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Copper Development Association

Copper Developmeni Association is a non-trading
orgarnisation sponsored by the copper producers and
fabricators io encourage the use of copper and copper
alloys and io promaole their correct and efficient
application. Its services, which include the provision of
technical advice and information, are available lo those
interested in dll aspects of existing and potential uses of
copper. The Associabon also provides a link between
research and the user industries and maintains close
corttact with other copper development organisations
throughout the world.
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Prefoce

The use of copper in heating and hot waler systems is
well established. This technical note has been produced
to identify the main copper containing heating and hot
water componsnis and describe their correct and
efficient use in a range of domestic installations in the
public and private housing and commercial sectors.

The installation of heating and hot water systems should
meel the requirements of the Building Regulations and
relevanl British Standard Specifications and comply
with the Model Water Byelaws.

The Building Regulations 1985

Materials and Workmanship

Any work to which a requirement of the Building
Regulations applies must be carried out with proper
materials and in a workmanlike manner in accordance
with Regulation 7.

Compliance may be shown in ¢ number of ways, lor
example, by following an appropriate British Stondard
Specification or British Board of Agrément Certificale.

Further guidance is given in the Approved Document on
Materials and Workmanship.

Seclions of the Building Regulations referred to in this
publication are G3 and L2/3, 4 and 5.

Specifications and Codes of Practice

Particular aitenticn has been drawn to British Standard
Specification BS 8700 'Design, installation, lesting and
maintenance of services supplying water for domestic
use within buildings and their curtilages’ and BS 5449
‘Code of practice or central heating for domsstic
premises’, Part 1 Forced circulation hot water systems’,
raferred to throughoul this publication as BS 6700 and
BS 5449: Part 1.

Model Water Byelaws 1986

The new Model Water Byelaws published in June 1986
and amended in July 1987 form the basis of byelaws
made by individual waler undertakers for the purpose
of water regulation.

Relerence should be made 1o the relevant section of the
Model Water Byelaws and he statutory documents of
ihe individual waier authority before any water supply
instaliations or modifications are carried cut. The
byelaws are particularly concerned to prevent waste,
misuse, undue consumplion or contamination of the
water supply.

Heferences

The text contains only British Standard Specification
numbers. The full tiille of each British Standard
Specification is given in the list of relerences at the end
of the publication.

Abbreviaiions throughout the text are used as follows:
MWB — Model Water Byelaw

BR - Building Regulation

This publication aims to create an awareness amongst
architects, designers, specifiers as well as crafismen,
teachers and students of the uses of copper and copper
alloys in domestic heating and hot water systems, and
alse 1o give quidance on correct design and installation
procedures.

There are a range of heating system options available,
from ducted warm air and wet central heating systems
to individual room hedaters, using gas, electricity, solid
fuel, oil or LPG. The choice of system is influenced by a
number of foctors, namely:

a) The availability of tuels.

b) The equipment size and fuel storage requirements.
c) The controllability of fuel combustion.

d) The running costs.

&) The capiial cost of the equipment.

The most common form of domestic heating installation
is the wel ceniral heating system using copper pipework
{o circulate heated waler between the heat generator
and heat emitters. It is to the copper based components
used in this form of heating system that the information
in this Technical Note mainly refers. Important design
criferia including maximum recommended water
velorities and pump and tube sizing are alse covered
with specilic detail given to safe and efficient system
operatiorn.

Introduction

Irrespective of the heating system type, the supply und
storage ol domestic hot water is best achieved using a
copper cylinder and copper tubing. This can be an
integral part of the total heating system or a separate
package where individual room heaters are used. Solar
heating and heat pumps are aliernative methods of
providing cheap domsstic hot waler, delails of which
are included under, their respective sub-headings within
the publication.

Good corrosion resistance and compatibility with a
range of working fluids make copper and copper alioys
suitable materials lor all domestic hot water and
heating system applications.

Copper's high thermal conductivity makes it ideal for
use in heat exchangers. The ease of labrication of
copper tube and sheet and the range of jointing
methods available simplifies the manulacture and
installation of heating systems.

The good machinability of copper alloys and the range
of forming processes resulis in the production of close
tolerance, high strength, wear resisiant and corrosion
resistant valve bedies and fittings.




Choice of Hecating oystem

The first stage of the heating system design procedure is
to determine the space heating requirement. This
heating requirement will be equal to a summation of the
heat loss through the building fabric and the heat loss
via ventilation and can be calculated by following the
design procedure set cut in the CIBSE Guide or aother
recognised design guides. In all cases the U values of
building fabric used in new buildings should meet the
requirements set out in the latest edition of the Building
Regulations (BR L2/3) and ventilation rales should ke to
the recommendations in BS 5449: Part 1.

For wel ceniral heating systems, the heat generator
output rating should be at least equal io the lotal
calculated heat loss, including non-useful emission from
the system pipework.

Modern gas-fired low waler content boilers fitted with
high resistance copper tube heat exchangers are for use
with fully pumped systemns. The low waler content
allows rapid heat up at the beginning of the heating
period and rapid cooling at the end of the period
thereby reducing flue losses and increasing overall
efficiency. Because these boilers are for use with fully
pumped systems only, gravity fed demestic hot water
heating is aveided reducing the size of the boiler
required and the bore size of the pipework between the
boiler and the cylinder.

When a boiler of the condensing type is used, the
output, when operating in the non-condensing mode,
should be considered as meeting the total calculated
heat loss. N.B. The operating efficiency of condensing
boilers increases wilh lower return temperatures, A
greater design temperature drop will necessitale the use
of larger heat emitiers. High efficiency, low water
content radiators with copper coil waterways can give
double the heal output of a steel panel radiator of
equivalent flat surface area.

For off-peak electric heating the output is usually
caleulaied in terms of energy stored and should be
adecguate lo meet the daily (24 hour) heat requirement.

Where a boiler supplies both heating and hot water
services without priority controls additional boeiler power
ol up to 2.0 kW may be required depending upon the
likely consumption of hot water, secondary circulation
heat losses and the storage capacity of the indirect
cylinder.

Harving calculated the size of the boiler required, the
methed of distributing the heat from the beiler to each
room must be decided upon.

Copper is the preferred maierial used in wet central
heating systems for the circulating and domeste water
distribution pipework. Usually space and domestic
water heating are provided by a single heat generaior,
although the loads for beth functions may be such that
separate heat generators are required for eflicient
systern operation. Systems combining two or more heat
generctors using different luels are less common but are
made possible by using copper pipework to connect
each heat source to a central copper thermal storage

Wet Central Heating Systems

cylinder as shown in Figure 1. Here, a solid luel back
boiler and gas boiler circulate primary heated water io
a central thermal sterage cylinder. The heating of mains
pressure domestic hot water is carried out within an
extended surfoce copper coil heat exchanger in the
ceniral store, Use of a water soitener is advised in hard
water areas to prevent the build up of scale inside the
secondary heat exchemger coils and subsequent
reduction in efficiency,
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Figure 1 Schematic dicgram of domestic hot water and heating system utilizing « central thermal storage cylinder.

As already discussed, wel central heating systems can
utilize a range of heai generators and fuels. Water
circulation is usually carried out in small-bore copper
tubing to BS 2871: Part 1, Tables X, Y and Z, althcugh
copper tube to BS 2871; Part 1, Table W is also used for
mini/micro-bore installations which can be significantly
more economical in both lcbour and maierials than
conventional small-bore systems. (Figures 2 and 3). The
range of meiric sizes lor copper wbe to BS 2871: Part 1
are given in Appendix A.

In general, the conventional arrangement of small-bore
pipework consists of a flow and return circuil extending
to the index (furthest) radiator, with flow and return

branches to intermediate radiators. In the mini/micro-
bore system, radiators are led by means of 6, 8 or 10mm
(OD pipe circuiis from flow and return manilolds. it is not
necessary io connect all the radiators to a single pair of
manifolds situated near the boiler, although this
arrangement is ofter: advantageous for a bungalow. For
buildings of more than one storey it may well be more
convenient and economical to install a pair of manifolds
for each floor, and by siting them in the most accessible
position, the length of the mini/micro-bore copper
circuits can be kept reasonably short, thereby saving
material and reducing frictional resistance in the circuits
lo a minimum.




et Central Heating Systems (cont.)
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Figure 2 Schematic diagram of a mini/micro-bore healing system.
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Figure 3 Schematic diagram of a small bore healing system.

Design Criteria

Significant factors in the design of forced-circulation low
pressure hot water heating systems are a) pump sizing
and positioning and b} expansion allowances for both
sealed and open venied systems.

Open Vented Systems

Pump Capacity

The pump must be capable of circulating the tolal mass
of water {or all circuits against a resistance equal to the
pressure drop in the index circuit {the circuit with the
greaiest [ricional resistance). The mass flow rate is
calculated using the formulae

Q =m.Cp. AT
orm = Q
Cp. AT
where,
m = mass low raie (kgs™!)

Q = Boiler outpul (kW)

Cp = Specific heat capacity of water (4.18 kkg™1K™1)

AT = Temperature difference between flow and return
(10K}

[t is usual to allow a small margin on the flow rate of the
pump to facilitate balancing the system and to permit
future exiensicns. The design fllow iemperature should
not exceed 82°C. The syslem design temperature drop
should be 10°C unless the hoiler is of the condensing or
electric siorage type.

The pipe diameiers and pressure drop in the pipe
circuils can be determined from the mass fow rate, low
temperature and the length of pipe runs, The pump
head must be sullicient to meet the total pressure drop
in the index circuil. This total pressure drop will be a
summaticn of the pressure drop in the index pipe circuit,
including all bends, elbows, tees, branches and valves,
plus the pressure drop in the index radictor and boiler.

In the mini/micro-bore system shown (Figure 2), the
mass flow rate from the boiler to the manilold will be
calculated as above, whilst on the index circuit using
the heat output of the index radiator. To ensure
quietness in operation, the pipe circuits should be sized
such thal the waler velocity does not exceed 1.5ms™L.
Using the tables and charts in Appendix B of this
publication tegether with the design parameters ie. the
caleulated mass flow rate and maximum water velocity,
the pipe diameater and pressure drop may be
determined. In order to determine the pump head
required the resistance of the fitlings, index radiator and
boiler must be added o the calculated pressure drop.
Tables of waler flow resistances in copper fittings are
given in Appendix B. When designing the mini/micro-
bore heating system it may not be immediately evident
which is the index circuit. Therefore it is important that
the pressure drop in each circuit should be caleulated
and tabulaied.

In the small bore heating system shown (Figure 3}, the
index circuit should be easier to determine although the
pipe sizing calculations will have to take into accounti
the change in mass flow rate afier each radiator on the
index circuil, The mass low rate through the boiler will

Vet Central Heating Systems (cont.)

be calculated as above, thereafter the mass flow rate
will be calculated using the heaf outputs of the radiators
in the index circuit. (Refer to Figure 3, small bore
heating installation)

eq. matA =Ql+Q2+ Q3+ Q4
Cp. AT
mAtB = Q2+ Q34+ 04
Cp. AT
mBtoeC = Q3+ Q4
Cp. AT
and, mCloD = Q4
Cp. AT
where,

Q1, Q2, Q3 and Q4 are the heat outpuis of radiciors 1, 2,
3 and 4 respectively.

For design purposes, the maximum water velocity in
small bore heating systems is set at 1.0ms ™. Using the
tables and charis in Appendix B the pipe diameters and
prassure drop may be determined. Again the resisiance
of all tittings, index radiator and boiler must be
included.

Consideration should now be given o the positioning of
the pump, cold leed and expansion (F&E} pipe and
open vent (OV) pipe. The OV pipe should run directly
from the boiler rising continuously to discharge at a
level over the feed and expansion cistern and through
the cover. The OV pipe should have a minimum OD of
22mm. A separate F&FE pipe with a minimum OD of
15mm should be fitted. No valve should be fitted in
either the F&E pipe or OV pipe. The pressure difference
between these two connectons must be kept to a
minimum io avoid excessive water maévement in the OV
pipe, therefore they are normally connected close
together.

The two main problems lo overcome when posilioning
the pump and F&E pipe connection are:

1} To prevent air entrainment through minor leaks in
valves and fittings due to a sub-atmospheric pressure
being set up in the system {these leaks are olten toc
small to let water escape). This problem is caused by the
pump suction pressure being greater than the static
pressure, governed by the height of the F&E cistern
above the pump.

N.B. The static head should comply with the
recommendations of boih the boiler and pump
manufacturer.

2} To prevent water pumping over inlo the F&E cistern
through the OV pipe, or a reduction in pressure causad
by the purnp at the OV connection to the system which
is greal enough o lower the water level in the OV pipe
below the point where it connects to the circulating
pipework once again atlowing air into the system.

Boih these problems can give rise to noisy operation,
reduction in efficiency and corrosion {(Appendix C).

In modern gas lired domestic boilers fitied with high
resistance copper heat exchangers it is recommended




that both the OV pipe and the F&E pipe should be
connected to the flow pipe. The F&E pipe should be
connteclted not more than 150mm from the OV
connection so that they are under virtually the same
pressure. The pump is fitted in the flow close to the F&E
connection to maintain the sysiem at a pressure greater
than the siatic pressure.

li is necessary to install either a by-pass or a diveriing
valve with a mid-position which is always open to one
cireuit 1o comply with British Gas Requirements. This is
to ensure that there is always a route for leed water o
the boiler.

Jet Central Heating Systems (cont.)
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Figure 4 Close-coupled connection.

Sealed Systems

The pump sizing design procedure is the same as for the
cpen venled system. In a sealed system, a sealed
expansicn vessel is ulilised which must have an
acceptance volume sullicient to accommodete the
volume change of system water when heated from 10°C
to 110°C., The systemn should «also be provided with a
salety valve, a pressure gauge and means for system
filling, make-up and venting.

The vessel should be of the flexible diaphragm type,
complying with BS 4814, containing air or nitrogen at a
pressute not less than the static head pressure at the
centre of the expansion vessel.

Nitrogen Water from heating system

Ny P T

A Before the boiler has been fired the lank contains
only air or nitrogen

B As lhe lemperalure rises the diaphragm moves o
accepl the increased water volume

C Position of diaphragm when water temperature
has reached its maximum

Figure 5§ Expansion lank with flexible diaphragm lor sealed
system.

The vessal should be connecied o the system at a point
close lo the pump inlel in order o maintain positive
pressures throughout the system. Installation should be
in accordance with the manulaciurer’s insiructions and
with the recommendations in BS 5449; Pari 1.

The llow water temperature and temperature drop can
be increased to gain full economic advantage from the
sedled system. This has the effect of reducing the overall
size of the heal emitters. Additional savings are possible
due to the reduction in mass llow rate of water and the
pump head required resulting in smaller diameter pipe
circuits.

Copper Tubes

Generally, copper tube to be used in conventional
heating systems is to BS 2871: Part 1, Table X (hadi-hard
temper), and Table Y (half-hard or annecled condition).
Copper tube to BS Z871: Part 1, Table 7 can alse be
used, but because it is hard drawn thin wall tube, i
cannol be bent. There is a mandatory requirement that
tube instalied underground must conform to BS 2871:
Part 1, Table Y {MWB 51 and 52).

The type of copper tube recommended for mini/micro-
bore installations is o BS 2871: Parl §, Table W
(annealed condition) in purpose made ceils. It can be
obtained in standard coil lengths from approximately 10
lo 50m which, together with its soft condition, facilitates
ease and speed ol installation. Copper tube coils to

BS 2B71: Part 1, Tables Y (annealed condition) should be
used {or mini/micro-bore installations underground.
Tube to BS 2871: Part 1, Tables X and Y (half-hard
temnper) and Table 7 (hard temper) are available in
standard lengths of up to bm. However increased labour
costs incurred by additional jeinting and fixing limit
their use to llow and returm headers fixed on the
surface. These headers from boiler to manifolds need o
be hali-hard or hard temper tube to support the various
ancillary equipment. The standard cutside diameters of

all tubes within BS 2871: Part 1 permit interchangeability.

Fittings should be of copper or copper alloy to BS B64:
Part 2. Manipulative compression litings Type 'B' are
suitable for use with Tables W, X and Y copper tube to
BS 2871: Part 1. Non-manipulalive compression fittings
Type 'A are suitable {or use on tube to BS 2871: Part 1,
Tables W, X and Z and Table Y in the hali-hard
condition. If comprassion joinis are used below ground,
Type B’ manipulative fittings must be used. These
fittings shall be made from gunmeial or dezincification
resistant brass to BS 2872 or BS 2874 material
designation CZ132 (see CDA Information shest [S36).
Capillary fithings o BS 864: Part 2 may be used above or
below ground on any tube to BS 2871: Part 1. Details of
jointing procedures lor copper tube are contained in
CDA Technical Note TN33 'Copper Tube in Domestic
Water Services'.

Copper has the highest thermal conductivity of all the
engineering materials, typically 2.93 - 3.64 Wem™°C™!
for copper tube to BS 2871: Part 1, C106 at 20°C,
therefore copper tube finds uses not only in circulation
and distribution pipework bul also as a heat exchanger
in boilers, heat pumps, underfloor healing, radiclors,
indirect cylinders and solar panels.
The other major advantages of copper tube are:
suitability lar use with polable and other waters;

high resistance o corrosion;
absoluie gas Hightness-no oxygen diffusion;
ability to be jointed and bent easily;
high strength and ductiity;
resistant to temperature over 100°C;
and sase of prefabrication and installation.

In radiators, serpentine copper coils mechanically
expanded into aluminium or steel channels, result in
lightweight high efficiency heat emitters. The low water
conient of these units enables quick response to
thermosteatic controls and the corrosion resistant cll
copper waterway ensures a long operational life.

Plastic Coated Copper Tube
Copper tube to BS 2871: Part 1, Tables W, X, Y and Z is
available with plastic coatings in o range of colours to
identity its use in service.
Generally, Blue or green - cold water services
Yellow — gas pipes
White - central heating pipes

It is available in straight lengths or coils with diameters
ranging from 6mm to 54mm and a plastic coat thickness
of lmm : 6 to 28mm and {.5mm : 35 to 54mm. The
polyethylene coating gives protection against
mecharnical damage and corrosive environments.
Plastic coated copper tube is also available with the
inner surface of the plastic profiled to trap air, this forms
a noise and thermal barrier.

Gas Pipework

Copper tube to BS 2871: Part t, Tables W X, ¥ and Z are
also used for the distribution of natural gas in domestic
and commercial properties and liquelied petroleum gas

(LPG).

All aspacts of the installation must comply with BS 6891
for natural gas and BS 5482 for LPG. The gas supply
may be buried in g concrete screed, run below a
suspended floor, or otherwise insialled internally or
externaily to the building, subject to protection against
corrosion or mechanical damage.

Gas-carcassing syslems are available which consist of
plastic coated copper gas lube with associated plastic
termination unils housing brass ierminal fiflings. The
terminal fittings can be positioned as required and are
similar in appearance and size to an elecirical or aerial
socket outlet. Gas appliances can be connected 1o the
supply according to requirements allowing the home-
owner the flexibility of installation usually associated
with electrical installations. This has a particular
advantage in houses where space heating is caterad for
by individual gas fires.

Heat Exchangers
Copper and copper alloy heat exchangers of the
integrally finned or fin and tube construction are used in
a variety of heat generaiors including:

Low water content boilers;

Maodular boilers;

Combination boilers;

Instantameous hot water heaters;

Heat pumps;
and Condensing boilers {primary heat exchanger only).

Integrally finned tubes are those in which helical fins
are extruded [rom the tube by a rolling process. Fin and
tube type heat exchangers are those in which a copper

et Central Heating Systems (cont.)

tube is mechanically/hydraulically expanded inic a
stack of regularly spaced copper or aluminium fins
pierced with a pattern of holes sized io receive the tube.
Both of these processes increase the surface area of the
heat exchange tube enabling high efficiency heat
transfer to the waler.

The heat exchanger is tinned 1o give added protection
against possible corrosive constituents in flue gases.

Valves

A wide range of copper alloy taps and valves are
employed in heating and het water systems lo lacilitate
safe and efficient operation and control water
circuiation, distribution and draw-off. Draining taps for
hot and cold walter installations and heating systems
should be lo BS 2879, diaphragm type {loal cperated
valves to BS 1212: Pari 2., globe, globe stop and checl,
check and gate valves to BS 51534, Copper alloy valves
used lor other applicaiions should meei the material
requiremenis of the relevant British Standard
Specification.

Copper dlloys are the preferred materials for use in
water circulation or distribution sysiems because of their
high strength, corrosion resislance and compatakility
with the working fluid.

In some areas of the UK impuriiies in the potable water
muake it aggressive to duplex brass producing o form of
atiack known as dezincification. In these areas
dezincification resistant brass (CZ132) {ittings and valves
should be used (see CDAIS36).

All copper alloy valves are available with capillary or
comprassion ends o BS 864 Part 2.

Water Velocities

Problems can arise due to excessive waler speeds
which in extreme condilions can cause premature tube
[ailure by cne of several mechanisms including erosion/
corrosion and/or cavilalion. The recommended
meximum water velocity for dilfering service conditions,
assuming goaod design practice and installation
procedures is 2ms ! irrespective of tube outside
diameter. Water flow resistance data are given in
Appendix B. Further information regarding design
considerations for copper tube including expansion
joints, spacing lor copper tube supports and protection
ol piping is contained in TN33 'Copper Tube in Domestic
Water Services'.

Insulation

Hot water pipes should be insulated unless they are
intended to contribute to the heating of part of the
building which is insulated or they give rise to no
significant heat loss. Insulation should meet the
requirements of the Building Regulations and the Model
Water Byelaws (BR LS and MWEB 49). Data on insulaiing
materials and minimum thicknesses is given in the
general note to MWB 49 and in BS 6700. Celd water
supply pipes for domestic purposes should be installed
so that, as far as is reasonably practical, the water will
not be warm when drawn from the tap. If the cold
supply cannot be installed away from the hot pipes then
it should be adequately insulated. If neither of thess
medsures are practicable the cold pipe should ke
installed below the hot pipe.
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Underfloor Heating

Underfloor wet central heating systems using copper
tube {or circulating heated water to provide space
heating are used throughout Europe in domestic,
commercial and public buildings. Generally, the
systems utilise ¢ central beiler circulating heated waler
to a distribution manifold with control and shut-off

valves on the feed and discharge pipes. The water is
circulated under the floor surface which becomes the
radicior, A correctly designed and installed system gives
cmn even floor temperature and attains a room
temperature distribution which approaches the ideal.

240 6° 2 24°

B 200 24° 16° 20 24° *Celsius

16*  Z0°
Ideal temperature Under Floor Radiator Ceiting-mounted
profile in a room Heating Heating Heating

Figure 8 Temperature prolile of different heating systems.

To prevent discamfort the surface temperature of the
floor is lirniled to a maximum of 28°C. Systems are
usually designed to achieve a surface temperature
between 25° and 28°C, this limits the thermal output of
the floor so the building must be well insulated. The llow
water lemperatire is normally in the range 30° {0 40°C,
therefore the temperature difference between the
circulating water and ambient air is less than in a
conveniional radiator system resulting in reduced heat
loss through the [eed pipes. Operating at these low
waler lemperatures resulis in an increased hoiler
efliciency and allows far o wider selection of heat
soutces including condensing boilers, heat pumps and
solar energy.

Due to the relatively low surface temperature of the heat
emitter, ihe duration of the heat up pericd is increased
when compared with radiator systems, although
ambient air temperatures can be 2° to 3°C lower than
with conventional syslems whilst maintaining comlort
levels. This is due to 50% of the heat being emitted by
radiation. Conventional panel radiaters which can be
70% plus convective produce convective air currents.
This movemenl of the air is considered o have a
‘cocling’ effect on the occupants of the room.

Plastic coated copper tube coils are normally used
either 1) embedded in grooves in the heat insulating
layer {Figure 7{a)} or 2} embedded in a floating floor on
top of the insulating layer (Figure 7{b}}. [n the first case

additional heat dissipaiing meaierial has to be used to
improve the heat transfer between Roor and tube. In the
second case the heat transler is improved but greater
care is required when installing the Hoor to prevent
damaging the tube.

Z

Figure 7{a) The circulating iubes are placed into the heat
insulating and noise absorbing layer below the floating [loor.
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Z

Figure 7{b) The circulating tubes are embedded directly
inte the floating floor.

Figures 6§, 7(a) and 7(b) courlesy of Wieland-Werke AG

Underiloor

The plastic coating gives protection against mechanical
or chemical damage and allows for longitudinal
thermal expansion of the copper tube in the floor.

For further details of plastic coated copper tubes reler to
the earlier section entitled Copper Tubes.

Instatlation of these systems in the UK should comply
with the Model Wafer Byelaws.

The bedding of any pipe and associated joints forming
part of a close circuit system of underfloor space heating
in screed or in a properly lormed chase in a wall or solid
floor which is subsequenlly plastered or screaded will
be accepied if the pipe and joinis can be exposed for
repair or replacement by rermmoving the surlace layers of
the wall or floor. (IMWB 5B)

ecating (cont.)




eat Pumps

The heat pump is a device which extracts thermal
energy irom a low lemperature source and upgrades it
through use of a refrigeration system to a higher
temperature for use for inslance in space and water
heating. They are economically attractive because the
energy consumed to drive the refrigeration cycle is less
than the heat output. The efficiency, coefficient of
performance (COP), is defined as:

Energy used driving
heat pump

The useful heat energy
supplied by the heat
pump.

Generally speaking, the heat pump utilises either air,
ground water or running water as the heat source and
air or water as the heat sink. Air/air {air heat source/air
heat sink) heat pumps are gererally used in commercial
sectors. Airfwater heat pumps are generally used in
domestic installations combined with conventional
radiator systems. The materials of construction of the
heat exchangers (the evaporator iubes/oeils and
condenser tubes/coils) and the connecting pipework are
predominanily copper.

Heat pumps operate at their highest efficiency when
ambient air temperatures are high and ouiput
temperatures are low. Also the space heating
requirement increases with decreasing ambient air
temperatures. This resulis in a 'crossover’ temperature
where the heat oulput of a heat pump is equal to the
space heating requirement. When ambient air
temperatures tise above this temperature the available
heat pump output will be in excess of the space heating
requirement. Also, as the ambient air iemperature falls
below this 'crossover’ temperature, the heat pump
output will be insufficient to meet the heat requirement.

Healing Courlesy: BRE

raguirement
(W)
A

Heal pump output
—

Supplement

required~
v
Full Part No space
load load heat_mg
cperation | operaticn required
B Znamemenneend s
0 Ll\( E
Tc To

Ambient air temperature

T = Crossover lemperature; output balances requirement
T = Highest temperature where space heat is required

Figure 8 House space heating load and heat pump oufput:
air temperature.

When designing healing systems the outside
temperature is usually set at —1°C. Alarger heat pump
would be needed to meet the space heating
requirement at this temperature (the ‘crossover’
temperature) than would be necessary if the heat pump
was sized to match the heal requirement at a slightly
higher design ambient air temperature with a boiler
used to supplement the heat pump when temperatures
drop down to —1°C. Also, when air/fwater heat pumps
are used with o radiator system., large radictors may be
necessary as many reirigerants limit the maximum
available temperature from the heat pump o 80°C as
opposed to the 82°C flow temperature in conventional
central heating systems. Therefore zome installations
utilize a beiler to supplement and reduce the size of heat
pump required.

Small heat pumps for domestic hot water only can prove
economically advantageous installed in buildings with
a high domestic hot water usage.

Evaporator
{air o refrigerant)

A S

>< Conneclions
{o healing

L‘] system

Cusing | Compressor

Expansion device
{valve or capillary)

Condenser

(refrigerant

o water)
Evaporator

00000

VON%Nv-j
| [ E—

Accumulator
(lo store excess
liquid refrigerant)

N N

Reversing (normally hermetic)
valve Primary pump
{for defrost) (lo ensure correct

and censtant low
through condenser)

Couriesy: The Electricity Council.

Figure 9 Typical self contained domestic heat pump.
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Hot water supply systems are often combined with
space heating systems but can be supplied as separate
packages. The type of system can be divided into two
categories: 1) siorage and 2) non-siorage, The storage
systems can be sub-divided into two categories: 1a})
cpen venied and 1b) unvented.

Storage Systems

Open Vented

The iraditional type of water heating in dwellings over
the last 60 years criginally utilised a coal-fired back
boiler or kitchen boiler. Today a gas-fired boiler and/or
an immersion heater is more usually used.

The open vented domestic hot water system utilises a
copper cylinder to store hot waier heated directly by a
beiler or immersion heater, or indirectly by a boiler,
solar panel, heal pump elc. In either case the cylinder is
storage cistern fed and has a vent pipe of 22mm
minimum OD running from the top of the cylinder rising
coniinuously to a pre-determined height above the cold
[eed cistern and discharging through the cover.

Primary pipework for direct systems should be designed
for gravity circulation with How and return pipes
between the bailer and cylinder run as directly as
possible and not less than 28mm OD {22mm OD for
small back beilers). Direct cylinders should meet the
requirements of BS 659 and be supplied by a cold water

Domestic Hot
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feed cistern. In hard water areas where scale build up
may obsiruct the pipes between the boiler and cylinder
an indirect system is advised.

Indirect eylinders should always be used when
domestic hot waler and space heating are provided by
one boiler.

The indirect cylindéer is either of the double feed type
complying with the requiremenis of BS 1566: Pari 1 or
the single feed type complying with the requirements of
BS 1566: Part 2. The British Standard Kitemark provides
the assurcnee that eylinders are manufactured in full
compliance with the relevant BS Specification. Ini the
double feed indirect cylinder primary water is circulated
within a coil in the eylinder. Prevention of contaminction
of the secondary hot water within the single teed
indirect cylinder is maintained by an air pocket
separating it from the primary heating water.
Installation of these types of cylinders should comply
with the MWB 35, 36 and 37 and meet! the requiremenits
of BS 6700.

The recommended minimum storage capacity of the
cold water leed cistern for small houses supplying hot
and cold water outlets is 200 to 300 litres. In larger
houses 100 litres per bedroom is recommended. (See
BS 6700 para 5.3.3)

Cold water
draw-oli

- Hot water draw-off

Courtesy: British Slandazds Institution.

Boiler

Figure 10 Direct (vented) system.
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draw-off
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L]
Boiler
Couriesy: British Standards Institution.
Figure 11 Indirect (venied) system.
Combination lype siorage cylinders to BS 3198 Hol water
incorporate the cold water feed cistern on top of the hot drerw-off
water cylinder. This type of storage cylinder must be F
installed at a high enough level to give adequate flow at
the taps. The sole mechanical component in the open Mains
vented domestic hot water supply systemn is the cold woder
ballvalve requiring occasicnal servicing. Hot and cold supply

laps supplied from the same cistern means theat
balanced pressures are achieved without water
hammer or outlet noise.

Unvented

The 1986 Model Water Byelaws permit bulk storage of
hot water under mains or controlled pressure. The
unvented storage cylinder can be connected direcily to
the mains or cislern fed and is without permanent
venling.

Currently (May 1988), installaiion of these systems
should comply with manulacturer’s recommendations,
ithe Building Regulations, the Maodel Water Byelaws and
lhe British Board of Agrément cerlificalion. Section G3 of
the Building Regulations states: "If hot water is stored
and the storage system does not incorporate a vent pipe
lo atmosphere, there shall be adegquate precautions to:

() prevent the temperature of the stored waler at any
time exceeding 100°C and

{b) ensure that the hot waler discharged from safety
devices is salely conveyed to where it is visible but will
cause no danger to persons in or about the building.”

Cold water draw-off

A~ LINE STRAINER

B - INLET CONTROL VALVE

C - CHECKX VALVE

D - EXPANSION VESSEL

E - EXPANSION VALVE

F - TEMPERATURE RELIEF VALVE

Eromaaey

Figure 12 Diagrammalic arrangement of mains fed
unvented hot water storage sysiem.

Figure 12 illustrates the unvented domestic hot water
systemn, The system shown can be supplied as a unit
with all the ancillary equipment lactory fitted and
pre-set. The companents included with the cylinder are:
A Anin line strainer to ensure irouble free function of
other devices downstream.

B A pressure regulating valve io BS 6283: Parl 4 to
overcome the fluctuations in pressure in the mains and
supply water lo the cylinder at a conslant pressurze.

C A check valve to BS 6282: Part 1 to prevent cross-flow
between the hot and cold waier supply.

e

D An expansion vessel to BS 6144 to accommodate the
thermal expansion of the water.

E An exponsion valve to BS 6283: Part 1 set to relieve
pressure should the expansion vessel {ail 1o
accommodaie the normal thermal expansion.

F Atemperature reliefl valve to BS 6283: Part 2 or Part 3
set io apen at 95°C mox. and to discharge to waste. An
agir-break device is sometimes included to prevent
implosion-ccllapse of the cylinder.

In addition to a thermosiatic conirol to maintain the
temperature of the stored water, a non-resetting energy
cut out device to BS 3955: Part 3 should be incorporaied.

In a directly healed system the thermal cut cut should
be on the storage cylinder, In an indirect system, the
heating ccil should only be connecied to an energy

supply fitted with a temperature operated energy cut
out. (BR G3)

Copper alloy safety and control valves utilised on the
unvented hot water storage unit will be manufactured to
the previously mentioned British Standard
Specilications.

Pressure reliel valves, expunsion valves and
temperature reliel valves should comply with MWB 94
and 95. Accommeodation of expansion water in cistern
fed systems should comply with MWEB 90,
Accommoadation of expansion water in syslems
connected to a supply pipe should comply witk MWB

91, Capacity of the expansion vessel should comply with
MWB 92. The cylinders can be heated dirscily (by gas or
electricity) or indireclly. Indirect heating should be by
double feed systems only.

Copper is a prime cundidate material for unvented
cylinders due to its proven longevity and acceptance in
the indusiry over many years.

The cost of a mains led unvented domestic hot water
system is much the same as the open vented system.
The extra cost of stronger storage cylinders, larger
mains and the need {or relatively expensive salety
conirols is offsel by savings due to requiring less fittings,
smaller distribution pipes and omitting the cold water
feed cistern in the unvenled system.

Cylinders

All copper domestic hol waler storage cylinders
whether they be of the combination, open vented or
unvented type, are manufactured from copper sheet to
BS 2870 {C106, Phosphorus deoxidised non-arsenical
copper) and factory tested lo 1.5 times their working
pressure, in compliance with the appropricte British
Siandard Specification. They should be installed with
suitable means to facilitate isolation from the supply and
draining dowrn.

The primary heaters in double-feed indirect cylinders
should be of the coil type manufactured from copper
tube to BS 2871: Part | with a continuous fall to prevent
the formation of air pockets.

For direct cylinders, heating coil units are available
which can be connected into the boiler primary circuit
and inserted into the cylinder through the immersion

Domestic Hot ¥
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lapping to convert it o an indirect cylinder. A converted
direct cylinder is less efficient than a normal indirect
cylinder due lo the heating coil having restricted surface
areda and thus reduced heat transter rate.

Other conversion units cre available including heating
coils insialled in the top of either direct or indirect
cylinders and connecled to the mains o provide high
pressure hot waler. Again due to the resirictions on
heating coil surlace area and temperature of the stored
domestic hot water {typically 60°C) the unit will not be as
efficient (in terms of maintaining high flow rates and
ternperatures) as either unvented domestic hot water
slorage cylinders or water jacketed tube heaters/
thermal storage cylinders connected to the maing
supply.

Somes immersion heaters are manuiactured with copper
sheathing around the heating element. Filler alloys
used lor brazing are of copper-silver-phosphorous or
other corrosion resistant alloy which does not undergo
dezincification and does not produce britile joints,

BS 3456: Part 2.2] refers. Silver-bearing alloys should
comply with BS 1845,

Insulation of all hot water storage vessels should meet
the recuirements of the Building Regulations (BR L5).
Factory insulated cylinders to BS 699, BS 1566: Parts |
and 2 and BS 3198 meet this requirement.

Non-storage Systems

In this type ol hol waler healing system more commonly
known as instantaneous water heaters, the water is
healed as it passes through a copper heat exchanger.
The heat source is either gas or electricity controlled
automaticaily by the waier flow. The healer operates on
a minirmum {low which should give a temperature rise
of 35°C, the lemperature rise at {ull flow is normally set

at 45°C,

Multi-cullet heaters work most efficienily when one tap
is used al o time. Inslantanecus waler heaters of this
type herve relatively high power ratings necessiiating an
adequale electricity or gas supply

No provision is needed for expansion water in
instantaneous water heaters. (MWE 91)

Anoclher lype of system is the water-jacketed tube heater
ar thermal storage unit {Figure 1}. Here the water is
heated as il passes through a copper heat exchanger
conlained within o copper cylinder of heated waler in
lhe primary circuil which can be veniad or sealed. The
cold water feed may be from the waler main or from a
storage cistern. When supplied directly from a main
supply pipe the high pressure is contained within the
coil, the cylinder is not pressurised. Expansion of the
wealer must be accommodated such that there is no
discharge from the system excepl in emergency
situations. The amount of stored water in the cylinder
(which in some designs can include the space heating
circuit), the rate of heal input to it and the heat
exchanger characterisiics determine the amount and
rate of {low of domestic hot water that can be provided
without unacceplable temperature drop.




Solar Heating

Solar energy may be used o supplemeant «
conventional domestic water heating system allhcugh
in hot sunny weather solar energy may be sufficient o
heat water to the required draw off temperatures. Many
different designs of solar water heating systems are
possible from simple direct feed gravity systems io more
complex pumped circuils using two indirect storoge
cylinders or one cylinder with two indirect coils.

Detailed guidance on design and installation is
contained within BS 5918.

Generally, solar collectors will be either the fin and
tube, [lal plate or evacuated tube type, all with selective
surfaces: a selective surface is one that will achieve
high absorpiance and low emittance.

Kilchen
sink

Mains
wuter

I L
éc’f' Air vent
Hap——— Solar panel
Cold waler [eed
Hecaled water i
. = N A ¥
| I—
Electric
immersion
e heater
Y @— Pump
Hand basin 3
Expansion
Aath vessel

Figure 13 Schematic diagram of g pumped solar water
healing sysiem.
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Because copper is a high thermal conductivity material
it is important to ensure that in an all-copper domestic
solar heating system all compenents apart from the
exposed face of the collector are well lagged to prevent
radiation loss o the external atmosphere and also the
internal environment of the building. The conversion of
incident sclar radiation into usable heat in a solar
heating system involves the transfer of heat through the
body of the collectar o the heat transfer fluid, which
carries it away for storage and subsequent use. The
efficiency of the thermal transfer is a functon of the
conductivity of the panel materials including the solder
and the separate bonded tubes which may be spaced at
greater distances with copper than with other materials
of lower conductivity.

Systems requiring frost protection use non-loxic
propylene glycol. It is advisable to have the glycol
cantaining heat transler fluid checked annually te
ensure that excessive acidity has not been generated as
this can increase the corrosivity of the heat transier
fhaid.

A major factor in the selection of copper for solar
heating systems concerns compalibility with other parts
of the domestc hot water system. The most important
mechanisms causing corrosion may be summarised as
the presence of a) oxygen and h) mixed metal systems.
A closed circuit system incorporates devices to allow lor
expansion and verling of the system hence reducing
the pick-up of oxygen from the air and the single metal
system reduces the susceptibility of components to
corrosicn, see Appendix C.

In designing the solar heating system it is advisable to
ensure that water to be drawn off from the solar storage
cylinder is always at « temperature no less than 553°C to
prevent the growth of Legionella prneumophila, see
Appendix D.

Solar Heating (comnt.)

Solar Panels

The most common lorm ol lat plale collector is the pane!
type, consisting of discrete waterways sither formed
integrally in the panel or separately from round or
rectangular tube and attached to the collector plate by
soldering, brazing or cleating. The solar generated heat
is conducted from its point of origin to the nearest
waterway, and then through the wall to the heat transfer
fluid. Installers are advised to use high temperature
solders to aveid the breakdown of ioints under
stagnation conditions. Temperatures of up to 200°C may
be achieved in solar collecior panels with matt black
surface coatings.

Evacuated solar collectors use copper absorber plates
conlained within evacuated glass tubes. Heat is
tremsferred to the waler via a heat pipe with one end
connected to the absorber plaie and the other end
immersed in ihe water in a manifold. Advantages of this
system are: high efficiency due to the vacuum
preventing heat loss from the absorber plate by
conduction and convection, and ease of maintenance
because failure of one collector tube only reduces the
efficiency and does not cause a complete breakdown.

Heat Pipes

Heat pipes find uses not enly in solar heaiing but also in
heat recovery processes. A heal pipe is an hermetically
sealed evacuated tube containing a mesh or sinlered
powder wick and a waorking fluid in both the liquid and
vapour phase. When one end of the tube is heated the
liquid turns te vapour absorbing the latent heat of
vagorigation. The hol vapour flows to the colder end of
the itube where it condenses and gives oul heat. The use
of the lateni heat of the fluid enables heat to be
transferred at 500 to 1000 times the rate compared with a
solid metal rod and at temperature diflerences between
the ends of the pipe as low as 2°C., Alihough the thermal
conductivity of the materials of construction are not
critical in heat pipe applications copper is widely used
due lo the requirement for a material compatible with a
wide range of working [uids including organic fluids
and waler. This, together with the ready availability of
suilable size tube, mesh and powder sizes coupled with
the overall ease of fabrication makes copper a prime
candidate material.
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Appendix A

Table of metric sizes for copper and copper alloy tubes to BS 2871: Part 1

TABLE W TABLE X TABLEY TABLE Z
Ouiside diamester

Nominal Nominal Nominal Nominal

Size of tube Maximum minimum thickness thickness thickness thickness
mm mm mim mm mm mm mm
6 6.045 5.965 0.6 0.6 0.8 0.5
B8 B.045 7.965 0.6 0.6 0.8 0.5
10 10.045 9.965 0.7 0.6 0.8 0.5
12 12.045 11.985 0.6 0.8 G.5
15 . 15.045 14.965 0.7 1.0 0.5
18 18.045 17.965 0.8 1.0 0.6
22 22.055 21.975 0.9 1.2 0.6
28 28.055 27.975 0.9 1.2 0.6
35 35.07 34.99 1.2 1.3 0.7
42 42.07 41.99 1.2 1.5 0.B
o4 54,07 53.99 1.2 2.0 0.9
67 B66.75 66.60 1.2 2.0 1.9
76 76.30 76.15 1.5 2.0 1.2
108 108.25 108.00 1.5 2.5 1.2
133 133.50 133.25 1.5 Y 1.5
159 159.50 159.25 2.0 ! 1.5

*Reler to BS 2871: Part 2, Table 5.

N.B. Values of water low resistance through copper
tube to BS 2871: Part 1, Table W are equivalent to those

for Table X.
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Appendix B (cont.)

Waier flow resistance through copper tube to BS 2871: Part 1: Table ¥
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Flow Kg/sec.

Waier flow resistance through copper tube {o BS 2871: Part 1: Table Z
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Water flow resistance through compression and capillary fittings used with copper tube to BS 2871: Part 1:

Table X and Table W.

Appendix B (cont.)

EQUIVALENT LENGTHS IN METRES

EQUIVALENT LENGTHS IN METHES

Twin etbow Twin elbow Bend Return band Raeducer
{¢compression) {capillary) (t;tll::!:!- {comprassion}  {capil- (zorr::;m::;\
. lary)
capillary) ——————— ¥
™ Di_ ot _
T W TFE T N M %e2 %ea

Angle Gate Stop- Temp Nominal

valve valve cock of size
water (mm)
(°C)

0-063°0-068 010 0-092 0-061 4075 017 0-075 0-035 0034
0078 0085 012 012 0-078 0086 0:21 0096 0046 0043
0083 0-011 014 013 0-085 011 0-23 011 048 0-047

054 0051 10 155
068 0066 1-3 65 5]
072 0074 14 116

g1 012 0-15 015 0-095 0-12 027 012 0054 0082
012 013 013 018 012 0-15 0-33 015 0069 O0-064
013 014 0-21 020 013 0-16 036 016 0072 0-069

0-84 0084 1-6 155
1-0 0-11 241 65 8
11 012 2:2 145

013 04 G20 0320 0-13 0-186 ¢-37 016 0072 0-069
016 018 025  (-25 016 0-20 045 020 0091 0083
018 0-20 0-28 0-28 017 0-22 0-50 0-22 0096 0-0%1

012 2:2 155
015 27 65 10
017 2:8 118

017 019 0-26 025 0186 - 0-47 0-21 0092 0-085
21 023 033 03 0-20 0-25 0-57 0-258 0-11 010
022 025 0-36 035 0-22 0-28 0-656 028 012 o-11

15 016 28 155
18 020 .36 65 12
19 022 3B 115

024 0-27 0-37 0-33 023 D-28 o-65 028 11 012
0-28  0-31 0-44 041 G-26 0-35 075 035 012 014
030 033 0-47 043 C-29 0-37 0-85 037 013 0-15

2-0 0-22 37 156
2.3 028 486 65 15
2-6 0-28 50 115

28 03 044 041 0-26 0-33 080 033 016 0-15
035 038 0-63 048 0-32 0-40 0896 040 019 0-18
036 040 067 0562 Q-34 0-42 11 042 019 18

2:5 0-28 4-8 155
3-0 0:34 58 65 18
32 0-316 61 1156

Q-37  o-40 0-87 0-5i 0-34 0-42 10 0-42 0-21 0-20
046 050 o068 061 0-41 0-50 1 0-50 0-24: 0-23
0-43 054 076 067 0-46 0-55 14 058 (26 0-24

38

32 0-37 61 185
39 0-44 . 7:4. 65 22
4-2 0-49 81 118

062 058 O0B1 068 048 058 15 058 029 027
064 070 095 083 053 067 17 067 034 03
068 075 140 089 083 073 19 073 035 03

4-5 0-52 86 155

059 076 1-0 0-85 060 0-69 1-9 069 038 0-35
0-80 0-86 1-2 1-G on 0-80 22 0-80 045 0-42
0-87 096 33 11 080 0-85 2-5 0-85 048 0-44

55 C61-10° &5 28
57 068 17 115

60 069 11 155

68 077 13 65 15

7-6 0-87 14 115

Nominal Temp of Tee Reducing tee Pitcher tee Pitcher tee Elbow Elbow
sjize water {compresaion or {compression {compresaion) {capillary) {com- (capil-
(mm) (*C) espillary) or capiliary) pres-  lary)
- sion}
i i - A S ol
155 oMo 016 014 018 011 o010 0tQ0 0082 13 o011 011 042 008
6 13 0014 020 017 023 014 0015 012 011 0017 014 014 016 0470
15 0016 021 019 025 015 o7 013 012 €019 016 0416 018 01
155 0-017 025 0-2% 027 %17 00019 0145 013 0021 018 018 020 013
B 65 0021 031 027 035 022 0024 019 017 0026 022 022 024 {16
1156 0024 033 029 03B 0-24 0026 0-20 019 0030 024 024 027 017
155 0023 034 029 038 0-23 0026 021 018 0029 024 024 027 08
10 65 0030 042 037 046 030 0032 026 024 0036 023 029 033 o2
115 0-032 046 041 0-50 0-33 0037 €28 0327 0041 033 033 037 024
156 0-:030 0-44 0-37 048 030 0034 027 024 0037 031 031 035 023
12 65 0039 055 049 059 0-38 . 0042 0-32 031 0046 038 038 042 028
t15 0041 059 062 065 0-42 0-047 036 035 0053 041 041 048 030
155 0043 059 063 065 0-43 (046 0-33 033 0049 043 039 045 0N
15 65 0-050 0-68 062 075 050 0056 043 041 0059 050 047 056 037
115 0054 078 068 085 0-56 0062 Q47 047 00687 054 053 063 040
15-5 0052 074 064 0BO 064 0057 046 044 0064 052 049 059 039
1B 65 0:063 089 077 0497 65 0073 055 053 0078 060 058 070 046
115 0-067 095 084 14 070 0076 058 058 0084 063 061 076 048
155 0068 10 083 10 0-69 o077 059 0-57 0082 064 063 074 0-49
22 65 o085 11 1-0 i-2 0-84 0090 071 063 010 076 075 090 060
115 0-089 13 141 1-8 0-94 010 0-78 079 011 0-84 083 10 D-G5
155 010 1-4 1-2 15 087 010 081 081 013 0-87 087 1-C 0-68
28 65 012 14 17 1-2 012 ¢-98 0B w114 1-0 1-0 12 0-83
118 013 1-8 241 1-3 013 11 11 016 11 11 14 -89
15-5 013 1-8 15 1-9 13 013 1-0 1+1 016 1-0 11 1:3 03t
35 &b D-15 2-0 1-7 2:2 18 0158 1:2 1.2 017 1-2 1-3 15 1-0
115 016 2-3 2-0 25 17 017 1-4 1-4 0-20 13 1-4 17 1-2
15-5 0-16 23 1-9 2:4 16 016 1-2 1-4 020 11 1-4 15 11
42 65 018 2-6 2-2 2B 1-9 0-21 1-4 1-6 023 1-3 17 1-8 1-4
115 0:20 2:9 25 3-2 21 0-22 1-7 1-8 025 1-5 1-8 20 1-8
15-5 0-22 31 2-7 34 2-3 0-28 1-8 241 028 13 21 21 17
54 65 0-24 3-6 32 39 2-6 030 20 2:4 0-30 1-5 2-4 24 1-9
115 0-26 4-0 34 43 2:8 D-32 22 2-5 0-33 1-5 25 26 2-0
55 0-35 47 41 51 3-4 0-35 25 30 0-44 20 3-0 29 2-4
761 65 0-40 56 4-8 60 4-0 0-40 28 3-6 0-49 2:4 36 34 2-8
115 0-4% 60 5.2 66 4-3 0-42 31 3-9 0-49 2-9 39 3-8 30
55 0-52 74 6-5 79 5-3 0-52 37 4-8 Q-61 29 4-8 4-2 37
108 65 0-61 85 73 91 6-1 081 43 B-5 0-73 36 55 4-8 4-3
1158 0-61 9-4 7% 10 65 0-67 4-8 G6-G Q-80 37 6-0 52 4-7
155 064 9:2 7-8 9.7 6-5 0-65 4-4 58 078 3-8 58 4-9 4-6
133 65 077 N 94 12 7-8 0-77 53 71 0-95 4-7 71 5-8 5-5
116 078 12 10 t3 a8-4 0-84 57 76 10 4-5 7-6 6-3 G-0
15-5 0-83 12 10 13 8-4 0-80 56 76 1-0 5-0 716 53 59
159 65 0-97 14 12 i4 5-6 0-57 6-3 86 12 5-8 86 67 67
118 0-98 1% i2 16 10 10 67 93 1:2 61 9-2 72 7-2

088 085 1-3 1-0 075 0-85 24 0-856 049 0-46 75 0-81 14 155

i-0 11 1-5 12 0-89 1-0 2-8 10 0-55 0-52 89 1-0 16 65 42

11 12 1-6 1-3 1-0 11 32 1-0 0-58 0-B5 9-B 12 iB 118

1-3 1-4 1-8 1-4 1-1 11 3-4 13 Q-77 0-64 11 13 20 155

15 1-6 21 16 12 1-3 39 14 0-87 072 12 16 22 65 54

15 17 2-2 17 1-3 1-3 43 1-4 0-87 0N 13 1B 25 115

18 1-8 26 17 15 15 4-9 1-6 10 0-93 16 19 29 156

2:2 24 31 2:4 18 1-8 60 19 1-2 1-0 19 2-4 34 65 76-1

2:3 26 3-2 2:5 19 1-9 66 2:0 12 12 20 2-5 37 118

2-9 32 41 32 2-2 2-1 7-9 22 16 15 25 30 45 155

33 37 46 37 256 24 9-2 26 1-8 17 29 3-5 52 65 108

35 3-8 4-3 3-8 27 26 10 27 19 1:8 K} 37 56 118

36 39 4-9 39 2:6 2:6 9:7 26 1-9 1-8 30 37 55 155

4-3 4-7 5-8 4-7 32 31 11 31 23 2-2 37 4-5 &7 65 133

4-5 4-9 6-3 4-8 34 31 13 30 2-4 23 a0 4-8 72 115

46 50 62 51 3-4 3-4 13 34 2-5 2-4 40 4-8 FAl 155

5-3 5-8 74 5-8 38 3-8 14 38 23 27 45 55 82 65 158
49 53 85 115

55 61 75 58 4-0 3-8 16 38 30 2:8

24




ppendix B (cont.)

Water flow resistance through compression and capillary fittings used with copper tube to BS 2871: Part 1: Table Y.

EQUIVALENT LENGTHS IN METRES P EQUIVALENT LENGTHS IN METRES
Nominal Temp of Tee Reducing tee Pitcher tee Pitcher tee Eibow Elbow ' Twin elbow Twiin elbow  Bend Return bend Reducer Angle Gate Stop- Temp Nominal
size watar {compression or {compraasion {comprossian} {capillary) {com- (capil- {compression} {capillary} {compras- " " {comprassion valve vaive cock of size
{mm) (°C) capillary) ar capillary) pres-  [ary) : atan or {comprassion}  {cepil- or capillary) water {(mm)
— — — slan) capiflary} —————— V) ec)
. D2 o1 E ol fa ;- (20 o [T M
i i LS s S R Al = _ (D S T A I T B e i
156 0008 015 013 0117 ¢10 0008 009 008 0012 010 010 011 0078 059 0084 0083 0086 0-057 0-070 016 0-070 0033 0-032 050 0048 096 155
6 65 0-0f3 018 016 0-21 Gi3 o014 011 010 0016 013 013 (15 0-094 o671 0078 013 011 0071 0-0B8 019 0-088 G042 0-039 062 0060 12 65 g
115 0-014 019 037 0-23 014 oms o©12 011 0017 014 014 0-i6 010 : 0-075 0082 012 012 o077 0-097 021 0097 0044 0-042 065 O0O0B6 13 t15
155 0-016 024 G20 0-28 016 0-018 (18 012 0020 0417 017 048 042 0092 010 014 014 0-090 011 026 011 0081 0049 0-79 0079 15 155
8 65 0020 029 025 033 021 0022 017 918 0025 020 020 023 075 011 012 038 047 014 014 031 014 0064 0080 0-96 010 2.0 55 8
115 0022 031 028 038 022 0025 05 018 0028 022 0-22 025 016 012 013 020 019 012 016 034 016 0-068 0-065 10 0-11 2.0 115
155 0022 033 028 0-35 022 0025 020 018 0027 023 023 026 017 013 014 c-20 019 012 015 036 015 0-068 0O-066 11 010 2.1 155
10 65 0029 040 035 043 023 0031 025 023 0034 028 028 031 020 015 017 oG24 023 015 0-19 0-43 019 0-087 0-079 1.3 014 2.6 &5 0
1158 0-030 043 038 047 o 0-034 026 026 0039 011 @31 035 022 1 017 @19 027 028 016 0-21 0-48 021 0-091 {086 1-4 015 2.8 1158
158 0029 043 036 046 0-28 0033 026 023 0036 030 030 033 022 018 0-18 0625 025 016 0-20 046 020 0-089 0-082 1.4 018 2-7 155
12 65 038 053 047 056 0-38 o040 031 030 0044 036 036 040 036 0320 022 031 030 019 0-24 084 0724 011 10 1.7 0-19 3.4 65 12
115 0-040 057 051 0-63 0-41 ¢od46 035 039 0062 040 040 046 029

0322 024 035 034 021 0-28 063 0-28 012 b-11 1-9 0-22 37 115

155 0041 0-57 051 0-62 04 0-044 0-38 0-32 0047 041 038 043 030
15 65 0-048 065 058 071 0-48 0053 041 038 005 047 044 053 035
115 0062 ©74 065 081 0-53 0059 045 044 0064 052 050 060 038

023 025 0-35 032 0-22 0-27 o-62 027 Q10 0-11 1-9 021 36 155
026 030 0-41 038 0-24 0-33 o711 032 012 0-13 2-2 0-24 4-4 65 16
028 032 045 043 0-27 0-36 081 038 013 0-14 2-4 0-27 47 15

155 0051 073 063 079 0-53 0056 046 043 0063 057 048 058 038
18 65 0062 088 075 095 064 0073 054 0OB2 0076 059 057 063 045
115 o086 083 082 10 68 0075 057 057 00B2 062 060 075 048

0-28 0-30 043 0N 0-25 0-33 0-7% 033 016 0-15 25 0-28 47 155
0-34 038 052 047 0-3t 0-39 095 033 01¢% 0-18 3-0 0-33 56 65 18
036 038 056 0-51 0-34 0-41 1-0 041 019 G618 31 0-36 6-0 115

155 g-067 087 082 10 68 0070 058 056 0080 063 062 073 048
22 G5 0-083 141 086 1-2 0-82 0088 069 068 010 0-74 073 088 (58
115 o-0BG6 1.2 11 1-4 -91 0085 076 077 011 0-82 080 098 063

36 039 0-56 0-50 034 o2 1ed 1
045 0490 067 0-58 0-40 0-49 3
048 053 04 (0-66 045 0-63 1

a-42 020 0-19 32 0-36 61 155
049 024 0-22 3-8 043 7-2 B5 22
0-53 0-25 0-23 41 0-48 75 115

PNy

155 0095 13 10 14 095 0095 07% 079 010 085 085 0-98 0-66 050 057 079 066 047 057 1

A

057 028 027 44 080 B4 155

28 6s 012 16 13 16 11 012 085 095 043 10 10 12 080 062 068 092 081 056 065 17 06 033 030 53 059 10 65 28
ns ootz 17oAs 200 13 043 0 1 08 11 13 087 066 073 10 088 08 071 19 071 0634 031 56 066 11 15
1S5 013 18 15 1@ 19 013 10 11 016 10 11 1S 09 068 076 10 085 O0B0 069 13 069 038 036 60 063 I3 165

38 6 015 20 17 22 15 015 12 12 017 12 13 15 10 080 08 12 10 071 080 22 080 045 042 68 077 13 65 35
15 016 23 20 25 7 07 14 14 020 13 14 12 087 0986 13 11 08B0 0BS5S 25 085 048 044 76 0B7 14 115
15 016 22 13 24 16 016 2 14 013 11 14 ¢87 094 13 10 074 084 24 0OB4 048 045 T4 080 14 155

42 65 018 25 22 27 18 021 %4 16 022 13 17 17T 19 11 1% 12 087 086 27 09 054 08 87 10 16 65 a2
15 g2 28 25 32 20 o2 17 18 02 14 8 20 15 99 12 16 13 087 41 32 10 057 054 95 12 18 115
155 0-22 31 27 3-4 22 0-25 i-7 20 027 1-3 20 241 16 2 1-4 18 1-4 1-0 11 2.4 1.2 075 0-63 11 4.3 19 15-5

59 85 024 36 32 39 26 030 20 24 030 1.5 24 24 18 | 15 16 21 16 14 13 38 14 087 072 12 15 22 65 54
115 026 40 34 43 28 032 22 25 033 15 25 26 20 . & 17 22 17 13 12 43 14 087 o7 13 16 25 115
18-85 G35 4-7 41 51 3-4 0-35 25 3-0 0-44 2-0 3-0 29 2-4 1.8 1-8 2.6 1-7 15 15 4.9 16 10 0-93 16 1-9 29 15-5

761 65 040 56 4B 60 40 040 28 36 043 24 36 34 2B 9o a4 a1 24 18 18 &0 19 12 10 18 24 3 65 7641
115 048 &0 52 66 43 042 31 39 049 28 39 3B 30 P 93 25 32 28 19 19 &8 20 12 12 20 25 37 115
1556 052 74 65 79 5.3 0-52 37 4-8 061 2-9 4-8 4:2 3-7 2.9 3.2 41 32 3.2 2.4 4.9 2.3 18 1.5 25 2.0 45 155

108 5 061 85 73 81 61 06 43 55 073 38 &5 49 43 33 39 48 a7 28 24 92 26 18 17 29 15 52 85 108
115 o061 94 79 10 65 067 46 60 080 37 60 52 47

35 3-8 4-9 3-8 27 2-5 10 27 t-9 1-8 )l 3-7 56 115




ppendix B (cont.)
‘Water flow resistance through compression and capillary fittings used with copper tube to BS 2871: Part 1: Table Z.
EQUIVALENT LENGTHS IN METRES _ EQUIVALENT LENGTHS IN METRES
Nominal Temp of Tee Reducing tee Pitcher tee Pitcher tee Elbow Elbow : Twin elbow Twin elhow = Bend Return bend Reducer Angle Gate Stop- Temp Nominal
size water {comprassian or {compression {compression) {caplliary) {com-  (capil- : (compression}  {caplllary)  {compros- (compression)  {capil- {comprassion valve valve cock of size
{mm]) {°C) capillary} or capillary) pres-  lary} ; sion or lary) or capillary} water (mm)
sion} : capillary) ————————o ¥ - - {°C)
— DIDb1 B = ¥ D R i i N Dl_, o .
I'§ r 5= T T (8 (el T [ (i i (i m™ ( ‘/'\ = — 63‘2 E:B
15-5 0011 0417 ©15 019 012 09011 011 009 0014 012 012 013 009 0-069 0074 010 010 0067 0082 019 0-082 0038 0-037 059 0056 1-1 155
6 65 0015 ©-21 018 025 015 O0M6 ©13 012 Q018 015 015 017 011 | 0083 0091 013 013 0083 010 022 010 0043 0-046 073 0070 14 65 5
115 o6 022 020 0-27 016 o-018 014 013 0020 9016 016 018 012 0-088 0096 014 0-14 0-090 g12 025 012 0052 0-050 076 09078 15 115
155 0018 026 0322 028 018 0020 016 044 0022 0418 018 020 013 010 012 @16 015 010 012 028 012 0056 0054 087 0087 16 155
B 65 0-022 032 027 (036 0-23 0024 019 018 0027 022 022 025 Q016 ; 012 013 019 0138 012 015 0-34¢ 0115 0071 (066 11 011 2.2 65 . 8
115 0-025 034 030 033 0325 0027 021 020 0031 025 025 028 018 : 013 014 022 621 013 017 038 017 0078 0072 11 012 22 315
155 o024 036 0-30 0-38 0-24 0-027 0322 019 0030 025 025 028 018 014 015 021 o G113 017 -39 0417 0075 0-072 12 012 2.3 155
10 5 0031 044 038 047 031 0034 027 0325 0037 030 030 034 022 017 018 026 025 018 021 047 021 0084 0086 14 015 2B 65 10
118 0033 047 042 0-81 D34 0037 029 0-28 0042 033 033 038 024 018 020 029 029 018 023 0-561 023 0410 0-093 15 0-17 30 115
155 0-031 046 038 0-49 0-31 0035 028 025 0038 032 932 036 023 018 0-19 027 26 017 0-21 0-49 021 010 c-088 1-5 017 2-8 15-5
12 G5 ¢-040 086 0-50 0-60 0-40 0-043 033 032 0047 038 038 043 028 021 0-23 033 0632 0-21 0-26 068 026 012 c-1 1-9 0-20 36 G5 12
1156 0-042 0-60 0O-53 0-66 0-44 0048 037 036 0084 042 042 043 02 : 0-23 025 0-37 036 022 0-29 0-66 029 013 0-11 20 0-23 38 115
155 0045 063 057 0-68 0-45 0-048 042 035 0052 045 042 048 033 0-25 0-28 039 0-3% G-24 030 068 030 011 012 21 0-23 39 156
15 65 0053 071 065 0783 0-53 0-080 045 043 0062 052 049 059 039 0-29 033 046 042 0-27 0-36 0-78 036 013 G-15 25 Q-37 4-8 65 15
115 0-056 GCBO O 0-88 058 0-064 (49 048 0069 056 055 065 04N 0-31 0-35 049 0-47 030 039 0-88 039 014 g5 2.7 0-29 5-2 115
155 00583 D76 066 0D-B2 055 0-058 047 045 0066 (53 0560 060 0-38 629 03 045 042 426 0-34 082 034 018 015 26 D29 4-9 RS
18 E5 0064 091 079 1-0 0-66 0075 0656 084 0079 061 053 071 047 : 036 0-39 0-54 0-49 0-32 0-40 058 040 020 018 31 034 5.9 65 18
115 0070 089 0-B8 1-1 073 g080 061 061 0OGBE 066 0G4 080 051 i 0-38 0-42 060 0-54 036 0-44 1-1 044 Q-20 Q19 33 0-38 G-4 115
15-5 0-070 10 0-86 11 0-72 o074 061 05% 0085 067 Q65 0C77 OB ~ 038 0-42 0-60 0-53 0-35 0-44 11 Q-44 021 - 020 33 0-38 6-4 155
22 65 0088 12 10 13 0-B7 0654 073 072 010 0-79 078 093 062 0-47 0-52 071 063 0-42 0-57 13 0-51 026 0-23 41 0-45 77 65 22
115 0092 13 12 1-B 0-86 010 g-80 081 012 087 085 10 067 ; 050 056 079  0-62 0-47 0-56 1-4 0-56 026 0-24 4.3 &-50 B-4 115
i5h 010 15 1-2 1-5 10 0-10 084 0GB4 012 091 091 10 071 0-54 0-51 0-84 0N 0-51 - 081 15 061 030 0-28 4-7 0-54 8-9 155
28 65 013 17 1-4 17 12 Q13 10 1-0 a-14 11 11 1-3 0-85 066 073 098 085 0-60 070 1-8 070 035 0-32 5-7 663 11 65 28
115 013 1-8 1-8 22 13 014 11 11 G-16 1-2 12 1-4 0-91 ; 070 ¢77 11 0-93 0-G5 075 20 075 ©-36 0-32 59 G-70 12 115
155 013 19 16 20 13 013 11 11 017 11 12 1-3 0-86 073 0-80 11 0-90 063 0-73 20 073 040 0-37 63 074 12 155
35 B85 016 241 1-8 23 15 0-16 13 1-3 0-18 12 1-4 15 11 Q-85 o-; 13 10 75 0-84 2.3 0-84 047 044 72 0-81 133 65 35
115 316 23 20 26 1-7 0-i8 1-4 1-4 0-20 1-3 1-5 17 12 : Q-89 0-98 1-4 141 0-82 0-87 2-6 0-87 049 0-45 77 o089 14 118
15-5 016 2-3 2-0 2-5 1-6 017 13 1-4 0-20 1:2 15 16 1.2 0-20 0-97 1-3 1-0 Q-77 C-B7 2-5 0-87 050 0-47 77 083 14 i5-5
42 65 019 2'6 23 28 18 022 15 1-7 023 1-3 1.7 1B 1-4 : 1-0 11 1-5 1-2 0-91 1-0 28 1-0 0-56 06-53 91 11 16 65 42
115 021 2:9 25 3.2 21 Q.22 17 18 0-25 -5 19 2-0 15 : 1-1 1-2 1-6 1-3 1-0 141 32 11 0-59 0-56 97 T2 18 115
155 0-23 32 28 35 23 Q-26 1-8 21 028 1-3 21 2-2 17 1-3 1-4 18 1-4 11 11 35 1-3 073 0-65 1 13 20 15-5
54 65 0-24 3B 32 39 26 0-30 20 24 030 1-8 2-4 2-4 1-9 ‘ 1-5 1-8 21 1-6 1:2 13 39 1-4 0-87 0-72 12 1-5 22 65 54
115 0-26 4-0 34 4:3 28 0:32 2.2 25 633 15 2-5 26 2-0 N ~ 15 17 2-2 1-7 1-3 1-3 4-3 1-4 Q-87 a7 13 1-6 25 t15
- 155 0-35 a4-7 41 5-9 -4 0-35 2.5 4.0 0-44 2.0 3.0 2.9 2.4 1-8 1-8 26 1-7 15 1-5 4-9 16 10 0-53 16 1-9 29 155
761 65 040 56 48 60 4-0 40 23 36 049 24 36 34 28 2:2 24 31 24 18 1-8 §0 18 12 10 14 24 34 65 761
118 0-43 6-0 52 B6-§ 4-3 D-42 31 3-8 0-49 2-9 3-89 38 30 - . 23 25 32 2-5 1-9 1-9 66 2-0 12 1-2 20 25 a7 115
155 0:52 74 6-5 79 5:3 0-52 37 4-8 0-81 29 4-B 4-2 37 2-9 32 41 3-2 23 21 78 2-2 1-6 15 25 30 45 155
108 65 061 86 T3 9.1 61 0-61 4-3 5.5 0-73 3-6 5-5 4-9 4-3 3-3 3-7 46 3-7 25 24 9-2 2-6 1-8 1-7 28 35 52 65 108
115 0-81 9-4 7-8 10 B-5 0-67 4-6 G0 C-80 3-7 6-0 52 4-7 35 3-8 4-5 3-8 27 25 10 2-7 1-9 1-8 31 37 56 115
155 0-64 9-2 78 9-7 65 0-65 4-4 5-8 0-78 39 5-8 4-9 4-6 3-6 3-89 4-8 3-9 26 26 37 26 1-9 1-8 30 37 55 155
133 65 077 11 9.4 12 7.8 077 513 71 0-35 4-7 71 5-8 5-5 4-3 4-7 58 4-7 33 31 11 31 23 22 37 4.5 67 &5 133
115 07 12 10 13 84 0-84 57 76 10 4-9 76 6-3 60 4-5 4-9 6-3 4-8 3-4 3-1 13 30 2-4 2-3 40 4-8 72 115
156 083 12 10 13 84 0-80 5.6 76 10 50 1-B 58 59 4-6 5.0 6-2 5-1 34 34 13 34 25 24 40 48 1 155
159 65 097 14 12 14 9.6 1-0 53 86 1.9 5.8 8-6 67 67 5-3 58 741 58 3-8 38 14 3-8 29 27 45 55 82 65 159
115 D88 15 12 186 10 10 &7 93 12 61 92 72 712 55 61 75 58 4-0 8 18 8 30 28 49 59 89 115




Appendix C

Corrosion in Heating Systems

If a central heating system is designed, insialled and
operated correctly, it is unlikely that there will be any
problems with carrosion of its components.

In most cases the componenis of wet central heating
systems are manufactured from a number of different
metals. Mixed metal systems have been in use for many
yvears with little trouble. Where problems have
occurred, extensive investigations have shown that they
are almost always the result of quite minor faults in the
circuit layout. Rarely are the materials themselves ai
falt.

Normal fresh supply waters contain dissolved oxygen.
the presence of which contributes lo the corrosion
potential of the water, In a closed-circuit primary system
the oxygen is expelled from solution at operating
ternperature and the water then becomes non-
aggressive.

Leaks and other corrosion problems which are found in
a smadl number of systems can be caused by air getting
inlo the circuit in more than usual amounts due to bad
design, installation or operating practices.

For example:

1) Primary water is re-oxygenated il pumped over the
vent pipe into the feed and expansion cistern. Negative
pressure aeration occurs when dir is sucked inio the
system either down the vent pipe or through minor lecks
in fittings which are often too small to let water escape.
Overpumping and negative pressure aeration can be
prevented by correct location of the pump, open vent
pipe and feed and expansion pipe as delailed in the
edarlier section Design criteria’

2} In single leed systems the primary waler is separated
from the secondary domestic water by an air seal, This
may break down and be bridged on boiling and allow
mixing between secondary water (containing dissolved
oxygen} and primary water, thus causing corrosion. The
air seal will slowly re-form if the system is subsequently
run at normal temperatures.

In the event of continual oxygen replenishment of the
system water, there is a chance of some of the following
problems:

1} Restricted water circulation.

Corrosion of steel radiaiors will result in the build up of
black or brown oxide powder in the bottom of the
radiators or collection of nitrogen and hydrogen in the
top of the radiators both of which can restrict water
circulation and heat output.

2) Bimelallic corrosion.

Where dissimilar metals are exposad in oxygenated
water, one of them, the less noble’, will be corraded
preferentially by galvanic action. In mixed metal
systems, the metals most likely 1o be atiacked are
ctumniniurm, steel and iron. If the less noble metal has a
large surlace exposed, as in a steel radiator, a small
amount of corrosion can be tolerated.

3) Pitting corroston.

Where excessive flux residues are present it is possible
for localised corrosion to develop in the form of pits
which may eventually penetrate the tubes in the form of
pinholes. Manufacturers' recommendations for
neutralisation and removal of flux residues should
therefore be followed.

Pitting corrosion of copper tubes carrying fresh water in
once-through or supply systems has oceurred in certain
areas where the water supply is aggressive. This was
found to be due to the presence of surface llms inside
the tube; these are now removed by the manufacturer
as a cendition required by BS 2871. The BS Kitemark'
gives this assurance,

In some areas where the water supply is very
aggressive, pitting corrosion of supply pipes does still
occur. Information on this can be found in CDA
Technical Note TN33 "‘Copper Tube in Domestic Water
Services'.

Corrosion Inhibitors.

In systems operating under ideal conditions, the use of
corrcsion inhibiiors should not be necessary. The
addition of recommended corrosion inhibitors can give
extra protection during commissioning and working life
and also in the event of slight variations from optimum
operating conditions. [nhibitors should not be used
when indirect single-feed cylinders are used. (MWB 37)
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Legionella in Heating and Hot

The bacierium Legionella pneumophila is probably
present to some degree in all water systems. Since the
recent outbreaks of Legionnaires’ Disease a number of
medsures have been recommended o prevent
rmultiplication of the bacteria, Two main factors which
are known to decrease the multiplication rate of
Legionella pneumophila are elevated temperature
{above 46°C) and the dosing of waler syslems with free
chlorine; (TN33 Appendix D - corrosion of copper
systemns when charged with 20-50ppm free chlorine for
long periods). A number of materials have been
recognised as potential sources of growth of the
bacteria, copper as a bactericide however has been
largely overlocked. There is some evidence based on a
limited survey carriad out by the PHLS 1o suggest thet
substantially 'all-copper’ systems tend to be free of
Legionella pneumophila.

The optimum temperature for multiplication of the
baeteria in the laboratory, as siated in the CIBSE
Technical Memoranda TM13, is around 37°C. At higher
temperatures the rate of multiplication of bacteria in the
laboratory decreases and at 46°C it Ialls to zero. Bacteria
will survive at higher temperatures but the survival time
decreases from a matter of hours at 50°C {o one of
minutes at 60°C and practically zero at 70°C. For these

reasons there is no viable legionella in space heating
systems using hot water radiators operating at around
80°C. With respect to hot water syslemns, any residual
free chlorine in the mains supply water rapidly
disappears on heating. The main protection against
multiplication of the bacteria is. therefore temperature
control and system cleanliness. The recommendation is
to store water centrally at 60°C and to distribute water at
temperatures no less than 50°C. Due regard must be
taken here to aveid excessive water temperatures. In
soft water areas, holding water [or long periods at
temperatures above 60°C can accelerate piiting
carrosion of copper tube (TN 33} and in hard water areas
this situation will increase the precipiiation of hardness
salts in the pipes and cylinders. Thus cylinders should
be fitted with aceurate temperature controls sc as to
achieve preservation of microbial quality without
detriment to the longevity or cleanliness of the system.
In copper systems viable organisms that have survived
heating io temperatures above 50°C may be
discouraged from multiplying in the downstream water.
It should be recognised however that the presence in the
water system of other unsuitable materials may protect
the organism from the relatively hostile environment
within a copper cylinder and pipes.

ppendix D
ater Service Systems
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British Standard Specifications and Codes of

Practice

BE 699 Specification for copper direct cylinders for
domestic purposes.

BS 864 Capillary and compression tube littings of
copper and copper alloy.
Part 2 Specification for capillary and
comprassion fittings for copper tubes.

BS 1212 Specification for foat operated valves
(excluding Hoats)
Pari 2 Diaphragm type (brass bedy)

BS 1566 Copper indirect cylinders for domestic
purposes.
Part | Specification for double feed indirect
cylinders.
Part 2 Specilication for single feed indirect
cylinders.

BS 1845 Specification for filler metals for brazing.

B5 2870 Specification for rolled copper and copper
alloys: sheet, sirip and foil.

BS 2871 Specification lor copper and copper altoys.
Tubes.
Part 1| Copper tubes for water, gas and
sanitation.

BS 2872 Specification for copper and copper alloys. 7
Forging stock and forgings.

BS 2874 Specification for copper and copper alloys.
Rods and sections {other than ferging stock)

BS 2879 Specification lor draining taps {(screw down
pattern).

BS 3198 Specification for copper hot water storage
combination units for domestic purposes.

BS 3456 Specification for safety of household and
similar electrical applicances.
Part 2.21 Electric immersion heaters.

BS 3955 Specification for glectrical contrals for
household and similar general purposes.

BS 4814 Specilication {or expansion vessels using an
internal diaphragm, lor sealed hot water
heating systems.

BS 5154 Specification for copper alloy glabe, globe stop
and check, check and gate valves.

BS 5449 Code of Practice for central heating for
domestic premises.
Part 1 Forced circulation hot water sysiems.

BS 5482 Code of Praciice for domestic butane — and
proparne — gas-burning installation.
Part 1 Installations in permanent dwellings.

B3 5918 Cede of Practice for solar heating systems for
domestic hot water.

BS 6144 Specilication for expansion vessels using an
internal diaphragm, for unvenied hot waler
supply systems. -

BS 6282 Devices with moving parts for the prevention of
contaminction of water by backilow.
Bart 1 Specification of check valves of nominal
size up to and including DN54.

BS 6283 Safety devices for use in hot water systems.

Part 1 Specification for expansion valves for
pressures up to and including 10 bar.

Part 2 Specification [or temperature reliel
valves for pressures up to and including
10 bar.

Part 3 Specification for combined temperature
and pressure relief valves for pressures
up to and including 10 ber

Part 4 Specification {or drop-tight pressure
reducing valves of nominal size up o
and including DN54 for supply pressures
up to and including {2 bar.

BS G700 Design, installation, testing and mainienance
of services supplying waier for domestic use
within buildings and their curiilages.

BS 6891 Specification for installation of low pressure gas
pipework of up to 2Bmm (R1} in domestic
premises. (2nd family gases)

British Standards Institution, 2 Park Sireet,
London W1A ZB5
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S.FE White, G.D. Mays “Weter Supply Byelaws Guide”,
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Service, 660 Ajax Avenue, Slough, Berks SL1 4BG.
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Her Majesty’s Stationery Office.

"Copper Tube in Domestic Water Services” TN33
Copper Development Association, Potters Bar, Herts ENG
JAP

The CIBSE Guide
The Chartered Institute of Building Services Engineers
Balham, London, SW12 9BS.

Technical Memoranda TMI13

“Minimising the Risk of Legionnaires’ Disease”

The Chartered Institution of Building Services Engineers
Delta House, 222 Balharn High Road

London, SW12 9B5S.
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Other Sources of Information

"Causes and Prevention of Corrosion of Copper and its
Alloys in Heating and Air Conditioning Plants”

Hector S Campbel!

Paper presenied at the 13th Conference ol CARR,
Milan, March 1972,

“Domeslic Heat Pumps”

PF Grigg

Presenied at the BRE and BRECSU Open Day
“Environmert and Energy in Buildings", Building
Research Establishment, November 1986.

"Guide to Corrosion Prevention in Domestic Ceniral
Heating Systems”

{Publication MP586p August 1376)

BNF Metals Technology Centre,

Wemniage Business Park, Denchworth Road, Wantage,
Oxlordshire, OX12 9B].

MODUSSE
The Association of Manufacturers of Domestic Unventad
Supply Systems Equipment.

"Flumbing Engineering Services Design Guide”
The institute of Plumbing
64 Station Lane, Hornchurch, Essex, RM12 6NB.

The Building Research Establishment
Garston, Watford, WD2 7]R.

"Underlloor Heating”

Dr Dieter Siemers, Wieland-Werke AG
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Dometic Water and Heating Services”, Building Industry
Convention, Royal Institute of British Architects, April
1984,
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