.

STRUCTURE

The psychrometric chart islike asheet of graph paper.
Instead of the normal x and y axese creating a square
gridit hasanumber of axese and some of thegrid lines
are curves rather than straight lines.

Axislisdry bulbtemperature (DBT). Thisislikethex
axison astandard x-y graph. Any points drawn on the
vertical lineson thegraph will al have the same DBT.
Dry bulb temperature is the temperature taken by a
normal mercury in glassthermometer - units°C.

Lines of constant

drybulb temp. \

Axis 1 -D.B.T

Axis2ismoisture content. Thisislikethey axisof an
x-y graph but is on the right hand side of the x axis.
Any pointsdrawn on the horizontal lineshavethe same

Any points on these lines
have the same moisture
content

Axis 2 - Moisture content
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moi sture content - unitskg/kg i.etheweight of moisture
(kg) in1 kg of dry air.

Axis 3 iswet bulb temperature (whbt). Asyou can see
this axis is curved and the lines of equal wbt are
diagonal, sloping down from the axis. Wet bulb
temperature is the temperature taken using a mercury
in glassthermometer but with the bulb covered in damp
cloth - units °C. Evaporation of water from this cloth
coolsit down so thewbt isusually lower than dbt. The
amount of evaporation and hence temperature
depression depends on the moisture content of the air.
The dryer the air the greater the evaporation and the
greater the depresion of whbt below dbt.

Axis4isrelative humidity (RH). Thisisashort y type
axis on the left hand side of the dbt axis. As you can
seethelinesof equal RH curve upwardsfrom thisaxis.
One point to note isthat the 100% RH curve formsthe
whbt axis. This curve is also known as the saturation
curve.

100% RH Curve

also known as the
saturation or dew
point curve

Axis 4 - RH

By overlaying each of the axese and related constant
linesthe psychrometric chart isformed. (see page 102
for its use and page 108 for the chart)
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Figure 7.8 Water cooled condenser

Cooling Towers. Inlocationswheretherearenolarge
bodies of water that can be used as a heat sink, the
water cooled condenser is used in conjunction with a
cooling tower. A cooling tower isadevice which cools
the condenser cooling water by evaporation before
returning it to the condenser to collect more hest. Figure
7.9 shows a forced draught cooling tower. It can be
seen that the condenser cooling water is alowed to
tumble down through the device whilst air is forced
upwards through the cascading water by afan.
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Figure 7.9 Forced draught cooling tower

The purpose of the tower is to enhance evaporative
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cooling of the condenser water. It doesthisby increas-
ing the surface areaof thewater exposed to air. Evapo-
ration isasurface effect so increasing the surface area
of water in contact with the air increases evaporation.
Water surface areaincreases are achieved in anumber
of ways such as by allowing the water to tumble down
splash bars, by spraying or by running it over aPVC
matrix. When the condenser water evaporates it ab-
sorbs latent heat from the water which is left behind.
The effect of thisisto cool thewater which collectsin
the sump at the base of the tower. Thisis pumped back
to the water cooled condenser to remove more waste
heat.

Coolingtower hygieneisanimportant areaof concern
since the water temperatures in the tower are condu-
civeto bacterial and algal growth. In particular legion-
nairesdisease, which isaform of pneumonia, hasbeen
associated with wet heat rejection equipment. The
legionellabacteriagrow in thewarm water of the cool-
ing tower. They escape from the tower as part of the
mist created by the flow of air and water through the
tower. If ambient conditions are suitable and the bacte-
ria carrying droplets are breathed in by a susceptible
passer by a potentially fatal infection can occur. The
problem is avoided by using air cooled condensers.
However, dry heat rejection uses approximately 30%
more energy for the same capacity as a wet method.
Cooling towers can be used safely with the following
precautions;

i Useof spray eliminatorsto prevent therelease
of infected droplets

. Thetower should be built of easily cleanable
materials such as plastics or epoxy coatings with
smooth surfaces. Access doors should be incorpo-
rated into the tower to facilitate cleaning.

i The tower should be positioned away from
air intakeswhich could draw infected dropletsinto the
building through the air conditioning system.

. A programme of maintenance and cleaning
should be carried out throughout the life of the tower.
Thisshould include dosing the cooling water with bac-
tericides. Chemicals to prevent algal growth should
also be used since algae tend to coat surfaces and give
thelegionellaamedium on which to grow.
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7.4 Humidifiers

The amount of moisture in a given volume of air is
most often stated interms of itsrelative humidity (RH).
Thisisameasureof how much water vapour thereisin
the air sample compared to its saturated state. Com-
pletely dry air would have arelative humidity of 0% .
Air whichis saturated would have arelative humidity
of 100%. For human comfort the relative humidity of
theair inaroom should be between 40 and 70% RH. If
theair isbelow 40% RH theair will feel dry and lead to
discomfort through dry eyes and throats. It is also
known that therisk of static shocksand problemswith
VDU screens increases in dry atmospheres. Relative
humiditiesabove 70% result in discomfort dueto clam-
miness and overheating. This is because the body's
normal mechanism for cooling itself down, sweating,
cannot operate effectively in a humid environment.
Prolonged relative humidities above 80% can lead to
mould growth in buildings.

In addition to human comfort, someindustriesrequire
stable relative humidities for the production and stor-
age of materialswithout degradation. Examplesarethe
high relative humiditiesrequired inthe textileindustry,
typically 65% in wool processing and 75% RH in
cottons, to avoid problems such as electrostatic build
up and yarns breaking. 50-55%RH is required in the
print industry to prevent sheet papers curling and
breaks in newspaper webs. At the other end of the
scale, low relative humidities are required by some
industries such as in car panel manufacture to avoid
corrosion.

Low relative humidities occur when cold outside air is
brought into the building and is heated. For example
therelative humidity of outside air at 0°C and 90%RH
dropsto 23%RH when heated to 20°C. The problems
associated with this can be overcome by adding mois-
ture to the airstream (humidifying it). High relative
humidities occur when warm summertimeair iscooled
or in spaces with open bodies of water such as swim-
ming pools. Problems associated with high relative
humidities can be avoided by removing moisturefrom
the airstream (dehumidifying it). Dehumidification is
discussed in the next section.

This section will discuss methods for humidifying a
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space. Humidification systems are categorised by the
way they deliver water vapour totheairinaroom. The
two categoriesare direct and indirect humidification.

Direct humidification is used in industrial situations
and involves adding moisture directly into the air of
theroom inwhich humidificationisrequired.

Indirect humidificationisused in buildings with cen-
tral air conditioning systems. Theair ishumidified within
theair handling unit and is then delivered to the room
using ducting.

Therearetwo general methods of humidification. These
are; wet humidification and steam humidification.

WETHUMIDIFIERS

Wet humidifiers work by encouraging liquid water to
evaporate. Thiscreateswater vapour which mixeswith
theairstream to humidify it. For thewater to evaporate
it must absorb heat from its surroundings. As aresult
wet humidifiers causethe airstream temperature to fall
during the humidification process. To overcome this
problem, inair handling units, apreheater initialy warms
the incoming airstream. The warmed air then passes
through the humidifier but becomes cooled in the hu-
midification process. Theair must then passthrough a
reheat coil to bring the airstream up to the required
temperature.

Wet humidifiers can take anumber of different forms.
The common feature of each is that they all aim to
increase the surface area of water over which evapora
tion can take place.

Air washersare used mostly inindustrial humidifica-
tion. Asthe name impliesthey provide the dua func-
tion of humidifying the airstream and at the sametime
washing out some dust and odours. The airstream is
madeto flow smoothly by passing between baffle plates
(figure7.10), it then passesthrough afine mist of water
droplets created by a spray head. This provides the
contact between the liquid water and the air necessary
for evaporation to take place. Spray eliminators are
placed downstream from the humidifier to prevent the
carriage of liquid water further down the ducting.

Evaporation of the water coolsthe airstream, if thisis
desirable, further cooling can be obtained by using a
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chilled water spray. During periods of warm weather
thewater inthe sump may remain till for along period.
It isimportant that thiswater istreated to avoid bacte-
riological growth which could lead to infection of the
building occupants. For example, Humidifier fever, an
industrial diseasewith fluelike symptoms, iscommonly
associated with humidifierswith reservoirs. However,
care should be taken in the choice of biocide and that
it is not carried by the airstream into the working
environment.
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Fine water spray
% / S 2\
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= % eliminatmx
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— > >
= Dry _é Humidified //:
g air air ./\‘
—— ~>
= -< ~
= N
= 4 ~
— VAN
‘ﬁ Water supply

Pump -~ controlled by

float valve
Figure 7.10 Air washer

Capillary washer s are humidifiers with a better hu-
midification effectiveness than the basic spray air
washer. The greater effectiveness is obtained by di-
recting the spray onto amatrix of metal, glassor plastic
fibre cells (figure 7.11). The spray coats these cells
resulting in further spreading out of the water due to
capillary action. Theairstream passes between the gaps
in the cellsand hence over the wetted surfaces. In this
way close contact is obtained between the airstream
and extended water surface. The airstream can be in
the same direction as the spray or in the opposite di-
rection to the spray, termed parallel and contra flow
respectively.

Ultrasonic humidifier screate an extremely finemist of
water droplets by passing liquid water over a ceramic
platewhichismadeto vibrate at ultrasonic frequencies
using the piezoelectric effect (figure 7.12). The small
droplet sizeresultsin quick and effective evaporation
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Figure 7.11 Capillary washer

of thewater. The consequenceisarapid adjustment in
relative humidity in responseto acall for humidifica
tion from the controls. The excellent evaporation
characteristics of the device make it very efficient in
energy terms and ultrasonic humidifiers have an ex-
tremely low energy consumption for agiven humidifi-
cation load.

However, ultrasonic humidifiersmust be supplied with
demineralised water. This is to avoid scale build up
which would otherwise lead to clogging.

Humidiﬁed

Dry air air

»
'

Mist outlet -
cowl

Fan causes
mist to leave
the unit

Figure 7.12 Ultrasonic humidifier
Atomising nozzle humidifier sproduce afine spray of

coldwater directly intheair or withinair handling units.
Droplet size is small so evaporation and hence
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In information panel 21 the structure of the
psychrometric chart was explained. The psychrometric
chartisused toillustrate the rel ationshi ps between the
temperature and mosture content of air. The first of
these is to show, graphically, the condition of airin a
room. Thisis achieved by placing apoint on the chart
representing the state of the air. This point appears
where the variables intersect. It can also be used to
visualise the changes which take place following
heating, cooling or humidification.This information
panel givesan example of each of these uses. Firstly to
determineafull set of variables describing the current
condition of the air in a room and secondly to track
changes in moisture content,temperature and relative
humidity.

DETERMINING AIRCONDITIONS

The current condition of the air in a room can be
illustrated on the chart if two of the four variables wet
bulb temperature, dry bulb temperature, relative
humidity or moisture content (wbt, dbt, RH or mc) are
known. For exampleassumethe whbt and dbt of outside
air are 4°C and 5°C respectively. These values can be
used as two coordinates to create a point (A) on the
chart (see | P23). Having got this point the chart allows
us to determine the other two variablesi.e. RH and
moisture content. They arefound by tracking the point
back to the relevant axis along the lines of constant
value. In this case they are 85%RH and 0.0046kg/kg

(4.69/kg) respectively.
FOLLOWING CHANGESTO CONDITIONS

For illustration we can assume that the air described
by point A on the psychrometric chart isoutside air in
winter.

Ato B - Heating

If thisair isused to ventilate abuilding either through
infiltration or mechanical meansit will comeinto contact
with a heating appliance such as a radiator. This will
raiseitstemperature to 21°C. Asaresult the condition
of the air changes. Thisisillustrated by a move from
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point A to B onthe chart. The most striking changeis
thefall in relative humidity from 85 to 29% RH. Note
the relative humidity has changed but the moisture
content is has not. It remains at 4.6 g/kg.

B to C - Addition of moisture

If the heated room air described by point B comesinto
contact with a source of water vapour such as human
breath, a kettle boiling or a humidifier it will absorb
moisture. If we assume 5.4 grammes of water vapour
per kilogram of dry air are added, then the condition of
the air changes from point B to C on the chart. Three
variables have changed these are;wbt to 16.8°C, mcto
10.0g/kg and RH to 64%, the dbt staysthe sameat 21°C
as no heat has been added or removed from the air.

C to D cooling

Now imaginethat theair iscooled in someway. It may
for exampl e be cooled by an air conditioning unit or it
may simply come into contact with a cold window. If
the air is cooled by 7°C to 14°C then the condition of
the air moves from point C to D. The most noticable
changeisthat the RH hasincreased to 100%. Theair is
said to be saturated. The values of dbt and whbt are the
same. The temperature at which this occurs is known
asthe dew point temperature asit isthe temperature at
which condensation is just starting to occur.

D to E Further Cooling and Condensation

If the air is cooled by a further 4°C the air condition
cannot leave the boundaries of the chart and so runs
down the saturation curve to point E. In practice this
meansthat 2.5 grams of moisture per kilogram of dry air
will be condensing on the cold surface. This is how
condensation occurs on cold windows and isthe basis
of moisture removal from the air by heat pump
dehumidification.

The structure of the chart is shown on page 96, the
chart itself showing the above examples is on page
108.



humidificationisrapid. Water issupplied directly from
the mains, avoiding any contamination risk, and
compressed air is used to create the spray. The small
size of the atomising nozzle meansthat it can easily be
blocked by minera build up. To avoid this a needle
built within the nozzle head periodically cleans the
orifice automatically. When used in air handling units
all of the spray released from the nozzle evaporates
removing the need for water recircul ation and chemical
treatments. Atomising nozzle humidifiers provideclose
control of humidity at low running cost and with low
mai ntenance requirements.

STEAM HUMIDIFIERS

Unlikewet humidifiers, steam humidifiersdo not chill
the airstream during the humidification process. This
is because the moisture is delivered to the airstream
aready in the vapour state (as steam) having been
created by a heating element.

Electrode-boiler humidifiers(figure7.13) arethemost
widely used type of steam humidifier in direct and

indirect humidification due to their low cost and ease
of installation.

Electrodes

=
i
g b\* W

Drain/yr':l

Condensate drain

Filling cup

Overflow

Solenoid valve

/ | valve
y —f
Water supply — /
Drain cup

Figure 7.13 Electrode-boiler humidifier

The coreelement isasmall boiler comprised of anon-
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conductive polypropylenetank fitted with three or more
bare steel electrodes. When thetank isfilled with water
the el ectrodesbecomeimmersed. Electrical connections
are made to the electrodes and current flows directly
through the water causing it to heat up and boil. Output
of the unit is controlled by varying the depth of water
in the tank. Continual boiling of the water causes the
concentration of minerals in the tank to build up. To
avoid thisthereisan automatic cycle of emptying and
re-filling the tank with fresh water. When the boiler
eventually scales up it is simply replaced or opened
and de scaled. The primary disadvantage of thissystem
is high running costs and the need to regularly replace
boilers.

Resgivedement humidifiers(figure7.14) arelikesmall
kettles boiling the water within them using an electric
element. Regular drain and refill cycles prevent
excessive scale build up. Switching off individua
elements and modulating the power supply provides
very close control of steam output, making them the
preferred choice for close control applications.

Duct —,

Resistive
heating
elements

Steam distribution
head

Filling cup
A
Overflow A
Water
Solenoid valve
4
\

A
Water supply —

Drain cup

Figure 7.14 Resistive element humidifier

Gasfired steam humidifier s use agas heater to boil
water and create steam. Gasisapproximately four times
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cheaper per unit of energy than electricity. As a
consequence the running costs of gas fired steam
humidifiersarelow, making them increasingly popular
for humidification. Their structureissimilar tothe gas
boilersdescribed in section 1.2 except that thewater is
heated to boiling point by the burner.

7.5 Dehumidifiers

Thereative humidity of asampleof air can be reduced
using two principletechniques; cooling bel ow the dew
point temperature and chemical adsorption.

Dew point dehumidification. Humid air containsinvis-
ible water vapour. This only becomes visible when it
changes back to liquid water. This phase change is
achieved by cooling the humid air until condensation
starts to occur. This is what happens when air in a
room touches a cold window. It becomes chilled and
condensation forms on the cold glass surface. How-
ever, this only happens if the glass is cold enough.
Thethreshold temperature bel ow which condensation
occursis called the dew point temperature (see | P22).

Dehumidification of air occursinthe sameway. Theair
ismadeto passover acold coil intheair handling unit
which is below the dew point temperature of the air.
This causes some of the water vapour in the air to
condense out onto the coil whereitisdrained away. In
some dehumidification applicationsthe condensate can
be collected and re used. One exampleisin swimming
pool dehumidification where the condensate is used
to top up the pool to offset the use of some of the
mains water which must be purchased.

Dehumidification by chilling is an energy intensive
process since the air must be reheated to bring it back
up to comfort temperatures. Oneway of achievingthis
efficiently isto use heat pump dehumidification. Both
coils of the heat pump are placed in the ducting as
showninfigure 7.15. Thefirst coil theair meetsisthe
evaporator coil. Thisis cold and removes water from
the air by condensation. The air then passes over the
condenser coil of the heat pump which re heatsthe air
using energy which, inasimple cooling situation, would
gotowaste. Both sensibleand latent heat arerecovered
in this process. This is discussed more fully in P13
(page72). For manufacturer see page 104.
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Figure 7.15 Heat pump dehumidification

Desiccant dehumidification involves the removal of
water vapour fromtheair by chemical adsorption. The
humid airstream (figure 7.16) is passed over asurface
whichiscoated with adesi ccant chemical such assilica
gel. Thisremoveswater vapour from theairstream. The
gel would quickly become saturated and unableto re-
move further water from the airstream. It must, there-
fore, be reactivated by heating. The desiccant chemi-
cal coats the tubes of a desiccant wheel. The lower
part of thiswheel absorbs moisture out of theairstream.

Gas warm Desiccant material
air heater dried by warm air
Hot Hot
V air ¥ humid
TT air
Dry Humid
air N air
Desiccant material
removes moisture
from airstream
Motor

Figure 7.16 Desiccant dehumidifier
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This section then rotates into anew section of ducting
where warm air drives off the moisture and re gener-
ates the wheel. The now dry section of wheel rotates
back into the humid airstream to continue the drying
process.

7.6 Diffusers

One of the most important aspects of air conditioning
systems is the effective input of conditioned air into
theroominwhichitisrequired. Thefollowing criteria
must be satisfied;

The air should enter quietly so that it does
not create annoyance with respect to the ambient
sound environment present in the room.

The air should achieve effective distribution
to all partsof the room and achieve adequate mixing so
that no stagnant zones exist.

Theair should enter the room without directly
impinging on the room occupants. This would cause
uncomfortable physical and thermal sensations
(draughts)

These three criteria can be achieved by the correct
selection and positioning of room air diffusers. There
aremany formsof roomair diffuser. Some of which are
showninfigure7.17. Thedifferencesprovideachoice
of air distribution pattern and flexibility for accommo-
dating different applications. Thefollowing section de-
scribes some of the more common diffusersand usesa
square ceiling diffuser to explain basic airflow concepts.
Manufacturers (page 106) should be consulted for rec-
ommended arrangement and spacing of diffusers.

Squar eceiling diffuser sform part of asuspended ceil-
ing system. To evenly distributetheair acrosstheroom
they are positioned at the centres of a 3 to 4m square
grid covering the space. Figure 7.18 shows how air
enters the diffuser horizontally but is then deflected
through 90°, heading straight down towards the floor.
This situation would be unacceptable since the air-
stream would hit any occupants standing beneath the
diffuser. Draughts are avoided by using vanes within
the unit to guide the airstream horizontally along the
ceiling. This keeps the airstream out of the space in
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which the people work, known as the occupied zone.
The occupied zone is considered to be any space in
which occupantslinger for a"significant” time. Physi-
caly it is a volume within the room with a height of
1.8m (comparableto atypica occupant) and bounded
by aperimeter 0.15m fromthewalls.

I

A
Adjustable air grille

Swirl diffuser

A

Staircase
_diffuser

Square
ceiling
»diffuser

A

Figure 7.17 Four common types of diffuser

The airstream on leaving the diffuser moves aong the
underside of the suspended ceiling mixing with the
room air as it does so by a process known as entrain-
ment. The distance the airstream moves from the dif-
fuser whilst maintaining aspeed over 0.5m/sisknown
asitsthrow. Thethrow lengthisincreased becausethe
air leaving the diffuser experiences friction with the
suspended ceiling. The result of this, known as the
coanda effect, isto hold the airstream next to the ceil-
ing. The distance covered before the airstream drops
into the occupied zoneisthereforeincreased. Thetex-
ture of the underside of the ceiling and the presence of
any projections can disrupt the throw of the diffuser.



Reproduced by permission of the Chartered Institution
of Building Services Engineers. Pads of charts for
calculation and record purposes are available from
CIBSE, 222 Balham High Road, London, SW12 9BS,
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These linesrefer to specific volume. The units
are mf/kg i.e how many cubic metres of air
weigh 1kg. In psychrometric cal culations
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to mass, to correspond with the moi sture content
axison the chart (axis 2,see 1P21)
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For example surface mounted luminaires projecting
from the ceiling would cause the airstream to be
deflected downward into the room.

<« Conditioned

Suspended :
ceiling <+———air supply
panel I

Entrainment 1
airstrgam up
1

Occupied zone

Figure 7.18 Suspended ceiling diffuser

When the airstream drops into the occupied zone its
velocity should be no more than 0.25m/s in cooling/
summer modeor 0.15 m/sinwinter. Theformer higher
airspeed is considered acceptable in summer when its
cooling effect is advantageous. However in winter
thishigh airspeed would befelt asadraught so alower
speed is specified.

Theairflow pattern from square suspended ceiling dif-
fusersisinfour directions perpendicular to each other.
The airflow in any of the four output direction can be
modified using additional adjustable vanesand damp-
erswithin the diffuser.

Aswell asbeing ceiling mounted, diffuserscanaso be
mounted inwallsor floors. A simplewal | mounted dif-
fuser located just bel ow the ceiling would send astream
of air paralel to the ceiling into the room. The coanda
effect would once again assist throw, air entrainment
and avoidance of inappropriate air entering the occu-
pied zone.

The operation of floor mounted diffusersrequires care-
ful consideration since they are within the occupied

Fricti{‘)n holds
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zone. Theair velocity leaving the diffuser must be low,
itisalso beneficia if itismadeto swirl. Both of these
reduce the risk of discomfort as air enters the room.
Adequacy of mixing with the existing room air is as-
sisted by movement of the occupants and convection
currents set up by temperature differences between
the input supply air temperature and the temperature
of the occupants and office equipment. The ultimate
manifestation of thisisdisplacement ventilation which
is discussed in section 8.0.

It isnot always possibleto mount an array of diffusers
across a space which is tall and has no suspended
ceiling, although some installations do leave an array
of ducting and diffusers exposed as a feature. The a-
ternativeisto usejet diffusers (figure 7.19). These de-
vicesproduce ajet of air with avery long throw which
issuitable for supplying air to large atria, halls, facto-
ries and leisure complexes such as swimming pools.
They are constructed as a ball and socket and so are
highly adjustablein terms of direction of throw.

Duct
Air stream
with long

throw
&
TN
Jet /

diffuser

Figure 7.19 Jet diffuser
POSI TIONING OF SUPPLY DIFFUSERS

Manufacturers will supply information on the best
positioning of diffusers to obtain optimum perform-
ance. Thisinformation is available for individual dif-
fusers based on experience obtained from actua in-
stallations and also laboratory testing using test rigs
and room mock-ups. It has been found that the per-
formance of diffusers depends on;

dimensionsof theroom - any air stream enter-
ing aroom horizontally say fromwithin theceiling will
travel along it until it meets a projection or a vertical
wall. When it does so it will be deflected downwards.
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Hevacomp provides a comprehensive package of building
services design software for Mechanical and Electrical
services and CAD. With over 2300 sites using our design
software, Hevacomp is the industry standard package. With
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texture of surfaces- Thedistancean airstream
in contact with a surface travels depends on the fric-
tion experienced between it and the surface. Highly
textured surfaceswill increasefriction and reducethrow.

ambient temperatures - Strong sources of heat
in aroom such as office equipment will set up astrong
upward convection current. These could disrupt de-
sign diffuser/room airflow patterns and should be con-
sidered if possible during the design.

air velocities - the velocity of air entering a
room through a diffuser has a major influence on the
travel of the airstream. However the speed of air
movement also effects the amount of noise produced
at thediffuser. Asaresult in quiet office conditionsair
velocities must be limited to reduce noise levels. In
noisy locations such as leisure complexes or atria
velocities can be higher

whether the system will be predominantly
used for heating or cooling. - chilled air entered at high
level into aroom would descend downwards. Heated
air would tend to remain at high level due to its
buoyancy. The opposite effect would occur with low
level entry of chilled or heated air. The diffusersshould
be positioned to take advantage of these natura air
movements to assist room air diffusion.

Spacing of diffusers- diffusers should be suit-
ably spaced so that airstreams from adjacent diffusers
do not interact. For exampleif two airstreams running
along the underside of aceiling wereto hit head onthe
tendency would be to cause a downward current mid-
way between the two diffusers.

Following careful design, fine tuning of the system
can take place on site using the adjustment available
within the system provided by integral dampers and
guide vanes.

EXTRACT GRILLES

Systemsincorporating areturn air path require an ex-
traction grille. The locations of these are less critical
than supply diffuserssincetheair flowinginto themis
at room temperature and is at alower velocity than the
incoming air. It istherefore lesslikely to cause an un-
comfortable thermal or physical sensation if this air
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passes by an occupant. However the extract grilles do
work as part of the system and their positioning can be
used to improve the effectiveness of the ventilation
system. The following factors should be considered;

Incoming air will be filtered and cleaned to
avoid staining of surfaces near the supply diffuser.
However, extract air will becarrying dust fromtheroom
this, over time, will cause some staining of finishes
near theextract grille.

If thelocation of sources of pollution such as
photocopiers are known, then the exhaust grille should
be positioned near to them. Thiswill remove the pol-
[utants from the room as they are produced. Thisalso
applies to heat pollution. A number of manufacturers
produce extract luminaireswhich removethe heat given
out by the lighting at source along with room extract
air. Caremust betaken if the celling void isused asan
exhaust air plenum asthe temperature of the suspended
ceiling may increase. The effect of thisisto increase
thermal discomfort sincethe ceiling will act asawarm
radiator. Thisisaparticular problem in roomswith low
ceiling heights.

The exhaust terminal should not be closeto a
supply diffuser as this would short circuit the system
causing supply air to leave the room without having
had the opportunity to mix with the existing room air.

For the ventilation system to work effectively
itisimportant that al parts of the room benefit fromthe
conditioned air entering it. If any stagnant zones exist
such asin alcovestheextract grille could be positioned
there to encourage air movement through these still
areas.

7.7 Ducting

Ducting forms the distribution network for air based
air conditioning systems. Their function is analogous
to pipesin wet heating systems. However because of
ventilation requirements and thelow hesat/cooling car-
rying capacity of air, ducting tendsto have arelatively
large cross sectional area. Because of this careful con-
sideration must be made early in the building design
stage to accommodate and integrate ducting runs into
the structure and fabric of the building. Thisis espe-
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cialy so near the plant room where duct sizes are at
their greatest.

Careful design of ducting systemsisimportant as the
way the ducting delivers air to the diffusers strongly
influencesthe way air entersthe room. Theair should
flow in asmooth manner asturbulence can changethe
air distribution characteristics of the diffusers.

The layout of the ducting dictates how much fan en-
ergy is needed to overcome resistance to airflow.
Changesin the ducting such as 90 degree bends, size
reductions and other components increase airflow
resistance. Ducting runs should therefore be assimple
and linear as possible (layout can be designed using
software - see page 110). The fan must be sized to
overcome air resistance in the ductwork and so duct
design hasimportant implicationsfor fan sizeand energy
use. Ducts carry heated or cooled air. Loss of this
conditioned air from leaksin the distribution network
resultsin wasted energy and lack of control. Thisalso
results from heat transfers through the walls of the
ducts. To overcome this ducting joins should be well
sealed and ducts insulated where temperature differ-
entials between air in the ducting and ambient condi-
tions dictateiit.

Finally, ducting can be a source of noisein the rooms
being served. The sources are transfer of noise and
vibrationsfrom the plant room and noisedueto airflow
in the ducts. A range of anti vibration mountings and
acousticisolation jointsare availableto prevent vibra-
tion transfer. Sound attenuators can be positioned in
the ducting to absorb airborne noise. Air flowing
through ducting and dampers creates noise in itself.
To overcomethistherearerestrictionson maximum air
velocitiesin ducting and dampers should be positioned
asfar away from the room air outlet as possible.

7.8 Dampers

Dampers are analogous to valves in awater distribu-
tion system. They vary the volume of air flowing
through ducting by restricting or extending the open
cross sectional area of the duct. They are constructed
from an array of bladeswhich rotate about their central
axislikealouvred window system. Therotationisdriven
by motorised actuators (see section 1.6) in responseto

signalsfrom the building energy management system.
Accurate and reproducible positioning of the damper
blades by the actuator is essential for close control of
theair delivery system (page 112).

Dampers can be grouped under the following catego-
ries;

Butterfly dampers are the simplest form of damper,
they are composed of a single blade which can be po-
sitioned either parallel or perpendicular to the airflow
(figure 7.20). These two positions give maximum or
minimum airflowsrespectively. Their small sizemeans
they arewidely used in terminal units or small branch
ducts. A disadvantage of butterfly dampersisthat they
createavery turbulent airflow which can resultin noise
within the ducting system.

Butterfly damper

Circular
duct

Airflow

Motorised
actuator

Figure 7.20 Butterfly damper

Multi blade damper s comein two patterns; opposed
blade dampers(figure 7.21) and parallel blade dampers
(figure7.22).

Opposed
blade
damper

Figure 7.21 Opposed blade damper
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These dampers regulate the air flow rate through
themselves by rotating the blades. Ideally there will be
alinear relationship between blade angle and airflow
however, in practicelinearity isseldom achieved. Op-
eration of opposed blade dampersrestrictsthe airflow
but does not affect the airflow direction.

Parallel blade dampers do change the direction of the
airflow since the blades are all rotated in the same di-
rection. This effect is used to control the direction of
airstreamsleaving adiffuser. It can also be used to mix
fresh and recirculated air within the air handling unit
using two duct mounted dampers.

Parallel
blade
damper

Figure 7.22 Parallel blade damper
FIREDAMPERS

Fire and smoke can be spread through ducting from
the source of a fire to other rooms unless it is pre-
vented by the closure of fire dampers. Damperscan be
made to close automatically in the event of afire. The
signal for the closure arises from the fire detection
system. This may be linked into the building energy
management system which can also shut down
ventilation fans and/or operate smoke clearance fans.

Fire dampers can also be constructed from a single
blade which fallsinto position across the duct, it does
this when a fusible link burns out due to the high
temperaturesexperienced in afire. Finally, air transfer
grilles painted with intumescent paint can be positioned
across ducting. During a fire the intumescent paint
expandsto many timesitsnormal volumeand so closes
the free area of the grille through which fire or smoke
could spread.
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7.9 Déelivery Systems

Many modern office buildingswith large glazed areas
and heavy use of computers require year round cool-
ing. However, the cooling load is unlikely to be the
samein all parts of the building. Depending on equip-
ment densities and orientation the cooling requirement
will vary from areato area. Solar gainsinto south and
west facing zones are a particular problem since they
add considerably to the cooling loads caused by oc-
cupants, lighting and office equipment. There arethree
methods used by centralised air conditioning systems
to heat or cool a space. The particular method used
depends on the variation in heating/cooling load.

If alarge zone such as an open plan office
requires cooling throughout the space then a single
zone system can be used.

Where the demand for cooling differs be-
tween spaces, control of individual temperatures is
achieved by varying the amount of cooled air allowed
to enter theroom. Thisisachieved using avariableair
volume (VAV) system.

Wherethereisaneed to control temperatures
and at the same time maintain supply air volumesat a
constant level then adua duct system must be used.

Singlezonesystem. A singleair handling unit will, at a
given time, supply air a one temperature only. If the
building has an even demand for heating or cooling it
can be treated as a single zone. Because of this the
conditioned air will be delivered evenly throughout
the space. If the cooling load should change, for exam-
ple due to computer equipment being turned on, then
the need for additional cooling will be dealt with by
reducing the temperature of the air leaving theair han-
dling unit.

If other large zoneswithin the same building have dif-
ferent demandsfor heating and cooling then they must
betreated individually. Thisisachieved by using addi-
tional air handling units and ducting. Each one sup-
plying air at the temperature necessary to satisfy the
zoneit supplies.

Variationsin demand on asmaller scalerequiring room
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by room control must be dealt with by changing the
way the conditioned air entersthe space. The methods
are described bel ow.

Variableair volume. Thissystemisusedin buildings
which require cooling throughout but whereindividual
spaces need different amounts of cooling. The system,
showninfigure 7.24 and using symbolsshowninfigure
7.23, achieves room by room control of temperatures
by varying the amount of chilled air allowed to enter
theroom. If theroomistoowarmmorechilled air will be
allowed to enter, if the room becomes too cool the
amount of chilled air entering the roomwill bereduced.

W Sound g Air Filter
attenuator
Z
Thermostat ‘Z Louvre
=z
— > Supply air % Damper
Heating
coil

Cooling
coil

Figure 7.23 Symbols used in schematics

Ducting

The central air handling unit supplies air sufficiently
chilled to satisfy the maximum cooling load of the buil d-
ing. Thisisdelivered to theroomsthrough unitscalled
variable air volume (VAV) terminals. VAV terminals
(figure 7.25) control the amount of chilled air entering
the room using a motorised damper. The position of
thisdamper is determined in response to temperatures
measured by aroom thermostat. Depending ontheroom
temperature the VAV terminal can vary airflow rates
between zero and full flow.

An example of the control strategy beginswith chilled
air entering the room. Thiswill mix with the existing
room air and cause the room temperature to drop. The
fall in room temperature will be detected by the room
thermostat. Thisinformationisnoted by the BEMSor
a dedicated VAV controller which in turn will send a

signal to the actuators controlling the damper position
inthe VAV terminal. Thedamper will closereducing the
volume of chilled air being allowed into theroom.

Zone 1

VAV terminal

Zone 2

Pressure O+
sensor !

'
'
Y
'

@-@

Figure 7.24 VAV air conditioning system

Asthe VAV dampersclosetheairflow fromtheair han-
dling unit will be restricted and so the pressure in the
ducting will rise. This is sensed using a supply duct
pressure sensor which reduces the speed of the sup-
ply fan to maintain aconstant pressure. In thisway the
fan matches the supply of air to demand.

Motorised Damper
actuator
\ <«— Conditioned
____________ <4——air supply
: | & .
: Heater coil

<:7/////\\\&,_/1 —

/ Control signal

' to VAV terminal Suspended
: via BEMS ceiling
\ panel
Room
thermostat

Figure 7.25 Variable air volume (VAV) terminal
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If thereis aneed for some heating of rooms or spaces
alongside the cooling system then VAV units fitted
with electric heaters are used to heat up the chilled air
asit leaves the unit. One application of these devices
might be at the perimeter of large open plan offices
where heat |osses from perimeter glazing could create
alocal demand for heating.

Dual duct system. From the description of the VAV
system above it can be seen that the volume of air
entering the room varies with the demand for cooling.
In some cases it is necessary to maintain a constant
ventilation rate but retain close control of temperatures.
This can be achieved using a constant volume system
also known as adual duct system.

The dual duct system requires two air handling units
or asingle air handling unit which is able to produce
both chilled air and heated air at the sametime (figure
7.26). Two sets of ducting are required to deliver both
of these airstreamsto mixing unitsin therooms (figure
7.27).

S
N

R RS

Zone 1

=]
T

Constant Volume Mixing
Box

@--

[-]

Zone 2

©

[\

Figure 7.26 Dual duct air conditioning system

Room temperatures are controlled by varying thetem-
perature of air entering the space by mixing the hot and
cold airstreams. If cooling is required the motorised
damper will allow morechilled air into theroom. If heat-
ing isrequired the mixing box will respond to theroom
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temperature sensor and control signals by allowing
more heated air into the space. It can be seen that the
system ensures that a constant volume of air always
enters the space athough the proportions of hot and
cold air that make up this constant volume may vary.
Controlling temperatures by mixing hot and cold air-
streams is not a very energy efficient technique. The
system does however give good delivery of ventila-
tion and close control of temperatures.

Cooled air Heated air

Darlnper

>

E—

Motorised
actuator

Cooling Mode

—> <+—
—> <+—
i I A ('Heating Mode

— -«
—> e —
D l Intermediate
Mode

Figure 7.27 Dual duct mixing box

8.0 Partially Centralised
Air/Water Systems

One of the disadvantages of centralised air condition-
ing systemsisthat the ducts needed to deliver heating
or cooling to the spacesare much larger thanif ventila-
tion only were supplied to the space. This makesthem
difficult to accommodate within the structure especialy
if itisupgrading or retrofit work in an existing building.
Partially centralised systems (figure 8.1) use reduced
duct sizes because they only deliver enough filtered
and tempered air to the roomsto satisfy the ventilation
requirements. The heating or cooling demand is
satisfied using room based devices. There are two
types of room units, fan coil units and induction units
both of which are supplied with heated water and/or
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chilled water from boilers and chillers situated in the
plant room.

.- []
&m;

Zone 1

Terminal re-heater

WD

Zone 2

@-@

Figure 8.1 Partially centralised air/water system

Terminal units. Figure 8.2 shows aroom based four
pipeinduction unit. Tempered ventilation air entersthe
unit at arelatively high speed. Thisincoming air drags
or induces room air to also enter the unit. The mixed
supply and room air then passes over a hot coil or a
cold coil depending on whether there is a demand for
heating or cooling. The conditioned air enterstheroom
through an upper grille. Some units are two pipe units
having a single coil. Heated or chilled water is sent
through this coil as required.

Fan coil units are fitted with heating and cooling coils
like the induction units but the air movement through
them and mixing of supply and room air is generated
using afan and not the momentum of the air.

Displacement ventilation isapartially centralised air
conditioning system which isincreasingly being used
inthe UK (figure8.3). Inthissystem airisinput tothe
room at very low velocity using raised floor terminals
or low level wall terminals. Theincoming air isat 18°C
whichisarelatively high temperature when compared

toall air systems. Thelow airspeed and high tempera-
ture are necessary to avoid discomfort sincethe air is
input directly into the occupied zone.

Heated or
cooled air
Hot water ) ‘
flow and v g ||||||||”Eﬂﬂ% Heating coil
return <
ﬁhilled e Pt Cooling coil
ow and - Mﬂm/
return M= ””””'
Air supply J\E\Room
duct > | Ro
L

Figure 8.2 Four pipe terminal unit (induction)

Extract through
light fittings

Extract duct

Wa}rmair T T

rising > Low level
Window pool of
L cool air
Outlet
dlffuser

At

| Space below raised floor
used for air supply

Figure 8.3 Displacement ventilation and chilled ceil-
ing system
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The supply air being cooler than the existing room air,
poolsin alayer aong the floor. The presence of any
sources of heat such as occupants bodies, office elec-
tronic equipment or pools of sunlight on the office
floor will heat this pool of air causing an upward con-
vection current to develop at the site of the source of
heat. Asaresult fresh cool air isautomatically brought
to the heat source. Heat sources usually coincide with
asource of pollution also. Occupantsfor examplegive
out heat, metabolic CO, and odours. Therising warm,
stale air from these sourcesis extracted at high level.

Because of the relatively high input air temperature
displacement ventilation cannot satisfy very high cool-
ing loads and so it is often used in conjunction with a
chilled ceiling or chilled beam cooling system.

Chilled ceilings (figure 8.4) are composed of an array
of purpose built suspended ceiling panels. The panels
are of astandard size and made out of perforated alu-
minium sheet. A coil of copper pipeisfixed, in close
contact, to the back of this panel. When chilled water
is circulated through this pipe the ceiling panel be-
comes chilled. Asaresult any air in contact with the
ceiling will become cooled and descend into the room.
Theroom occupantswill also feel cooler becausetheir
bodies will radiate heat to the chilled ceiling making
them feel cool. This is the opposite effect to being
stood next to a hot radiator.

Flexible connection
to next panel

Chilled water
flow and return

7

Insulation

600 x 1200
ceiling panel

i

Warm objects below radiate heat to the panel

Figure 8.4 Chilled ceiling panel

Thereisarisk that condensation will form onthechilled
ceiling. To avoid thisthe chilled ceiling control system

must monitor humidity levels within the space. If the
humidity levelsindicate arisk of condensation occur-
ring then either theincoming air must be dehumidified
or the chilled ceiling surfacetemperature must be raised.

Chilled beams can also be used in conjunction with
displacement ventilation. A passive chilled beam is
shown in figure 8.5 and page 122. It can be seen that
the chilled surface is formed into alinear finned cail,
this cail is then surrounded by a pressed steel casing
andissuspended from theceiling. Warmroom air rises
to the ceiling and enters the top of the beam . It isthen
cooled by contact with the cold coil. The cool air de-
scends into the room through outlet slots on the un-
derside of the beam. It can be seen that chilled beams
cool aroom entirely by convection.

Chilled surface

Warm air in

Cool air out

Slots for air outlet
Figure 8.5 Passive chilled beam

Asthe cooling output of achilled beam increases, say
by reducing the water flow temperature through the
device, there is a possibility that the beam will create
uncomfortable cold down draughts. One way of
overcoming this problemisto use active chilled beams.
Active chilled beams are not used in conjunction with
displacement ventilation, instead the tempered
ventilation air is supplied through ducting within the
beamitsalf. Thisisillustrated infigure 8.6 which shows
asection through an active chilled beam. Tempered air
leavesthe supply ducting through dlotsor nozzleswith
sufficient velocity that it drags (induces) warm room
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air into the beam and through the cooling coil reducing
its temperature. The supply and chilled room air mix
and enter the room via outlet slots on the underside of
the beam. The velocity with which the air leaves the
inclined slots is sufficiently high to project it
horizontally into the room above the occupied space.
In this way cooler airstreams can be used without
creating a cold draught in the occupied zone.

Supply air duct
Casing

Tempered
supply air

Outlet

||||||||||||||||||||||||||i||||||||||||||||||!!!||||||||||||Ii|||||||||||||||||||||||||\

Cooling
coil

Warm room air

Cool air enters
room

Perforated room
air inlet panel

Figure 8.6 Active chilled beam

Chilled ceilings and beams are a low maintenance
method of cooling aroom. Thereareno internal fansor
filtersthat could break down or need cleaning. Thefin
spacing on chilled beams meansthat dust build up can
belargely ignored.

Energy issues. One of the benefits of systems
incorporating chilled ceilings or chilled beams with
displacement ventilation or active chilled beamsalone
isthat they are an energy efficient method of cooling.
This arises due to the operating parameters of the
system. The first is the low fan speed used to deliver
air to the outlet diffusers. Information panel P11
explainshow reducing thefan speed gives considerable
reductionsin fan motor energy consumption. Secondly,
the chilled ceiling and beams operate at a relatively
high chilled water flow temperature. This means that
the chiller has to do less work and therefore will
consumelesselectricity. The coefficient of performance
of the chiller is also improved by approximately 20%
due to the higher evaporator temperature(see
information panel 1P20, page 94).
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In addition, the high operating temperatures allow the
use of freeand natural cooling. Ontheair side, if the
outside air is sufficiently coal, it can be brought into
the building asthe supply. Sinceit does not haveto be
tempered by chillersitisknown asfreecooling. Onthe
water side, it is possible to achieve the flow
temperatures required using evaporative cooling. This
is when water is chilled by natural evaporation in a
cooling tower (page 97) andisused to supply thechilled
beam or ceiling.
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Which of thefollowingisnot afunction of pipe
insulation?

Preventing heat |oss from hot pipes

Protecting the pipe from impacts

Preventing heat gain by cold pipes

Preventing condensation on cold pipes

Which of thefollowingisnot related to indirect
heating

Singleflue

Heats one room only

Singlefuel supply

Centralised control

Which of thefollowingisnot related todirect
heating?

Stand alone heaters.
Complex control of many rooms.

Individua fuel supply to each heat emitter.
Heat distribution using water asamedium

Which of thefollowing categoriesof heating
system consider ationsinvolvesavoidingthe
release of asphyxiant gasses?

Economics

Comfort

Environment

Saf ety

What would betheboiler power needed for a
typical detached house?

5kW

10kw

15kw

20 kW

Which of thefollowing devicesprevents
unburnt gasbuildingup in aboiler?
Flamefailuredevice

PFilot light

Boiler thermostat

Heat exchanger
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Which of thefollowingisnot an effect of acid
rain?
Atmospheric warming
L eaf damage
Damage of freshwater life
Erosion of statues

Which of thefollowing preventsarever sal of
fluegassesthrough theboiler on windy days?
Fandilution

Flueterminal

Ventilation openings

Draught diverter

When theload on agasboiler decreasesthe
efficiency

Increases

Stays the same

Decreases

Becomes unstable

. Which of thefollowing doesnot help maximise

CHPrunninghours?

Sizing of heat output to match base loads
Export electricity meters

Installing the CHP as lead heat source
Routine maintenance

What istheefficiency of atypical 3kW pump
motor ?

61%

71%

81%

91%

. Which of thefollowing radiator swould givethe

highest heat ouput for agiven area?
Double panel

Double convector

Single panel

Single convector



. When apersonisnear, but not touching, acold

window they experience
Radiant heat losses
Convective heat gains
Conductive heat losses
Evaporative heat |0sses

. Which of thefollowingisusually only

encounter ed in commer cial buildings?
Combi boilers

Water to water plate heat exchangers
Indirect cylinders

Gasfired water heaters

. When asubstance absor bssensible heat it

Changesfrom asolid to aliquid
Increasesin temperature
Changesfrom aliquid to agas
Decreasesin temperature

. What per centageof total floor areaistaken up

by servicesin a speculativeair-conditioned
office?

4-5%

6-9%

10- 15%

15-30%

. Which of thefollowing givesroom by room

control of temperatures?
Boiler thermostat
Thermostatic radiator valves
Zone thermostat

dhw cylinder thermostat

. Decreasingboiler flow temperaturesas

outsideair temper aturesincreaseisknown as
Compensation

Boiler step control

Optimisation

Boiler cycling

. Which of thefollowing may not requireits

heating system to be zoned?

A large cellular office building with south facing
glazing

A small open plan office

A school holding night classes

An office building with acomputer suite
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Which of thefollowing devicesopensand closes
valves?

Outstations

Actuators

Sensors

Supervisor

Which of thefollowingisnot afunction of a
BEMS

Optimum start/stop timing

Adjustment of set points

Fault reporting

Making the tea

Which of thefollowing valvesisused toisolate
faulty components?

Globevalve

Three port valve

Two port valve

Butterfly valve

What isthetypical temperaturerange of
MTHW?

35-70°C

70-100°C

100- 120°C

120-150°C

. For thesameamount of heat transfer air ducts

are
Smaller than steam pipes

Smaller than hot water pipes

The same size as steam and hot water pipes
Bigger than steam and hot water pipes



DIRECT.HEATING VENTILATI ON
1. Which of thefollowing heat transfer methods 1. Which of thefollowingisnot afunction of
doesnot requireatransfer medium? ventilation?
[Od Conduction [Od Toraisetherelative humidity
[0 Masstransfer [0 To supply oxygen for breathing
O Convection [0 Todilute pollutants
[0 Radiation [0 Toremove unwanted heat
2. Howistheheat output of afan assisted electric 2. Thedilution of body odour sfrom sedentiary
storageheater regulated? occupantsrequiresaventilation rate of
[0 By switching the fan on and off as required [ 40l/s
[Od By having noinsulation in the casing O 321/s
O By turning the heating current on and off O 16l/s
[0 By closing the damper whilst the fan isrunning O 8 l/s
3. Commercial warm air cabinet heater sshould 3. Infiltrationis
not beused when O Ventilation using ducts
[0 The spaceto be heated is draughty [Od Uncontrolled natural ventilation
[0 The spaceto be heated is not draughty [Od Fandrivenventilation
O Peopleareworking in the space O Ventilationthrough avertical tube
[0 Destratification fansareinstalled
4. A humidistat turnsoff thebathroom extract fan
4. Which of thefollowing doesnot apply toar oof when
mounted heating and ventilation dir ect heater O Thelightisswitched off
O Canrecirculateair in the space [0 Theroom air moisture content is satisfactory
O Can providefreecoolinginsummer OO0 Theroom goes cold
[0 Canassistin destratification [0 Condensation forms on the windows
[ Cannot supply fresh air
5. Which of thefollowingisleast likely to need
5. Which of thefollowingwould bean mechanical ventilation?
inappropriateusefor ahigh temperature O A room wherethe volume per person is<3.5m?
radiant heater? [0 Deep plan roomsaway from outsidewalls
O Inroomswithlow ceilings(<3m) O Shallow roomswith outsidewall and windows
O Inroomswithhigh ceilings (>3.5m) O Shallow room with sealed winows
O Indraughty rooms
O Where spot heating is required 6. Which of thefollowinginvolvesthefanned
supply and extr act of air torooms?
6. Whatistheapproximateoper ating efficiency of [0 Balanced Ventilation
O 70% [0 Extract ventilation
O 80% [0 Passive stack ventilation
O 90%
O 100% 7. Which of thefollowing fan typeschangesthe
direction of airflow by 90°?
O Axid flowfan
[0 Propeller fan
O Centrifugal fan
[0 Extractfan
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Which of thefollowingair toair heat recovery
methodshasno moving parts?

Run around coils
Thermal wheel

Plate heat exchanger

Heat pump

>

IR-CONDITIONING
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Which of thefollowingroomsisleast likely to
need air conditioning?

Officewith large south facing windows
Computer suite

An operating theatre

Domestic living room

Which of thecomponentsof avapour
compression chiller isused toreject heat
extracted during cooling?

Evaporator coil

Compressor

Expansion valve

Condenser coil

Which of thefollowingrefrigerantsismost
destructivetotheozonelayer if it escapes?
R11-CFC

R22-HCFC

R134a- HFC

Ammonia

What isthe coefficient of performance (COP) of
atypical heat pump?

2.0

1.0

4.0

3.0

A split air conditioning unitissocalled
because
Therefrigerant is divided by the expansion valve
Chilled air output is bi-directional
It has a seperate indoor and an outdoor unit
It sitson the window sill, part inside and part
outside
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Theindoor and outdoor unitsinavariable
refriger ant flow system can be seperated by
100m including avertical rise of 50m

100m including avertical riseof 10m
50mincluding avertical riseof 10m
50mwith no vertical rise

At theheart of acentralised air-conditioning
systemisthe

Diffuser

Filter

Air handling unit

Damper

Which of thefollowingfilter shasthelargest
dust carrying capacity?

Panel filters

HEPA filters

Bagfilters

Biological filter

Theonly typeof filter which can removegasses
and odoursisa

Roll filter

Electrostaticfilter

Pre-filter

Activated carbon filter

. Anabsorption chiller

Has a COP higher than a vapour compression
chiller

Uses a gas burner or waste heat to drive it

UsesHCFC'sasarefrigerant

Use electricity to drive acompressor

Which of thefollowing doesnot apply toair
cooled condensers

Must have astream of air flowing acrossit
Requires a constant spray of water

Is less efficient than an evaporative condenser
Has the advantage of not requiring water

. Legionnairesdiseaseisassociated with poorly

maintained

Window sill air conditioners
Air cooled condensers

Split air conditioning units
Wet heat rejection equipment
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. For human comfort theredativehumidity ina
room should beintherange
10-20% RH
40-70%RH
20-40%RH
70-90% RH

Themost ener gy efficient wet humidification
systemisa

Capillary washer

Atomizing nozzle humidifier

Air washers

Ultrasonic humidifier

Steam humidifier soper ateadiabatically. This
means

The air temperature decreases

The air temperature stays the same

The air pressure increases

The air pressure decreases

Dehumidification by chillingisenergy
intensive. Thisisbecause

The air must be cooled to 0°C

Theair must be heated to 100°C

Theair must be heated to dry it then re-cooled
Theair is cooled below dew point then re-heated

. Which of thefollowing statementsregarding
theentry of conditioned air intoaroom using
diffusersisincorrect?

Theair should enter quietly

The air should mix outside of the occupied zone
Theair should enter the occupied zone
immediately

Theair should ventilate al parts of the room

. Themechanism which increasesthedistance
travelled by air leaving asuspended ceiling
diffuser iscalled?

The entrainment effect
Thethrow effect

The swirl effect

The coanda effect
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. Which of thefollowinglocationsisunsuitable

for aroomair extract grille

Within a stagnant air zone

Next to the supply diffuser

Near aknown source of pollution
Where light dust staining of surfacesis
acceptable

Which of thefollowing doesnot increaseduct
airflow resistance

Keeping ducting linear

Bends

Dampers

Reducing the cross sectional area

Which typeof damper isused to changethe
direction of airflow

Butterfly damper

Opposed blade damper

Firedamper

Parallel blade damper

Which centralised air conditioning delivery
system offer sroom by room contr ol of
temper atur eswhilst maintaining ventilation
Variableair volume (VAV) system

Dua duct system
Variableair volumeincorporating el ectric heating
Single zone system

. Inadisplacement ventilation system

Cool air isinput from ceiling diffusers
Cool airisinput at low level

Warm air isinput at low level

Warm air isinput from ceiling diffusers

. A chilled ceiling coolsby

Convection and thermal radiation
Convection only

Thermal radiation only
Conduction

. Activechilled beamsdiffer from passivechilled

beamsin that

They haveinbuilt fans

They supply ventilation alongside comfort
cooling

They cool by convection and thermal radiation
They have alower cooling capacity
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Thefollowing questionsrel ateto theinformation given
on the keeping tabs on energy efficiency advice pages

1. Which of thefollowingisnot arecommendation
for reducing lighting ener gy consumption?

[0 Lighting to appropriate levels but not more

[0 Useefficient electric lighting and provide good
controls

[0 Leavelightsonin classroomsat al times

O Makegood use of daylight

2. Which of the following is not a method for
reducing space heating ener gy consumption?

[OJ Usenight timeventilation

[0 Provide adequate building insulation

[0 Specify efficient space heating equipment

[0 Provide effective controls

3. Which of thefollowing formsof ener gy produces
themost carbon dioxideper kWh

O Solar energy

O Oil

[0 Gas

[O Electricity

4. Energy usein buildingsaccountsfor which of the
following percentages of UK carbon dioxide
output?

O 4%

O 40%

O 45%

O 54%

5. Which of the following building types is most
likely to benefit from a CHP system?

[0 Factories

[0 Leisurecentreswith pools

[0 Houses

O Cinemas

6. Which of thefollowingisnot aconsiderationin
holisticlow energy design?

[Od Low cost forms of energy

O Thebuilding form

O Thebuilding services

[0 Post occupancy monitoring and targetting
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The SAP rating of an energy efficient homeis
likelytobe?

Lessthan 10

40

Under 80

Over 80

When pressuretested for air leakagethetar get
rangefor leakagein homesis

lessthan 7.5 m¥h

7.5t015m%h

15t020.5m%h

20.5t025m%h

Which of thefallowingisnot a benefit of increased
airtightnessof buildings?

Less discomfort due to draughts

Reduced energy costs

Reduced pump size

Reduced heating plant size

. Usinglarger ductswith dower air speedsreduces

theener gy consumption of mechanical ventilation
systemshby?

70%

50%

30%

10%

. Which of thefollowingisnot an elementina

passive cooling strategy?

Reduce solar heat gains

Use avapour compression chiller

Reduce eguipment and lighting heat gains

L eave structural mass exposed to theroom air
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Absorption chilling.......77
Acidrain.......8

Activechilledbeam.......123
Actuators.......39

Air conditioning.......71
centralised.......87
comfort cooling.......81
mixed mode.......30

system components.......86
Air handling unit.......87
Ammonia......77

casinglosses.......15
combustion.......7
combustionair.......11
condensing.......13
control unit.......7

efficiency, partload.......15

modular systemof.......15
pilotlight.......7

step contral....... 15

C

Cabinet heaters.......51
Cdorifier (dhw)......27
Carbon monoxide.......60
Casud heatgains.......71

Chilled ceilings.......123
Chillers

vapour compression.......73
Chloramines.......72

efficiency.......17

load matching.......17

maintenance.......19
Comfort and health.......59
Comfort cooling.......81

chilled water fan coils.......85

Compensator.......9, 35
Compressors....... 75

energy consumption.......94
Condenser

air cooled.......95

evapordtive.......95

water cooled.......95
Conduction.......48
Control strategy.......39
Contrals.......33

Codlingcail.......93
Coolingtower.......97
Coolth.......94

D
Dampers

paralel blade.......113



De-humidification
dessicant.......105

dew paint.......105
De-dratificationfans.......51
Diffuser

j€t.......109

positioning.......109
squareceiling.......107

Domestic hot water (dhw).......27
distribution.......31
Dual duct system.......119

Electricmotors.......20
Electric storage heaters.......49
Electricity tariffs.......49
Energy

efficiency advice.......2,8,16,18,24,62,64,70
Entrainment.......107
Environmental protection act.......74
Evaporation.......26
Extract grilles.......111

F

Fancoil units.......121
Fans

axid flow.......65

centrifugdl.......65
characteridtic.......66

motor.......20
Feed and expansion tank.......43
Filter
activated carbon.......91
anti-microbid.......89

efficiency.......92
electrodtetic.......91
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Fusion
latent heat of ....... 28, 30

G
Global warming potentid.......78

Heat exchangers
heat pumps.......69
plate.......65
runaround coils.......67
thermal whedls.......67
Heat lossrate.......22

Heat recovery
€conomics.......68
Heat transfer mechanisms.......48

Heater
cail.......93
Heaters
andventilation.......53
plague......55
radiant.......55

radiant tube.......55

roof mounted.......53
Heating circuit

constant temperature (CT).......

37
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Hydrochlorofluorocarbon.......78
Hydrofluorocarbon.......78

Icestorage.......94
Immersion heate.......57
Indoor air pollution.......60
Indoor air quality.......60
Inductionunit.......121
Integrated BEMS.......41

L

Latent hedt.......26, 28, 30
recovery.......72
Legionnairesdisease.......97
bacteria.......60

M

Maintenance

condition based....... 92
routine.......92

Masstransfer.......438
Metabolism.......26
Montreal protocal.......78
Motors
high efficiency.......20
variablespeed drive.......20

O

Occupied zone.......107
Optimisar.......51
Optimum start contraller.......35

Ozonedepletion potentidl........78
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Ozonelayer......4

P

Payback period.......68
Pipework
condensation on.......4
insulation.......4
Plantroom.......5, 30
packaged.......5
Power.......10

Pressuretransducers.......92
Pressurisation unit.......45
Programmer.......33
Psychrometric chart
exampleusss.......102
sructure.......100

Refrigerants.......73, 78
management of .......74

Scalebuild up.......103
Sensiblehedt.......28, 30

air quality.......53
Servicedistribution.......5, 30
Singlezonesystem........ 115
Solar cooling.......79
Space heating
indirectwarmair.......45



Standing heat loss.......31
Stratification.......51
Supervisor.......41
Suspended ceiling.......32

T

Temperature

Thermal capacity.......28, 30
Therma comfort.......3, 27

U
Unit heaters.......53
V

Valves......35

lock shield.......21

thermostatic radiator (TRV).......43
Vaporisation

latent heat of .......28, 30
Variableair volume.......117

VAV terminds.......117
Ventilation.......59

air changerate.......59

trickle.......59
W

Water conservation....... 72
Water heating
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BdimoAutomation (UK) Ltd.
TheLion Centre

Hampton Road West
Feltham

Middlesex

TW136DS

Tel. 01817554411

Fax. 01817554042
www.belimo.org

email: beimo@belimo.co.uk

Building ControlsGroup
PO.Box 1397

Highworth

Swindon

SN67UD

Tel. 01793 763556
Fax. 01793 763556
www.esta.org.uk/beg
email: bcg@esta

BRECSU
BRE
Garston
Watford
WD27JR

Tel. 0800585794

Fax. 01923664787
www.energy-efficiency.gov.uk
email: brecsueng@bre.co.uk

Calorex Heat PumpsLtd.
The Causeway

Maldon

Essex

CM95PU

Td. 01621 856611
Fax. 01621 850871
www.calorex.com
email: sdles@calorex.com

page42,112

page40
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Gascool Customer Support Centre Page 76
GasForce Technical ServicesLtd.

GasForce House

3 Mountleigh Close

Euroway Trading Estate

Bradford

BD46SP

Tel. 01274685885
Fax. 01274652266
www.gasforce.com

Gilberts(Blackpool) Ltd Page 106
Head Office and Works

Clifton Road

Blackpool

Lancashire

Fy44QT

Tel. 01253 766911

Fax. 01253767941
www.gilbertsblackpool .com

email: sales@gilbertshlackpool.com

Halton ProductsLtd. page 122
5 Waterside Business Park

Witham

Essex

CM83YQ

Tel. 01376 507000

Fax. 01376 503060
www.haltongroup.com
email: sales@halton.co.uk

Hamworthy Heating L td. Page 14
Fleets Corner

Poole

Dorset

BH170HH

Tel. 01202 662500

Fax. 01202665111

email. company.info@hamworthy-heating.com
www.hamworthy-heating.com

HevacompLtd. page 124
Smitheywood House

Smitheywood Crescent

Sheffield

SBONU

Tel. 01142556680

Fax. 01142 556638
www.hevacomp.com

email: sales@hevacomp.com

JSHumidifiersplc. page 98
Rustington Trading Estate

Artex Avenue

Rustington

Littlehampton

West Sussex

BN163LN

Tel. 01903850200
Fax.01903850345
www.jshumidifiers.com
email: js@humidifiers.co.uk

Johnson Control SystemsL td. page 36
Johnson controls House

Randalls Research Park

Randalls Way

L eatherhead

Surrey

KT227TS

Tel. 01372376111

Fax. 01372376823
www.johnsoncontrols.com
email: david.shoesmith@jci.com

Johnson and Starley Ltd. page 50
Rhosili Road

Brackmills

Northampton

NN47LZ

Tel. 01604 762881
Fax.01604 767408
www.johnsonandstarleyltd.co.uk



RIBA page 114
66 Portland Place

London

WIN 4AD

Tel. 0207307 3660
www.riba;join.com
email: marketing@inst.riba.org

SiemensBuilding Technology Ltd. page 34
Landisand StaefaDivision

Hawthorne Road

Staines

Middlesex

TW183AY

Tel. 01784461616
Fax.01784 464646
www.landisstaefa.co.uk

Spirax-SarcolL td.
Charlton House
Chetenham
Gloucestershire
GL538ER

page 100

Td. 01242521361

Fax. 01242573342

WWW.Spi rax-sarco.co.uk

email: Enquiries@SpiraxSarco.com

Trend ControlsLtd.
POBox 34

Horsham

West Sussex
RH122YF

page 38

Tel. 01403211888

Fax. 01403241608
www.trend-controls.com

email: trend.info@caradon.com
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University of Hudder sfield
Department of Architecture
Queensgate

Huddersfield

HD13DH

pagel20

Tel. 01484 472289
Fax. 01484 472440
email: sustainable.architecture@hud.ac.uk

Univer sty of Northumbria
Engineering, Scienceand
Technology Faculty Office
Ellison Building

Ellison Place

Newcastle upon Tyne
NE18ST

page 118

Tel. 0191227 4453

Fax. 0191227 4561
http://online.northumbria.ac.uk/faculties/est/
built_environment
email:admissions@northumbria.ac.uk

University of Strathclyde page 116
ESRU

Department of Mechanical Engineering
Glasgow

G11XJ

Td. +44 141 548 3986
Fax. +44 1415525105
www.esru.strath.ac.uk
email: esru@strath.ac.uk



