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Foreword

ISO (the International Organization for Standardization).’is a
federation of national standards bodies (ISO membgb bodies

of preparing International Standards is normally.¢arried out t

technical committees. Each member body interested in a
which a technical committee has been established has the

represented on that committee. Internatignal organizations, gd
and non-governmental, in liaison with 1SQ; also take part in thg
collaborates closely with the International Electrotechnical (

(IEC) on all matters of electrotechnical standardization.

worldwide
. The work
hrough ISO
subject for
right to be
vernmental
e work. ISO
ommission

The main task of technical cdmmittees is to prepare International Stan-

dards, but in exceptional cifeumstances a technical committg
pose the publication of a.Téchnical Report of one of the follow

— type 1, when the-required support cannot be obtained for
tion of an Interdational Standard, despite repeated efforts;

— type 2, when the subject is still under technical developme
for any-other reason there is the future but not immediat
of an@greement on an International Standard;

—ype 3, when a technical committee has collected data ol
kind from that which is normally published as an Internatiof

(“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within

of publication, to decide whether they can be transformeg

national Standards. Technical Reports of type 3 do not necess
be reviewed until the data they provide are considered to b
valid or useful.

ISO/TR 12596, which is a Technical Report of type 2, was
Technical Committee ISO/TC 180, Solar energy, Subcomm
Systems — Thermal performance, reliability and durability.

This document is being issued in the type 2 Technical Repd
publications (according to subclause G.4.2.2 of part 1 of the

€ may pro-
ing types:

the publica-

Nt or where
b possibility

a different
al Standard

three years
into Inter-
hrily have to
b no longer

-

prepared by
ittee SC 4,

rt series of
ISO/IEC Di-

rectives, 1992), as a “prospective standard for provisional app

lication” in

the field of solar heating systems for swimming pools because there is
an urgent need for guidance on how standards in this field should be used

to meet an identified need.

This document is not to be regarded as an “International Stan

dard”. It is

proposed for provisional application so that information and experience of

its use in practice may be gathered. Comments on the con
document should be sent to the ISO Central Secretariat.

tent of this
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A review of this type 2 Technical Report will be carried out not later than
two years after its publication with the options of: extension for another
two years; conversion into an International Standard; or withdrawal.

Annexes A, B and C of this Technical Report are for information only.
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Solar heating — Swimming-pool heating systems —

Dimensions, design-and-installationguidelines—

1 S¢ope

This Tgchnical Report gives recommendations for the
design| installation and commissioning of solar heat-
ing sy$tems for swimming pools, using direct circu-
lation ¢f pool water to the solar collectors. The report
does not include electrical safety requirements and
does npot deal with the pool filtration systems to which
a solan heating system is often connected. Annexes
A and B are included dealing with calculation of heat-
ing load and information concerning pool covers.

The mpterial in this Technical Report is applicable.to
all sizgs of pools, both domestic and public, that-are
heated by solar energy, either alone or in conjuniction
with alconventional heating system.

NOTE Many of the recommendations insthis Technical
Report [have been adopted from BS 6785.and AS 3634.

2 Definitions

For thg purposes of this Technical Report, the follow-
ing definitions apply-

sorbing radiant energy and transferring this energy as

2.1 ?Fsorber: Device within a solar collector for ab-
heat irte—a—fe-

2.2.3 collector, unglazed:” Collector in which the

absorber is directly exposed to the enviro

The rear surface-may or may not be insul

2.2.4 collector, plastic strip: Collecto

hment.

hted.

system in

which extruded plastic strip embodying fl{id passages

is arranged to act as an absorber, on a r
base.

bof or other

The strip is typically about 50 mm to 150 fnm in width

and made of flexible elastomeric or plasti

. material.

2.2.5 collector, plastic panel: Unglazed collector in

which the absorber is made of rigid plasti
bodying numerous closely spaced passag

c sheet em-
es for fluid.

2.2.6 collector, plastic piping: Collectgr system in

which plastic piping is arranged to act as
on a roof or other base.

An example of such piping is black polye
cultural piping.

2.3 differential temperature control

an absorber

hylene agri-

ler: Device

that detects a specified difference bgtween two
temperatures, and controls pumps and other electrical

devices in accordance with this temper
ence.

ature differ-

2.2 collector: Device designed to absorb solar radi-
ation and transfer the thermal energy so gained to a
fluid passing through it.

2.2.1 collector, flat plate: Nonconcentrating collec-
tor in which the absorbing surface is essentially
planar.

2.2.2 collector, glazed: Collector in which the ab-
sorber is covered by a translucent glazing material.

2.4 direct system: Solar heating system in which
the heated water that will be circulated to the pool
passes through the collectors.

2.5 drain-down system: Direct solar heating sys-
tem in which the water can be drained from the col-
lectors to prevent freezing.

2.6 indirect system: System in which a fluid other
than pool water passes through the solar collectors.
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reverse return: Arrangement of collector mani-

folding so that all flow paths through the collector
module offer approximately the same resistance to

flow.

3 Solar collectors

3.1 Types

Solar collector types commonly used for pool heating

vary consid
mestic hot
relatively 19
pool heating
more corrog

The use of
heating is n
field and ha
public pools
collectors h
losses from
domestic h
heat losses
losses are €
temperaturg
bient temps
heating app
domestic h
are proporti
insulation n
losses at sV
ance of glaj
formance

temperaturg
glazing redd
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For public pools the situation is not necessarily the
same as for private pools, since their temperature re-
quirements may be different, and year-round oper-
ation of open-air pools is common in warmer climates.
There has been substantial use of both glazed and
unglazed collectors in solar heating systems installed
on large public and commercial pools. The main fea-
tures of the various collector types are outlined in 3.2
and 3.3.

erably from those used for providing do-
water. The differences arise due to the
w temperatures required of swimming
. Also, swimming-pool water is normally
ive than domestic potable water.

unglazed, uninsulated collectors for pool
bw very widespread in the domestic pool
5 been successfully implemented in large
The reason is that conventional flat plate
hve glazing and insulation to reduce heat
the collector. Much of collector design for
bt water heaters is devoted to reducing
rather than maximizing heat gain. The
ssentially proportional to the difference in
between the collector fluid and the am-
rature. Since the collector fluid in a pool
lication is usually much cooler than in a
bt water application, the potential losses
bnately less. Hence the cost of glazing and
hust be offset by a small reduction of
vimming pool temperatures. The perform-
ed collectors may be lower than the per-
f unglazed collectors when .the’ pool
is close to air temperature,because the
ces the solar input to the_collector.

3.2 Unglazed collectors

3.2.1 Plastic (or elastomeric) panel collectdrs

These collectors usually consist of a<sheet conjtaining
closely spaced passages for fluid, with the top and
bottom header pipes integrally attached, normfally by
welding. An example is shown in figure 1. Materials
used for plastic panel (collectors include polyplefins
(polyethylene, polypropylene, etc.), acryli¢ and
polycarbonate.

3.2.2 Plastic (or elastomeric) strip collecton

[

These collectors consist of an extruded strip (of width
around 50 mm to 150 mm), with a number ¢f fluid
pasSages moulded into the strip. The strips afe gen-
erally cut to length and connected to header|pipes.
An example is shown in figure 2. Materials uged in-
clude ethylene propylene diene (EPDM) rubbgrs and
polyvinyl chloride (PVC).

Strip collectors are designed to be laid on gxisting
roofs or other supports, and their flexibility [allows
them to follow roof contours and curve around ob-
stacles.

QLOLLOL

Example of cross-section

Figure 1 — Example of a plastic/elastomeric panel collector
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Flow tubes Examples of cross-section
Joining web
Figure 2 — Plastic strip collector
3.2.3 |Plastic pipe collectors 3.4 Materials

These [collectors consist of an arrangement of plastic
piping [supported on an existing roof or other base.
The piping may be arranged in parallel lengths be-
tween [headers, similar to strip collectors, with appro-
priate flow balancing. Alternatively the piping may be
arranggd in a spiral, however with this arrangementit
is difficult to achieve both a satisfactory flowand
sufficignt thermal contact with the roof. Careful de-
sign cgnsideration must be given to this_style of sys-
tem dye to the need to avoid airlocks and/the limited
heat gain due to stagnation in long runs:of pipe. Con-
sequently, for a given heat output;“such a spiral ar-
rangement requires a roof area larger than other
arrangéments and may have(hydraulic difficulties.

3.3 Glazed collectors

Materials in contact with pool water should neither

contaminate the water nor become corr
normal service conditions. Special precauf
be observed with respect to the choice

in contact with pool water, as this water

chlorides or other corrosive minerals. All
cept some chrome-nickel steels should be
these parts of the system. It is important
that not all grades of stainless steel will
sion in these applications; grade 316
mended.

Iron and carbon steel are unsuitable f
passages in direct systems because rap
may occur, resulting in the failure of the p
rust-staining of the pool walls and fittings

All components exposed to solar radiatio
resistant to ultraviolet radiation. This is e
portant for plastics.

Materials such as EPDM which are able {

pded under
ions should
bf materials
nay contain
metals ex-
avoided for
0 recognize
fesist corro-
is recom-

br the fluid
d corrosion
hssages and

N should be
pecially im-

0 withstand

These collectors have been developed primarily for
domestic water heating. The thermal performance of
glazed and unglazed collector systems for pool heat-
ing is similar in summer, but glazed systems offer
superior performance in winter and accordingly glazed
collectors may offer a higher annual solar fraction for
applications that operate all year. However, the higher
cost of glazed collectors may make them less cost
effective than unglazed collectors and the higher
temperatures achieved may have detrimental effects
on system design and component selection (see
6.1).

£ H N PR | £ kLl
MTTLITTY VWILNuut Uditiayc arc proitiauvic

exposure parts.

3.5 Collector location

3.5.1 General

or all frost-

In order to reduce heat losses and pumping power
requirements, collectors should be located so that
pipe runs are as short as possible.
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3.5.2 Orientation

Whenever possible, collectors should face towards
the equator. The range of collector orientations that
give output similar to a collector facing the equator
will depend on the location, the local climate and the
time of year the heating is required. The collector
orientation is not significant if the inclination angle is
less than latitude 10°. Even at high latitudes this re-
quirement is acceptable for open pools, since such
pools are typt }

NOTE2 G
in the weste
temperatures

353

The optimu
mate, locati
quired.

For primaril
inclined at

of the instd
—10°). For
should be in
angle by up

For system
nation (and

eater deviation from the meridian is allowable
y direction due to the generally higher ambient
in the afternoon.

Inclipation

n collector inclination depends on the cli-
bn and the time of year that heating is re-

summer heating, the collector should be
n angle not exceeding the latitude angle
llation site (recommended value: latitude
primarily winter heating, the collector
clined at an angle greater than the latitude
to 20°.

s installed in domestic pools, the incli-
orientation) will often be dictated by the

© 1SO

nature of the roof upon which the collectors are to be
mounted. An example of the effect of non-ideal
orientation and inclination is given in figure 3, in terms
of the collector area required for a given roof orien-
tation and inclination compared with that required for
ideal orientation and inclination.

NOTE 3  The example given in figure 3 is for Melbourne,
Australia, latitude 38°S, and is based on the useable solar
energy received over a 12-month period. It is included as
an indication only of the effect of non-ideal installation con-
ditions and should not be used as the basis of calcplations
in other locations. Similar charts for other locations’¢r other
collector types can be determined from an hourly gerform-
ance evaluation over the required heating season.

3.5.4 Shading

Collectors should be located so as to be clear of
shade for at least 3 h _gither side of solar noon|at any
time throughout thepool-heating season.

3.5.5 Site exposure

Unglazed\collectors are particularly subject tp heat
losses*duie to wind. Accordingly, for windy| sites,
consideration should be given to the use of indreased
collector area or the provision of windbreaks.
Windbreaks will also assist in reducing heat [losses
from the pool surface.

60
E L— \
E \\ \\ 75 o \Q
§ >0 \'\ T —
£ ——
¢ L P — T~ SN0 % \
> (-]
é o \ \\‘ \
g T— SN0 % \ 85 % \
o
8 30 —— \
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2 0 / 100 % \
c
S0 / N
E \
3 Py 95 %
90 75 60 45 30 15 0 15 30 45 60 75 90
West North East

Collector orientation, degrees from north

DATA:
Optimum orientation N - W

Optimum inclination 20 °C

Pool temperature 24 °C

Heating season November — March

Figure 3 — Relative collector output as a function of orientation and inclination (for southern hemisphere)
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3.6 Collector dimensions

3.6.1 General

The amount of collector area required is one of the
most fundamental aspects of the design of a solar
pool-heating system. Collector performance charac-
teristics will normally be available from the collector
supplier, and the extent to which a rigorous calcu-

ISO/TR 12596:1995(E)

due to its dependence on the amount of shelter pro-
vided around the pool.

Different design philosophies exist and are described
briefly in 3.6.2 and 3.6.3. Procedures for the evalu-
ation of the thermal performance of glazed and
unglazed solar pool-heating collectors are defined in

ISO 9806-1 and ISO 9806-3 respectively.

3.6.2 Pools without auxiliary heating
(stand-alone systems)

lation ¢f collector area is needed will depend on the
operational requirements of the pool, including such Where auxiliary heating is not preVidef, the pool
matterp as the following: temperature will vary depending. Uponp the local
. . . weather conditions and the amount of Jind shelter
a) whether a requirement exists for a specified provided. The pool temperéature is esdentially the
temperature to be maintained; this may be the equilibrium temperature reached when tofal pool heat
cage in a public pool used for sporting purposes, losses are balanced bydieat gain due to sglar radiation
or when a varying temperature rise is acceptable, incident on the pool,‘The addition of colectors to a
sugh as in a private pool and in most open-air stand-alone systern Wil lead to an increased but still
public pools; varying equilibriutd temperature. The mgin objective
b) whether the swimming season will be all or part ;smt:)me:tend fhe swimming season intl spring and
of the year;
) _ ) In these cases, accurate collector dimengions are of-
c) whether there is a conventional heating system ten-not essential and design guidelines| dependent
to supplement the solar heat delivery to the pool; on‘the climatic region concerned, may be satisfactory.
. oo Because the temperature of private poolq is normally
d wrgther the purchaser wishes to have an m@— in the region for which collector energy gqutput is ap-
cafion of the likely performance of th? system, i proximately the same for all collector types, the col-
reg.ard _to temperature and extension of the lector area does not depend greatly on the type of the
swimming season. collector. It is acceptable to treat all unglazed collec-
Factor$ that need to be considered include: tors as being gquivalent fo.r the purpase fof choosing
collector area in these applications.
Locatjon — local climate As a guide, the following collector areas will generally
provide a satisfactory result:
fg,?dsigssglc shading ohhe r09f of POOl Private pools: 80 % to 100 % of pool grea
— roof slope and orientation .
Public pools: 40 % to 70 % of pool area
— colourof pool
— Wind protection For both private and public pools, the cgllector area
Y oof material may be reduced by 30 % to 40 % if a ppol cover is
installed (and used). The reason for the lafger specific
— roof colour area for private pools is the higher surface area-to-
volume ratio and hence higher relative Heat loss for
System con- — collector type ST EEES
figuration As an alternative to the use of a simple estimation

— plumbing arrangement

In some cases a detailed calculation of pool-heating
load and collector output will be necessary, while in
others a simple estimation will be adequate. A pro-
cedure for calculating the heat requirement for pools
is given in annex A. Caution should be exercised
when applying these methods for the calculation of
heat losses from outdoor pools, as wind speed has a
significant effect; however, it is not easy to quantify

based on pool area, the pool heat load and collector
area needed for a certain equilibrium temperature may
be calculated using a suitable computer program. The
heat load for a given equilibrium temperature can be
calculated (annex A), and the solar system output for
the same temperature derived from the collector
manufacturer's data and climate data for the site. The
two results can be compared and then an iterative
procedure used to alter the temperature until the pool
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load is equal to the output from a given collector sys-
tem. This will give the equilibrium temperature and
can be repeated for all months of interest. Similarly,
the effect of different collector areas on equilibrium
temperature can also be evaluated.

3.6.3 Pools with auxiliary heating

A common design approach is to calculate the collec-
tor area necessary to provide all the heat required in
the month feradic e reguirement is lowest usL
ally in midsummer. It can then be assumed that the
solar systern will rarely produce heat that is surplus

© 1SO

building codes to obtain an estimate of the wind loads
that may be encountered.

3.8 Interconnection of unglazed collectors

3.8.1 Parallel connection

Collectors may be connected in parallel, in series or
} inat | #s—tp form

geometry of available area for collector tmounting as

to requirem
auxiliary he
temperaturg
known fron
calculated a

For outdoor
collector ar
gain by the
feasible to |
higher solar
more heat
necessary t

ents. For other months, the conventional
hter may be used to maintain a specified
. The heating load for this month may be
h energy bills for an existing heater, or
s outlined in annex A.

pools this approach may result in a small
ba, primarily because of the direct solar
pool itself. In such cases, it is generally
hstall a greater area of collector, to provide
contribution to season load, even though
is generated in midsummer than is
b maintain the specified temperature.

3.7 Mountings

The metho
considered
erable force
may be suk
regarding n
mountings
tures, spec

i of mounting solar collectors has to be
carefully, taking into account the consid-
s caused by wind lift to which collectors
jected. Manufacturers' recommendations
pounting systems should be followed. If
hre to be fastened to other building struc-
al attention should be paid-toe‘the design

of the mountings and the load that they-may place on

the building
to corrode,
cause of wi
given to th
of preventi
used.

Provision s}

structure. Mountings/should not be liable
cause rainwater ledks or work loose be-
nd vibration. Consideration should also be
b likelihood ofyvandalism and the means
ng it, especially if glazed collectors are

ould be made to ensure adequate drain-

age either

under or over the collectors. Collectors

well as on the hydraulic characteristics of'the ¢
modules. The objectives are to achieve’a low p
energy for pumping, usually onlyy"1D% to 2 %
lector heat output, and a uniform”heat produc
all modules.

The starting point for-array optimization is th
irradiance temperature-rise, usually 5 K throug

bllector
Arasitic
of col-
tion by

£ high-
h each

series-connected collector group. This value lgads to
a specific flowrate requirement of 110 I/(h -[m?) to
140 1j(h - mA 0,03 kg/(s - m?) to 0,04 kg/(s - )] If

a separate pump is used for the collector arrg
4.3), theJabove recommendation is the basis

y (see
for the

hydraulic layout. However, the use of an existifg pool

filter pump for the collector array as discussed
may result in a higher specific flowrate, since
quired rate of turnover of the pool water for fi
purposes must be maintained.

The efficiency of thermal solar collectors ded
with increasing operating temperature, particul
unglazed collectors. It is therefore important t
flowrate through the collectors is sufficiently

ensure efficient operation. However, flowrates
than those specified above will produce littld
benefit and will incur higher pumping energy 1
ments.

Generally the collector modules should be con
in parallel, as shown in figure4a). The use of
connection is not recommended, as this may in
the pumping power requirement and also cal

in 4.2
the re-
Itration

reases
arly for
hat the
high to
higher
b extra
equire-

nected
series
crease
se the

downstream collectors to operate at higher, |

bss ef-

should also be arranged to avoid trapping rainwater
or accumulating debris between the collector and the
roof. This is particularly important in the case of low-
slope unpainted metal deck roofs. For these roof
systems, collectors should be run across the ribs
rather than along the channels, even though this con-
figuration may result in lower thermal output.

Where collectors are to be mounted on conventional
building structures, reference should be made to local

Ticient temperatures. Parallel connection, in which the
water returns to the pool after passing through one
collector, avoids these problems.

However, if the recommended specific flowrate
would lead to laminar flow in the modules in the case
of all-parallel connection, then several modules should
be connected in series to insure turbulent flow in all
modules (figure 5). Select the number of series-
connected modules to be as low as possible.
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To pool From pool

a) Parallel connection

From pool To pool

b) Series connection (not recommended)

Figure 4 — Parallel and series connection of panel collectors
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In large arrays, an additional reason for connecting
some modules in series is the requirement that the
pressure drop in the header pipe not exceed 10 % of
the pressure drop through a module in order to obtain
uniform flow through the parallel-connected collec-
tors. Therefcre the number of modules that may be
connected in parallel as shown in figure 4 a) is limited.

3.8.2 Interconnection of collector groups

ISO/TR 12596:1995(E)

anced and the temperature rise measured near solar
noon on a clear day is approximately the same for all
collector groups. A qualitative criterion is that the
largest temperature rise in the array should be at most
twice the smallest rise observed. This may be
achieved by the layout of the plumbing (reverse re-
turn) or the use of balancing valves.

Balancing valves may be used to obtain uniform spe-
cific flow distribution when site requirements make it

such 4

The cqllector groups should be arranged in parallelin Hrpractea—to-balereethefHowwith—sirgle plumbirg
way that the length of the flow and return arrangements, e.g. when the pressuré|drop in the
paths |is approximately the same for each collector pipework at nominal flowrate is significant compared

panel,| so that flow will be evenly distributed.
Figurelb a) illustrates the recommended arrangement,
with the flow line entering the parallel row at one end
and the return line being taken from the far end.

Connegtion of the flow and return lines to the same
panel pt one end of a parallel row will cause those
panels| at the near end to short-circuit the flow, while
those pt the far end will receive less flow and suffer
a redyction in performance. Such an arrangement
should only be used where the pressure drop in the
headefs is very much less than that in the fluid pass-
ages dcross the panels.

The flpw paths to and from the pool should be de-
signed so that the flow through all passages is bal-

to the pressure drop through the “colleq
required, balancing valves shoéuld be ins
flow line returning water from each gro
tors to the common pool “connection.
missioning [see 8.2e}] the balancing va
be adjusted to give-uniform specific flow
collectors.

Groups of. collectors at different height
connected\so that they all receive wat
lowest)point in the system and return it tq

tor array. If
talled in the
ip of collec-
Upon com-
Ilves should
through the

5 should be
br from the
the highest

points Figure 6 illustrates a system arrapged in this
way. If the return lines do not come fror:[

Reight, flow through the panels may
causing a reduction in performance.

a common
be uneven,

Ty
To pool

From
pool

Figure 6 — Recommended plumbing arrangements for collector panels at different elevations
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3.9 Conn

ections

Connections between collectors, and between col-

lectors and
ible materia

piping, should be made of a suitable flex-
| to accommodate variations in alignment

at installation, and movement due to thermal expan-
sion in service. The material of the connections should
be no less durable than that of the piping, under the
conditions of use.

The arrang
governed b

upon which

strips may

ment of r:‘rriln collectors will he larqely
Saar

© I1SO

4.2 Use of existing pool filter pump

A standard pool filter pump may be used to circulate
pool water through the collectors of small systems
(maximum 100 m? collector area) provided the fol-
lowing conditions are met:

a) the required rate of turnover of the pool water for
filtration purposes is maintained;

[P 4+ £:1 B

the nature of the roof or other structure
they are installed. Interconnection of
be either by a grid layout, or by a loop-

return arrangement between two adjacent headers.

In all cases

a maximum length of strip of 15 m is

recommendgd.

3.10 Preventions of airlocks

Flow blockdge or nonuniform flow in large arrays is
commonly daused by airlocks. To avoid this problem,
pipework should be installed so that air will naturally
rise to a suitable air-bleed device. Air-bleed devices
should be Igcated downstream of the collectors.

4 System hydraulics

4.1 Pum

Under nor
operate as

capacity

al circumstances the solar system will
a closed system, that is, with all com-

ponents fillgd with water and no free water surfaces.
In this cas¢ the static height is of no importance,
since the sthtic heights of the supply and.feturn lines

are in balan
ter to the t
head regain
Only the fri
eration in S
ditions. This
partially or

completely

Thus while

e and the head required_to raise the wa-
bp of the supply riser is\balanced by the
pd as the water flows down the return leg.
ctional losses needibe taken into consid-
izing the pump™fer normal running con-
is not so at/start-up if the system has
ully drained¢down. Until the system has
filled withwater, a static head will exist.
the, pump may be sized for the normal

operating cci)nditions, it must also have sufficient ca-

+ H kLl FSE TET-w-T +iaof 1
M e TILUT o UU’JUUID A\YA] IUIlbLIUIIIIIB YUliong Cto”ly
under the increased pressure that will result from
the addition of the collector circuit;

c) the pump has sufficient capagity~to handle the
static head and frictional losses.introduced |py the
addition of the collector circuit;

d) the collector array is.located no more thgn 6 m
above the pool leyel

Typical arrangements using an existing punjp are
shown in figurés 7 and 8. With these configurations
it may be difficult to adjust the flowrate through the
collectorsnto the required level, as the flowrgte de-
pends ‘onrvariation of pressure drop in the filtgr. Per-
jodic@djustments may be needed.

4.3 Use of separate pump
A separate pump is necessary in the following |cases:

a) small systems of less than 100 m? collectr area
if the collector array is located more thgn 6 m
above the pool water level,

b) small systems if the required rate of turngver of
the pool water for filtration purposes canphot be
maintained during collector operation usinhg the
pool filter pump alone;

c) small systems if the pool filter pump is npt able
to fill the collector array and establish the required
flowrate through it;

pacity to liftwatertothehighest-pomtimtire-syster;
albeit at a rate lower than the design flowrate.

It is also important to ascertain that an overpressure
is established in the whole collector array when the
pump is operated. Otherwise the air-bleed device at
the output of the collector array may allow air to con-

tinuously e

nter the system. The necessary over-

pressure condition can be achieved by using a
balancing valve in the pool flow line so that the col-
lector output line is filled with water when the pool
filtration pump is running (solar pump not running).

10

d) all large systems (more than 100 m? collector
area).

If a separate pump is used, and the solar circuit is
separate from the filtration circuit, the pump should
either be located below the level of the pool water,
or be self-priming. If a separate pump is used, and the
solar circuit feed line is connected to the filtration cir-
cuit downstream from the filter pump, the solar pump
will not normally need to be self-priming.
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Solar collector

Collector
temperature
sensor

I
ELect’ronic Solar delivery
controlter line
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b valves
P
I e e 2
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3 |
' ! Balancing
Pool water tem- 1 valve
perature sensor
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| = |
Filter Check Control
f\ valve vatve Auxiliary
\/ heater

Filtration

pump

Heated water
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Figure 7 — Use of existing pump, single-valve arrangement

Solar collector

Collector
temperatupe
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[}
ELecT'r‘onic Solar delivery
controller line
T
? ' Isolation
: : valves
e R
[}
e |
. Balancing
Pool water tem- valve
perature sensor
]
1=
Filter Check Control

valve valve A\ Auxiliary

AN

u A heater
Filtration I
pump

Heated water
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NOTE — A motorized three-way valve may be used in place of the two control valves shown.

Figure 8 — Use of existing pump, two-valve arrangement (collector array located at or below pool level)
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NOTE 4
protection.

Pumps with flooded suction may need frost

A typical arrangement of a small collector system us-
ing a separate pump connected to the filtration circuit
is shown in figure 9. Figure 10 describes the case of
a large system (more than 100 m? collector area).

In the case of a large system, draining the whole col-
lector array each time the solar input is interrupted
may cause problems at restart due to:

© SO

5 Controls and instrumentation

5.1 General

The control system should be automatic in operation
and should circulate water through the collectors only
when heat can be gained. The operation of the solar
circuit should not interfere with the run-on time re-

a) airlocks |n some parts of the collector array;

b) air bubbles may be carried away to the pool and
disturb swimmers or damage the pool cover;

c) pressurel pulses may be created in the collector
array when the pump starts and damage the col-
lector.

Hence, the ipstallation of two automatic valves in the
return and flow lines of large collector arrays is rec-
ommended (see figure 10). These valves and the solar
pump should be controlled in the following sequence:
the control gignal from the pump control unit should
be transmittpd to the valves and the end contact of
one of the VYalves used to control the pump. In this
way the proper sequence is ensured and the collector
array is maintained filled with water.

Collector
temperature
sensor

Electronic
controller

Pool water tem-
perature sensor

quired for removat of residual heat from any Jfossil-
fuelled pool heater. The use of manual operation, or
time switches as typically used to control)the| oper-
ation of the pool filter, will not provide-optimurnn per-
formance.

Circulation of water to the colleetors may be |either
by the filter pump or by a«se€parate pump. Thg filter
pump would, in the absence of a solar heatingy sys-
tem, normally operateZat“times when there may be
no solar heat gain. If. the filter pump is to be usdd, the
control system should be able to override any time
switch that would otherwise prevent the filter [pump
from operafing” (see also 7.4). The control slystem
should natiadversely affect the operation of othgr pool
equipment, including filters, chlorinators or ayxiliary
heating system. The filtration period should rfot be
compressed by the operation of the solar pool-heating
system.

Solar collector

Solar delivery

line
Isolation X
Solar Balancing
valve
pump

f\ Filter
W

Filtration
pump

Check valves

Auxiliary
heater

Heated water
to pool

Figure 9 — Use of separate pump and hydraulic system applicable to small systems (maximum 100 m?
collector area)
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Electronic S.otur delivery
confroller line
T
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: E valves A
N S
e |
| Balancing
| - valve
|

Pool water tem-
perature sensor

Valves to keepicotlector filled with water

Filter

N
\Z
Filtration

pump

End contacticontrol for solar pump
Auxiliary

X heater

]

Heated water
to pool

Figure 10 — Use of separate pump and hydraulic system applicable to large systems (more than 100 m?2

5.2 [Differential temperature controllers

5.2.1| Two-sensor systems

In sydtems using two sensers, one sensor detects the
pool vater temperaturé-and the other sensor detects
the collector temperature. The pool temperature sen-
sor should be lecated in the pool recirculation line
ahead of the sOlar circuit. The collector sensor should
be lopated.dn*a section of collector remote from a
fluid passage or on a piece of solar absorber material
near the)collector array but not thermally connected

collector area)

In the context of pool heating, a ngt benefit is
achieved when the value of the energy [collected ex-
ceeds the energy expended in circulating| water to the
collectors. The temperature differential gt which the
controller turns the system off should therefore take
account of pump energy consumption. |t is also de-
sirable to minimize frequent starting and stopping of
the pump.

5.2.2 Four-sensor systems

to the hydraulic circuit. For an isolated hot sensor, it
is recommended that the temperature difference at
which circulation in the solar circuit starts should not
exceed 6 K. The temperature difference at which it is
stopped should not exceed 3 K. The large tempera-
ture differentials generated by this sensor-mounting
arrangement can be detected by standard quality dif-
ferential temperature sensors. Collector temperature
sensors located in the collector outlet pipe are not
recommended, as this mounting arrangement relies
on the detection of very small temperature rises
which will require an accurate low-drift detector.

A system using four sensors offers several control
advantages. In such a system, the start differential
sensors are located in the pool water and on a section
of the solar collector plate near the collector array but
not thermally connected to the hydraulic circuit. The
stop differential sensors are located in the solar col-
lector inlet and outlet pipes.

Circulation starts when the solar collector plate attains
a suitable overtemperature relative to the pool water.
After a short time in operation, control of circulation
is taken over by the stop differential sensors. Circu-

13
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lation continues until the temperature difference be-
tween collector outiet and inlet has fallen to the set
stop differential.

The stop differential should be set to a value at which
the energy being collected is significantly greater than
the energy needed to maintain circulation. The start
differential should be set to the lowest possible value

at which the

5.2.3 Tempg

stop differential is able to take control.

A temperature sensor located in the outlet of a large

system may

cause errors at start-up due to nonuni-

formity in thg array heating under no-flow conditions.

Also, large ar
collector sec

rays are often built with several different
tions. To avoid incorrect control oper-

ations in sudh systems, a small recirculating pump

may be used

to mix the water in the collector array(s)

so that reliable temperature reading can be obtained
for start-up dontrol. Alternatively, the two-sensor ar-
rangement (5.2.1) could be used.

5.3 Photovoltaic controllers

Photovoltaic
may be used

controllers which sense solar radiation
to control the operation of the solar cir-

cuit. However, it should be noted that such a means

of control is

less effective than a differential tem-

perature confroller, because it may turn the pump on

during times
ditions when
satisfactorily.
temperature

of high radiation and cold windy con-
an unglazed collector may not function
Intelligent controllers may make use-of
and radiation sensors. Photovoltaic/sen-

sors should ke located in a position that receives the

same level o
all times duri

f solar radiation as the collector array at
hg the operating season.

5.4 System monitoring

For large public pools it is~generally desirable to pro-
vide a meang of monitoring the solar heating system,

so that the o
lar operation.

peratorsihave some feedback on the so-
This should include a flowmeter to indi-

cate the flow| thfough the collectors, and a means of

measuring th

b temperature of the pool water and the

© 1SO

as this water may contain chlorides (either from sea
water or from direct salt addition) or other corrosive
minerals. All metals except some chrome-nickel

steels should be avoided for those parts of the sys-
tem. All components exposed to solar radiation (col-
lectors, piping, etc.) must be resistant to ultraviolet
radiation. This is especially important for plastics;
EPDM rubbers have been found to give satisfactory
performance.

e Ak w anc-the-stagnation
temperatures that may be generated in the gellegtors.
The stagnation temperature of unglazed collectprs is
generally less than 50 °C; however, glazed collgctors
can reach temperatures of around ,J10°C to 150 °C
for sealed types and 75 °C to 90)°€ for types|with
significant ventilation. PVC piping* will not withstand
temperatures above 60 °C and. should not be uged in
such situations.

PVC pipework should hot be used in glazed collector
systems, or where(femperatures greater than §0 °C
may be experienced. Black high density polyethilene
(HDPE) pipednay be generally suitable. However| both
PVC and HDPE pipe must have their working gress-
ures de-rated for operation at high temperatures

Materials such as EPDM which are able to withktand
freezing of water in the passageways are prefdrable
for all frost-exposed parts.

6.2 Installation

Pipework should be installed in accordance with rel-
evant local plumbing codes. Plastics pipework should
be supported by clips or hangers at intervals ngt ex-
ceeding those shown in table 1.

The supports should permit expansion movement
without imposing undue strain on pipework, Vfalves
or fittings. Care must be taken to allow for thgrmal
expansion of plastics pipes, which is signifigantly
greater than that of copper. Additionally, the ekpan-

heated water from the collectors. Temperature indi-
cation may be derived from the sensors in the control

system.

6 Pipework

6.1 Material

Special precautions should be observed with respect
to the choice of materials in contact with pool water,

14

stormof HPDEpipe s more—thanmtwice thatof PVC
pipe. For PVC pipe, the provision for expansion should
allow for the temperature ranges that will be en-
countered in normal service, using a coefficient of
expansion of 7 x 107°K™ .

Individual support should be provided to heavy com-
ponents such as pumps and motorized valves. Where
pipework bears a load, the supports should be pos-
itioned so that the load does not cause deformation
of the pipework.
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Table 1 — Maximum spacing of supports for plastics pipe

PVC HDPE
Nominal size Maximum spacing of supports Maximum spacing of supports
m m
(ON) Horizontal or Vertical pioes Horizontal or Vertical bipes
graded pipes PP graded pipes pip

40 0,90 il ’Qn n’AQ 0'85
50 1,05 2,10 0,45 0,90
65 1,20 2,40 0,50 1,05
80 1,35 2,70 0,60 1,20
90 1,42 2,85 0,67 1,35
100 1,50 3,00 0,75 1,50

6.3 [Connections

Conndction of pipework to pumps and valves should
be arrpnged so that removal of the device is possible
witho{it the need to cut the pipework. Solvent-cement
joints [of PVC pipe should not be used for these situ=
ations|

6.4 |]solating valves

Isolatihg valves should be fitted to the-flow and return
lines ¢f the solar circuit, close to the.connection to the
filter gircuit or pool. The purpose.of these valves is to
facilitate isolation of the solar eircuit for maintenance
or repair.

6.5 |Gradient

All - pipework> lincluding  collector headers and
fluidways) should have a gradient of not less than
1:200| 18 allow for reliable draining and venting of air.

6.7 Heated-water return

The'line returning heated water from the collectors
should be positioned to introduce the heated water
ahead of any chemical-dosing equipment, or other
heating plant. The inlet returning heated jwater to the
pool should be pointed downwards to rgduce losses
due to stratification of hot water at the top of the pool.

7 System design

7.1 Water filtration (solar circuit)

Because pool water may be contaminated with sus-
pended solids or other debris that coulfl block solar
collectors and pipework, only filtered water should be
passed through the solar circuit.

This may be readily achieved where thg solar circuit

6.6 Suction outlet from pool

The suction outlet from the pool should be fitted with
a protective cover to prevent entrapment of fingers,
toes or hair of swimmers. If the velocity of flow at the
suction outlet is significant, each pump system should
be connected to at least two outlets from the pool by
means of a common line. No two outlets to a com-
mon line should be closer than 1 m to each other. The
purpose of this is to reduce the risk of swimmers
being held against the outlet by suction.

s connected to the fiter circult. However, in solar
circuits that are separate from the filter circuit, a suit-
able mesh strainer should be fitted at the outlet from
the pool (see 6.6) or else an in-line strainer fitted
elsewhere in the circuit. Such pool outlet connections
should be kept clear of the sump of the pool or the
water surface, as suspended matter and debris tend
to accumulate at these locations.

Provision should be made for cleaning or backwashing
any strainer or filter used in a solar circuit separate
from the filter circuit.

15
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7.2 Protection against freezing

7.2.1 General

Freeze protection should be provided for systems
subject to freezing conditions during part of the year.
Some collectors used for swimming-pool heating,
such as those made of elastomeric materials (e.g.
EPDM rubbers) are tolerant of freezing conditions, but
the need for protection of pipework and other com-

ceze ProteClo ay e Pro-

ponents will[TEm

vided either
circulation of

Drain-down
ever water ig
the outdoor
old value), ¢
owner to drg
swimming s

Circulation of
a freeze sen
requires mai
pump, and (
tection by th
cooling the ¢

by drain-down of the system or by
pool water.

may be either automatic (draining when-
not delivered to the solar circuit or when
temperature falls below a certain thresh-
r manual (requiring action by the pool
in the system, usually at the end of the
Pason).

pool water for freeze protection requires
sor to activate the pump. Additionally, it
htenance of power to the controller and
orrect operation of the sensor. As pro-
is means is obtained at the expense of
ool, this method is not recommended.

7.2.2 Provision for drain-down

In order to a
mounted abq

must be mef.

a) There sH
to returr]
prevent
manual
the oper

hieve satisfactory drain-down of systems
ve pool level, the following requirements

ould be an unobstructed route_for water

to the pool by gravity. Valves that can
drain-down should be (convenient for
pperation, or should be, interlocked with
htion of the pump.

b) Water s:rould not returh, to the pool by means of
|

reverse
backwas
pump is

ow through-the pool filter, since this may
h debris{ihto the pool. If the filtration
not alfeady fitted with a means of pre-

venting
ted bet

ackflow, a nonreturn valve should be fit-
een the filter and the solar circuit.
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against frost damage (e.g. by being located in-
doors).

e) Automatic drain-down systems should be pro-
vided with a means to check whether the system
has drained as intended (e.g. by fitting a drain
valve that would show the presence of water if
opened).

f) If the solar circuit is located at a lower level than
o pool surface —an—automaticisclation valve
should be provided to prevent the draining)pf the
pool through the solar circuit.

7.3 Pressure considerations

Water in the solar circuit above the pool surface level
will be at subatmospheric pressure unless maintained
at positive pressure by the pump. For heights|up to
about 1 m above the“pool surface level, the |entire
solar circuit will generally be maintained at pgsitive
pressure throughout the system by the filfration

pump.

Where collectors are mounted at higher levels,|there
may be“negative pressures in the circuits even with
thexplmp operating. This will generally be thg case
when there is a drop of more than 10 m. A vaguum-
relief valve installed in this situation would lead| to air
entering the system during pump operation with the
consequence of noisy operation, excessive chg¢mical
consumption due to bubbling, and possible air Ipcks.

To obviate this possibility, the vacuum-relief |valve
should be installed at a point where the system is
above atmospheric pressure during pump opefation.
This will require calculation in cases where the col-
lectors are located well above the pool (e.g. on|multi-
storey buildings). Alternatively, an air trap and vent
may be installed at the high point in the systen), or a
restrictor valve fitted downstream of the vaguum-
relief valve in order to increase the pressure gt the
location of that valve. The latter approach has @ pen-
alty of increased pumping-energy requirements,

¢) Automatic drain-down systems and systems us-

ing PVC
with a va

pipework and fittings should be fitted
cuum-relief valve at or near the top of the

solar circuit. If a vacuum-relief valve is not fitted,
the system components should be capable of
withstanding the negative pressures encountered

(see 7.3)

d) Any parts of the solar circuit that will not be

drained (

e.g. due to the pressure head in the fil-

tration circuit) should be otherwise protected
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7.4 Arrangement of control valves

Normally, flow control in the solar circuit using the
filter pump will be adequately achieved by means of
opening or closing a valve in the main filter circuit. If,
however, it is desired to positively close the solar cir-
cuit when it is not operating, a second valve may be
used in the solar circuit (see figure8) or else a
motorized three-port valve used to direct the flow. In
such cases however, it will be necessary to provide
a means of bypassing the valve when the pump is not
running, for the purpose of drain-down.
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8.1

Commissioning

General

The person responsible for commissioning of the
completed system should check that all aspects of

the

installation have been carried out in accordance

with the designer's and the component manufac-
turer'snstructions

ISO/TR 12596:1995(E)

If balancing valves have been fitted, they should
be adjusted in accordance with the manufac-
turer's instructions. Generally this will be com-
menced with all valves fully open and appropriate
valves gradually closed until the desired flow for
each collector group is obtained. It should be
confirmed that there is no significant imbalance
of flow between collectors. After adjustment,
balancing valves (and any isolating valves) should
be secured against inadvertent adjustment or

Commissioning procedure

The fpllowing procedures should be carried out.

b)

d)

The free movement of all valves and pump
impellers should be checked manually where this
ig possible without dismantling.

Fpr systems integrated with the filtration circuit,
the solar equipment should be shut off with
valves and the filtration circuit checked for correct
operation; all pressure gauges should read within
manufacturer's/designer's limits. Any defects
should be remedied before proceeding.

ne differential temperature controller or phote=
bltaic controller should be checked for corfect
beration. For solar heating systems which_make
e of the filter pump, the operation oflany time
vitch that controls the filter pupdgnshould be
necked to ensure that it does notuinterfere with
blar operation.

n O nw c o< -

VWater should be directed through the solar circuit
apd the system checKed ‘for leaks. The correct
operation of any air¥ents should be confirmed.
Adjust any balaneirig valves on the delivery side
of the solar colfector in order to obtain the nominal
flowrate through the collectors and to ensure that
ah overpressure is established in the whole array
(@ condition to allow for correct operation of air-
bleed devices).

f)

8.3 Documentation

TampeTing, by Temoving the tanadfes or by other
means.

If the system is designed for autpmatic drain-
down, this function should be checked (see
7.2.2).

The solar circuit¢should be subject o a pressure
test to ensure-that all components ag installed will
withstand the-operating pressure.

Atcthe time of handover, the pool owner should be
provided with an appropriate document g¢ertifying that
the system has been installed and cpmmissioned

satisfactorily.

If the operation of the solar heating slystem is de-
pendent upon the operation of the filtration pump it
should be ensured, in conjunction wfith the pool

owner/operator, that it is set correctly

so that the

pump will run at least during daylight hqurs. The sys-
tem should be handed over either in a fully operational
state or decommissioned to an extent gppropriate to

the time of year and system's design.

The owner's documentation containing [the following

items should be handed over:

a)
b)

c)

the handover document;

user's data sheet (see 8.4);

warranties issued by the manufactlirer(s) of the

The flowrate through collectors should be
checked to ensure that the temperature rise in
different parts of the array is within 5 K of the
average temperature rise. Flow through collectors
may be assessed by one of the following means:

1) flowmeter,
2) measurement of the outlet temperature;

3) measurement of the pressure drop across
collectors.

e)

components or by the installer;

operating and preventive maintenance and service
instructions describing startup, normal running
and shutdown procedures in a form intelligible to
the non-technically trained user. These should
also include details of protection provided against
frost and overheating if applicable. Details of ac-
tion to be taken in the event of faults should be
provided;

circuit diagram of any electrical controls.

17
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A separate label should also record the date of the
installation and the name and address of the installer.

8.4 User's data sheet

A list of major components should be provided indi-
cating the number, model and make of items of
equipment that have been installed. As a minimum,
the solar collectors, control system components and
pumps should be included in the list.

© 1SO

manually to provide frost protection should be in-
cluded, together with instructions for draining.

The method of operation of the control system should
be stated, together with any facility for overriding the
automatic control system.

Data regarding the need for and frequency of main-
tenance should be given. Any servicing requirements
should also be stated.

The method pf frost protection should be stated and
a clear indication of any need to drain the system

Any special hazards 1o be avoided should be Tisted, for
example, the stagnation temperature that nday-be at-
tained by collectors when the fluid flow is\nterrdpted.

18
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Annex A
(informative)

Calculation of pool heating load

A.1 General

where

The ppol heating load is the total heat loss less any
heat gain from incident radiation.

For oytdoor pools there may be a significant gain from
radiatfon directly incident on the pool. Published data
for the total radiation incident on a horizontal plane
should be used for the purpose of calculations, and it
may be assumed that at least 85 % of incident radi-
ation Will be absorbed.

The t¢tal heat loss is the sum of losses due to evap-
oratiop, radiation and convection. Calculation of the
losses will require knowledge of air temperature, wind
speed and relative humidity or partial water vapour
pressfire. Other lesser means of heat loss are turbu-
lence|caused by swimmers (the calculations below
assume a still pool), conduction to the ground (usually
consiglered small enough to be neglected providéd
there|is no ground water surrounding the pool bottom)
and rainfall (although not strictly a heat loss,\signif-
icant rainfall will add to the heating load.by,lowering
the ppol temperature). The addition of make-up water
shoulfl be considered if the temperature differs sig-
nificaptly from the pool operating_temperature.

The use of a pool cover will reduce heat losses, par-
ticulafly evaporative losses._If an allowance for the
use df a pool cover iste e made in calculating the
heating load, reference should be made to annex B.

A.2 | Evaporation heat loss

A.2.1 “Outdoor pools (dependence on

9 is the heat loss by-(évaporation, in
megajoules per square “metre per day
[MJ[(m? - d)];

P, is the saturatioh|water vapouf pressure at

water temperature 1, in| kilopascals
[obtained{ from figure A.1 Jor equation
(A.4)7;

P, is¢the partial water vapour préssure in the

ain 'in kilopascals;

vop s the wind velocity at a height of 0,3 m
over the pool, in metres per gecond.

|f*the wind velocity over the pool cannot be meas-
ured, it can be inferred from climatic dafa by the ap-
plication of a reduction factor for the depree of wind
shelter at the pool as follows:

v is 0,30v,, for normal suburban sites;
v is 0,15v,, for well-sheltered sjtes;

vie is the wind velocity normaliged to 10 m
above clear ground, in metreg per second
(as recorded in standard climgtic data).

Evaporation heat loss from a pool in active use is
higher than from a quiet pool, on which gquation (A.1)
is based. A method for estimating thg evaporation
rate during periods of pool use is given inh A.2.3.

A.2.2 Indoor pools (dependence op air speed

meteorological wind speed)

Evaporative heat loss from still outdoor pools is a
function of the wind speed and of the vapour pressure
difference between the pool water and the atmos-
phere. The following correlation for heat loss due to
evaporation is recommended!7]:

o = (5,64 + 5,96v, 3\P,, — P,) AD

at pool water surface)

The low air velocity over indoor pools resuits in a
lower evaporation rate than usually occurs in outdoor
pools. For a still indoor pool, the evaporative heat loss
g, is given by the following modification of equation
(A.1):

o = (5,64 + 5,96v,(P,, — Pon) . (A2)
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where
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Saturation vapour pressure (P ), kPa

IR

) //
/

0 10 20

is|the partial water vapour pressure in the

bol enclosure, in kilopascals;

is| the air speed at the pool water surfacg,

typically 0,02 m/s to 0,05 m/s.

Partial watern

vapour pressure (P,) can be \salculated

from the relgtive humidity (RH) by:

water temperature (1), °C

Figure A.1 — Variation of saturation vapour pressure with water temperature

30 40 50

incfease by 25 % to 50 %. With 20 to 25 swinj
per 100 m?, the evaporation rate may be 70
100 % higher than for a still pool.

A.3 Radiation heat loss

Radiation heat loss g, expressed in megajouls
square metre per day, may be calculated by n
of the following simplified equation:

mers
% to

s per
heans

P, k RH _ 24 x 3600 B
P, = —S_IOO ...(A3) r= 106 Ew U(T\l/lv T:)
where P, is {he saturation Water vapour pressure, ex- = 0,086¢,A(T,, = T5) (A.5)
pressed in kllopascals at air temperature t,, obtained
from figure A.1 or frord gquation (A.4) with Py = P, for where
fa =t e, Iis the longwave emissivity of |water
P, = 0,004 516 + 0,000 717 8 ¢, — =0,95;
(2,649 x 10~ 6) t\,zV + (6,944 x 10~ 7) tv3v L (AD o is the Stefan-Boltzmann constant, equal to
5,67 x 107 8 W/(m%K*;
If the water vapour content of the air is expressed in . . . _
terms of wet bulb temperature, the relative humidity k. s the radiation heat transfer coefficient, in
may be evaluated using figure A.2. watts , per square metre per kelvin
[W/(m*:K)] (see Note 5);
A.2.3 Allowance for pool use T, is the water temperature, in degrees
. . A Kelvin;
The presence of swimmers in a pool will significantly
increase the evaporation rate. With five swimmers per T, is the sky temperature, in degrees Kelvin
100 m?, the evaporation rate has been observed to (see Note 6).
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Figure A.2 — Conversion of wet bulb temiperature to relative humidity
NOTES A.4 Convection heat loss

5 Thelradiation heat transfer coefficient, k, may\be calcu-
lated by:

h o+ o (T2 + T2XT,, + Ty)
T, +T. \°
~ 2,268><10_7)(W—2—3)

or detefmined graphically using/figure A.3.

Heat loss due to convection to ambient air ¢, ex-
pressed in megajoules per square mefre per day,
[MJ/(m? - d)], (for an enclosed pool, the [room air) is
given in AS 3634l4] as:

_ 24 x 3600

. e @1 +41v) (@, —1)

=0,086 (3,1 +4,1v) (t, — 1) ... (A.B)
6 Forfan indoor pool
where
Ts + Tonc
where [T, Jissthe temperature, in degrees Kelvin, of the v 'St tg% WlndbveIOCItyt,dln metrels per seconhd,
walls of thé\pool enclosure. at U,o m above QU 00r pools|or over the
pool surface for indoor pools;
For an outdoor pool
Ly is the water temperature, in degrees
=T Celsius;
where sky emissivity, g, is a function of dew-point tem- t, is the air temperature, in degrees Celsius.

perature, 1y, (see I1SO 9806-3):
g5 = 0,711 + 0,56 (15,/100) + 0,73 (14,/100)°

Note that T, may vary from T, ~ T, for cloudy skies to
T, ~ T, — 20 for clear skies. '

The convective heat transfer is highly wind-
dependent. There will be times, particularly during
summer, when this loss will be negative for outdoor
pools and the pool will gain heat by convection from
the air.

21


https://standardsiso.com/api/?name=82d08658ae7d20edb478e62ed6092903

