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FOREWORD

This Malaysian Standard was prepared by the Working Group on Solar Water Heater under the

authority of the Building and Civil Engineering Industry Standards Committee.

This standard specifies requirements for the design and construction of solar hot water supply

systems for household premises, commercial and industrial installations for systems with

volumetric stroage capacity not exceeding 700 litres. It does not include hot water supply for

space heating, swimming pool heating and for large buildings.

In the preparation of this standard, Close reference was made to AS 2712 : 1984 ‘Solar Water

Heaters Design and Construction’

(vi)
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SPECIFICATION FOR DOMESTIC SOLAR WATER HEATER

SECTION ONE: SCOPE AND GENERAL REQUIREMENTS

1.1 Scope

This standard specifies requirements for the design and construction of solar hot water
supply systems for household premises and for commercial and industrial installations
comparable with household installations, intended to deliver potable water of acceptable
quality.

It is intended to cover types of systems with volumetric storage capacity up to and
including 700 L.

The standard does not apply to solar hot water supply systems for space heating,
swimming pool heating or for large buildings such as multiple dwelling buildings.

NOTE 1. The requirements of this standard are based on systems with fixed solar orientation and inclination,
but they may be applied to tracking systems. Further requirements for tracking systems will be included in
the standard at a later date.

NOTE 2. Rules for the installation of household type solar hot water supply systems are given in AS 2002.

1.2 Application

This standard is applicable to the following types of solar hot water supply systems:

(a) solar collector with remote hot water container systems - both components supplied
as a complementary and rated system and with primary circuit piping arranged to
suit site conditions.

(b) Close-coupled or integral unit systems.

The primary water circuit flow between the collector and the container may be either
thermosiphon or forced circulation for the type described in (a) above. Supplementary
water heating may be incorporated in the solar water heater system and may be either
integral with the solar water heater or remote from it.

Clauses 1.5, 1.12, 2.1, 2.2 and 5.1.1(e) are not applicable to solar water heaters which
do not have any supplementary heating, as is the case with solar preheaters.
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1.3 Definitions

For the purpose of this standard, the following definitions apply:

1.3.1 Absorber

A device within a collector for absorbing radiant energy and transferring this energy as
heat into a fluid.

1.3.2 Casing

1.3.2.1 Collector casing

The assembly enclosin~the absorber and the thermal insulation and holding the

collector cover.

1.3.2.2 Container casing

The jacket enclosing the container and its thermal insulation.

1.3.3 Class A operation

A mode of operation in which the delivery temperature at the hot outlet connection never
falls below 57°C under a specified load.

1.3.4 Class B operation

A mode of operation in which the delivery temperature at the hot outlet connection never
falls below 45°C under a specified load.

1.3.5 Collector

A device containing an absorber. Collectors may be provided either singly or as
multiple units supplying to a common container.

1.3.6 Collector aperture

The net area available for transmission of solar radiation through the outer air/cover
interface.

1.3.7 Container

The vessel, including fittings, in which the heated water is stored; sometimes referred
to as a storage container, cylinder or tank.

1.3.8 Displacement water heater

A water heater in which cold water is fed into the container at or near the bottom,

displacing the hot water as it is drawn off at, or near, the top.

2
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1.3.9 Shell

The container excluding all detachable fittings.

1.3.10 Solar water heater (household)

A system normally consisting of a collector and a container which may be integral, close
coupled or remote, and which heats water by means of radiant energy from the sun.
It is normal for solar water heaters to be either fitted with or connected to a
supplementary heating source.

1.3.11 Solar preheater

A solar water heater not containing a means of supplementary heating and installed to
preheat the cold water supply prior to its entry into any other type of household water
heater.

1.3.12 Stagnation temperature

The steady state temperature regime at any specified location in a solar water heater
in a specified environment when no energy is being extracted from the heater.

1.3.13 Supplementary heating unit

A heating unit for supplying supplementary energy, together with its thermal insulation,

supports and immediate enclosure.

1,3.14 Unvented solar water heater

A solar water heater in which no provision is made for a vent permanently open to the

atmosphere.

1.3.15 Vented solar water heater

A soJar water heater in which provision is made for a vent permanently open to the

atmosphere.

1.3.16 Volumetric storage capacity of container

The total volume of water, in litres, which may be held in the container.

1.3.17 Approving authority

A statutory bodyiagency having power under may written low to grant approval.
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1.4 Compliance with other specifications

1.4.1 Electrical safety requirements

In addition to complying with this standard, solar water heaters with electric

supplementary heating are subject to the approval of Jabatan Bekalan Elektrik (JBE).
1.4.2 Gas approval requirements

It should be noted that water heaters incorporating gas heating are subject to the
approval requirements of the relevant Approving Authority.

1.4.3 Watef approval requirements

Water heaters are also subject to the approval requirements of the relevant water

Approving Authority.

1.5 System performance

NOTE. It is proposed that, when a standard test for the performance of solar water heaters has been

finalized, a requirement for system performance will be induded in this standard.

1.6 Facilities for maintenance

The design of the solarwater heater system shall be such as will facilitate maintenance.

Similar parts of solar water heaters of the same make, model, and size shall be
interchangeable and, as far as practicable, shall be so manufactured and located as to
be capable of easy replacement without the necessity for individual fitting or adjustment.

Where the solar water heater includes, or makes provision for one or more

supplementary heating units, thermostats or over-temperature protective devices,

adequate clearance from their housing shall be provided so that they may be withdrawn

easily, when the unit is installed in accordance with the manufacturer’s instructions.

It is recommended that thermostats and over-temperature protective devices should be

capable of removal without the need to drain off the water.

1.7 Cleanliness in manufacture

None of the materials, including residual lubricants, solvents and fluxes, used in the
fabrication of water heaters shall impart to the water traces of compounds in excess of
those recommended by the World Health Organization International Standards for
Drinking Water.
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1.8 Water fittings

Water fittings shall comply with the requirements of .Jabatan Kerja Raya Specification.

1.9 Water pipes

Water pipes shall comply with the requirements of JKR Specification.

Additionally, for solar water heaters intended to be mounted outdoors or in any way
exposed to the weather, a weather resistant seal shall be used where any pipes pass
through the container or collector casing.

1.10 Pressure and temperature relief valves

All unvented solar water heaters shall be fitted with means of temperature protection
and pressure relief as required by paragraphs (a) and (b) below.

(a) The thermal discharge rating of the valve shall not less than the total output power
of the collectors at 99°C and 1200 W/m2 and 40°C effective ambient, plus any
supplementary heater.

Where the supplementary heater is a separate unit connected as a circular to the
container, any thermal relief device filled to the supplementary heater shall not be
considered as providing protection for the container.

NOTE. Supplementary heaters may be booster heaters

(b)(i) Unless otherwise required by the Approving Authority unvented systems shall be

provided with a pressure relief valve (expansion relief valve) having provision for

manual operation, for fitting to the cold water supply to the system at a location
as low as feasible for the container installation and separated from the container
by at least 1 m of uninsulated pipe. The pressure setting differential between
the cold water pressure relief valve and the hot water pressure relief valve shall
be as required by the Approving Authority. The pressure setting of the cold relief
valve shall be lower than that of the hot water relief valve.

(ii) When solar water heating systems are connected to direct mains, the cold water
feed pipe line should have line strainer, non-return valve and pressure relief
valve. This may be of the combination type incorporating all the above valves

and fittings.

Where a solar water heaters is intended for use as a preheater in series with an
unvented automatic storage water heater, the pressure and temperature relief
device(s) on the automatic storage water heater shall not be considered as a
means of providing relief for the solar water heater component & the system,

and the solar water heater shall be fitted with means of temperature and

pressure protection as specified above.
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1.11 Over-temperature protective device

(a) Electric supplementary heating

An over-temperature protective device shall comply with JBE requirements and
the method of attachment of a surface-contact type device shall comply with the
requirements of clause 2.2.3.

1.12 Heat exchanger units

Where a heat exchanger unit is incorporated in the solar water heater system, it shall
comply with requirements of the relevant Approving Authority.

NOTE. Specific requirements for solar water heaters incorporating heat exchange units are being prepared
and will be included in a future revision of this standard. These heat exchange units are those where a heat
exchange fluid is circulated through the collectors and the potable water is heated by heat transfer from this

fluid through a heat exchange surface.

1.13. Fittings in contact with water

Fittings in contact with water shall be galvanically compatible with the shell surface in
contact with water, i.e. for a single shell, the shell material, or for a composite shell,
the protective lining.

Fittings on vitreous enamel lined shells shall be lined with vitreous enamel or other

suitable non-metallic materials in areas exposed for freely circulating water.

In addition, the leading edges of metallic components inserted into fittings shall be
masked with a suitable non-metallic hot water-resistant material to minimize depletion
of anode(s). Any plastics material used to mask a temperature/pressure relief valve
shall be structurally stable up to 115°C.

Fittings made from copper alloys and in contact with water shall be resistant to

dezincification to stress corrosion cracking.

6
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SECTION TWO: SUPPLEMENTARY ENERGY REQUIREMENTS

2.1 Supplementary heating unit

Where the solar water heater incorporates a supplementary heating unit, the unit shall
comply with the following requirements:

(a) Electric heating units

Electric heating units shall comply with the requirements of AS 1056.

(b) Gas heating units

Gas heating units shall comply with the requirements of the appropriate

Approving Authority.

2.2 Thermostat

2.2.1 Systems with electric supplementary heating

Thermostats, including those incorporated in multiple function devices, shall comply
with AS 1308.

Where a solarwater heater is not fitted with an overtemperature protective device, the
thermostat shall be connected between the active terminal and the element it controls.

2.2.2 Systems with gas supplementary heating

Gas controls shall meet the requirements of the appropriate Approving Authority.

2.2.3 Immersed-probe thermostats and surface-contact thermostats

It shall comply with the requirements of AS 1056.

2.2.4 Settings

Where the thermostat setting is fixed or sealed by the manufacturer, it shall be such
that, when the system is subjected to the non-solar test set out in MS , the
usable hot water fraction shall be of a suitably high value.

NOTE. This requirement does not take effect until such time as MS — has been finalized and at that
stage a requirement for non-solar performance will be included in a future revision of this standard.

Where the thermostat setting is adjustable by the user, the minimum setting which will
provide the claimed class of operation shall be stated in the user instructions (see
Clause 5.2).

7
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SECTION THREE: CONTAINER

3.1 Shell

3.1.1 Requirements

Shells shall comply with the following requirements:

(a) Single shells shall comply with the requirements of Appendix C of this standard.

(b) Composite shells shall comply with the requirements of Appendix D of this
standard.

3.1.2 Fixing of electric heating units to shell

The shells of solar water heaters with e!ectilc supplementary heating shalt provide
facilities for fixing the heating units in accordance with the requirements of AS 1056.

3.1.3 Fittings

All non-ferrous metal surfaces in contact with the contents of the container shall be
either electrically insulated from container walls or shall be covered on the surface of
the fitting and for a distance of at least one diameter down the fitting, to protect
against anodic reaction (see also Paragraph D4.3.1 of Appendix D).

3.2 Sacrificial anodes

Sacrificial anodes shall be provided in accordance with the requirements of AS 1056.

3.3 Thermal insulation of the container

Thermal insulation shall be applied to the container in accordance with the following
requirements:

(a) The insulation material shall be such that it will not deteriorate in service or
become depressed and leave uninsulated voids during transportation or

installation, or cause corrosion of any part of the solar water heater with which
it is in contact.

(b) The insulation shall be placed and contained so that its efficiency is maintained,

contact with wiring terminations or temperature controls is prevented and attack
by vermin i~deterred.

NOTE. Requirements for the insulation, in terms of heat loss, are not included in this standard as the

development of performance tests will allow inadequate insulation to be identified by the poor performance
of a system when tested.

8
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3.4 Casing

The container casing shall comply with the requirements of AS 1056.

3.5 Attached feed tank

Attached feed tanks shall comply with the requirements of AS 1056.

3.6 Drain hole

For containers using material other than foamed in-situ polyurethane foam as thermal
insulation, a drain hole of 10 mm diameter, or equivalent area, should be provided in
the bottom of the casing.

3.7 Protection against ingress of water

Where intended for use out doors or where it will be exposed to the weather, the
casing shall be weather resistant and shall not allow the entry of rain to the thermal
insulation. In addition, the casing shall comply with the following requirements:

(a) The casings of solar water heater containers with electric supplementary heating
and of the pump where appropriate, shall provide a degree of protection against
the ingress of water so as to comply with the requirements of classification
IPX6D in accordance with AS 1939.

(b) The casings of solar water heaters with gas supplementary heating shall provide
protection against the ingress of water so that rain does not affect the normal
operation of the heater.

NOTE. compliance with the requirements for rain resistance of outdoor water heaters contained in AG 102
may be a suitable means of complying with Item (b) above.

9
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SECTION FOUR: COLLECTORS

4.1 Materials

4.1.1 Absorber

Where the absorber material is in contact with water, it shall be compatible with other
materials in the collector unit so that accelerated chemical degradation does not take
place. Where fabricated from a copper alloy, the absorber shall be resistant to the
effects of dezincification and stress corrosion cracking.

NOTES 1. The material used should have a surface having the property of high absorptance to solar
radiation. A low thermal emittance may also be desirable ahd may be achieved by a selective surface
treatment.

NOTE 2. Requirements for painted absorber surfaces are set out in Clause 4.4.

4.1.2 Absorber tubing

Where the fluid ways of the absorber are formed from tubing, as opposed to being
formed integrally with the absorber plate, the tubing shall be one of the following:

(a) Copper tubing complying with the relevant requirements of AS 1432 for at least
Type C tube.

(b) Stainless steel tubing complying with the relevant requirements of AS 1769 or
fabricated from stainless steel Grade AS 1449/316 or Grade AS 1449 444.

(c) Tubing of other materials approved by the Approving Authority concerned
provided that such tubing is not inferior under the conditions of use, to that

specified in (a) and (b).

NOTE. Where solar water heaters are intended to be suitable for use with water having a high chloride con-
centration, special attention should be given to the materials used.

4.1.3 Thermal insulation of collector

Thermal insulation shall comply with Clause 3.3 and the following additional

requirements:

(a) It shall not degrade or outgas when subject to the temperature reached by the
absorber under stagnation conditions, i.e. high solar irradiance, no hot water
draw-off and high ambient air temperature.

(b) Where the design of the collector unit is such that insulating material will be
exposed to sunlight under operating conditions, it shall not be degraded by

ultraviolet radiation.

10
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4.1.4 Collector casing

The collector casing shall be fabricated from either -

(a) metal having corrosion-resistant properties under the conditions of use not
inferior to those of hot dip zinc-coated steel sheet; or

(b) any material suitable for the purpose which is a material approved in Building
Regulations for use as external cladding or roof covering of buildings.

4.1.5 Glazing material

The collector external glazing material shall be glass or rigid transparent plastics.

When exposed to 2600 h of accelerated weathering in a weather simulation chamber
(Xenon Arc Weatherometer) operated in accordance with ASTM G 26, using a black
panel temperature of 70°C and a cycle of 102 mm. of light followed by 18 mm. of light
and spray together, plastics glazing material shall meet the following criteria:

(a) There shall be no appearance to the naked eye of cracking or crazing.

(b) The optical transmittance of plastics glazing material, measured in accordance
with ASTM E 424 shall not decrease by more than 10 percent as a result of the
exposure.

(c) Neither the tensile strength nor the eIon~ationof plastics glazing material, shall
decrease by more than 20 percent as a result of the exposure when tested in
accordance with MS 1152, Methods of Test for Tensile Properties of Plastic
films.

4.2 Riser and header pipes

Riser and header pipes shall be in accordance with Clause 1.9.

4.3 Bonding of absorber tubing

Where the fluid ways of the absorber are formed from tubing as opposed to being
formed integrally with the absorber plate, the tubing shall be permanently and firmly
bonded to the absorber plate. The bond between the tubing and the absorber plate
shall be capable of withstanding the stagnation temperature of the absorber without
any degradation.

11
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4.4 Painted absorber surfaces

For a painted absorber surface, the adhesion of the paint coating shall comply to MS
133:Pt. E6.

4.5 Glazing of collectors

For a glazed collector, the glazing material shall be securely fastened and sealed with
a moisture and heat sealing gasket which makes provision for thermal expansion and
contraction of the glazing material and the collector.

The surface dimensions and thickness of any glass used for glazing collectors shaH
comply with the relevant requirements of Section 3 of Part I of AS 1288, for any
location at which it is intended that the collector may be installed.

4.6 Resistance to stagnation conditions

When tested in accordance with Appendix A, collectors shall meet the following
criteria:

(a) There shall be no appearance to the naked eye of catastrophic or partial

structural failure of the collector, or sagging of the collector cover.

(b) There shall be no failure likely to impair the serviceability or durability of the
collector.

(c) There shall be no evidence of any burning or scorching of any part of the
collector.

(d) The absolute change in the thermal performance of the collector, at a single test
point, shall be not more than 15 percent.

4.7 Protection against ingress of water

When collectors are tested in accordance with Appendix B, there shall be no
measurable increase in the mass of the collector in each of three consecutive tests
within the limits of accuracy of the measuring equipment.

NOTE. The water ingress test is performed after the stagnation test described in Appendix A.

4.8 Drainholes

Where provided, drain holes shall be located at the lowest point of the collector
casing.

12
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4.9 Air vent

Means shall be provided by the manufacturer to eliminate air from the system.

Where the system is installed so that the pipes connecting the collector and the
storage container rise in a continuous gradient between the header and the storage
container, this arrangement shall be accepted as complying with this clause.

4.10 Structural strength

The collector as a fully assembled and finished unit shall withstand without leakage,
damage or undue permanent distortion, a force equal to 50 percent of its gross mass
when charged with water, applied vertically both upward and downward at any one of
its corners with the other three corners rigidly fastened in a horizontal plane.

13



MS 1367 :1994

SECTION FIVE: MARKING AND INSTRUCTIONS

5.1 Marking

5.1.1 Container

The following information shall be clearly and indelibly marked either on the nameplate

or on the container casing itself, adjacent to the nameplate:

(a) The manufacturer’s name and model reference number.

(b) The date of manufacture, e.g. 3/81 for March 1981.

(c) Description of container.

(d) For unvented heaters, the maximum water supply fressure, in kilopascals (kPa).

(e) Manufacturer’s nominated thermostat setting.

(fl The volumetric storage capacity of the container, in litres.

5.1.2 Collector

The following information shall be clearly and indelibly marked either on the nameplate

or on the collector casing itself, adjacent to the nameplate:

(a) The manufacturer’s name and model reference number.

(b) The date of manufacture, e.g. 3 I 81 for March 1981.

(c) The collector rated output determined in accordance with AS 2535, in the case

of flat plate collectors.

5.2 Installation instructions

The manufacturer shall supply with each solar water heater the following:

(a) A diagram and clear instructions in the English language giving details of the
methods of connection and installation including:

(i) A statement to the effect that the water heater should be installed in
accordance with the requirements of this standard.

(ii) An outline of the practices which should be followed to provide for the
draining of the container, the expansion of water during heating, and the
relief of partial vacuum.

14
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SECTION SIX: TESTING

6.1 Routine testing

A shell for operation at a head not exceeding 19.6 kPa (2mH,O) shall be tested at a
pressure not less than 20 kPa during which th ends of the shell may be restrained in
order to avoid distortion. Other shells shall be tested at a pressure not less than the
maximum working pressure.

6.2 Type testing

6.2.1 List of type tests

Type tests shall consist of the following tests:

(a) Hydrostatic pressure test (see Clause 6.2.3).

(b) Pressure fatigue test on unvented water heaters (see Clause 6.2.4).

(c) Torque test on fittings (see Clause 6.2.5).

(d) Tests of physical properties of shells and linings (see Clause 6.2.6).

(e) Stagnation test (see Clause 4.6).

(I) Structural strength of collector (see Clause 4.10).

(g) Protection against ingress of water (see Clauses 3.7 and 4.7).

6.2.2 Test sample(s)

The sample(s) shall be selected at the manufacturer’s works by the accredited officer
of the purchaser or the testing authority. Modifications to facilitate testing may be
made by the testing authority.

Two samples of unvented containers shall be provided, one for the hydrostatic
pressure test (Clause 6.23). the other for the pressure fatigue test (Clause 6.2.4).

6.2.3 Hydrostatic pressure test

The solar water heater shall withstand the hydrostatic pressure test prescribed in AS
3142. For systems embodying composite shell containers with metallic inserts, the
sealable openings in the container shell shall be left open and shall not leak (see
Paragraph D3.4).

16
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(Vi) A statement of the necessity for providing a properly drained safe-tray under
heaters or feed tanks located where overflow may cause damage.

(iv) A statement (where applicable) that the solar water heater has a container
of non-metallic material and that the method of fixing the fillings to the
casing must not be interfered with, nor should excessive strain be applied
to these fittings when the external connections are made.

(v) A statement of any limitations on the suitability of the solar water heater for
use with water of specified poor quality, and any need for water softening
treatment.

(b) The mass of the system, or its major component parts, when filled with water.

(c) The procedure to be followed to place the solar water heater in service and to
ensure that it is adequately filled with water.

(d) Details of the setting of any adjustable thermostat, so that waterwill be provided
at not less than a specified temperature.

5.3 Maintenance instructions
The manufacturer shall supply with each solar water heater details of any maintenance

procedures to be followed by the householder.

The maintenance instructions shall include the following:

(a) Instructions for operating the valve easing gear on pressure/temperature relief

valves.

(b) A recommendation that the pressure/temperature relief valve should be replaced

at intervals not exceeding 5 years.

(c) Procedures for cleaning the collector glazing, if appropriate.

(d) A warning regarding the hazards of replacing the glazing of collectors in situ on

a roof.

(e) Instructions for draining and flushing the container and collectors, and the
appropriate interval at which this should be carried out:

NOTE. The interval should not exceed 5 years.

15
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6.2.4 Pressure fatigue test on unvented systems

6.2.4.1 Sample

The test sample submitted to this test shall not have been submitted to the hydrostatic

pressure test (see Clause 6.2.3).

6.2.4.2 Requirement

The requirements set out for containers in AS 1056 shall apply to solar hot water
supply systems.

6.2.4.3 Support of system

Unless otherwise approved by the testing authority, the system submitted for pressure
fatigue test shall be supported in the normal manner and provision shall be made in
the casings to facilitate the detection of leaks.

6.2.5 Torque test on fittings.

6.2.5.1 Test sample

For solarwater heaters foroperation at ahead exceeding 19.6 kPa (2mH20),the torque
test shall be performed on the unit that was subjected to the hydrostatic pressure test
(see Clause 6.2.3).

6.2.5.2 Requirement

Solarwater heaters and water fittings on both container and collectors shall withstand
without apparent distortion a torque of 34 N.m applied at the end of each water fitting.

Care shall be taken that the fitting is not crushed during this test.

For solar water heaters having non-metallic single shell containers or non-metallic
collectors, each water connection shall be undone after the torque test and there shall
have been no movement between the connections and the container or collector as
a result of this test.

6.2.6 Tests of physical properties of shells and linings

After completion of relevant mechanical tests (see Clause 6.2.4), the shell so tested
shall be cut, using mechanical means, into at least four segments for inspection and
testing of thickness and jointing of shells, and ~f vitreous enamel linings. (See

Appendices C and D).
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Appendix A

Stagnation test for collectors

Al. Scope

This appendix sets out a method for assessing the ability of a collector to withstand
temperatures close to the maximum temperatures that it will encounter during its
service life. Such temperatures occur during periods of no useful heat removal

from the collector with high solar radiation and ambient temperatures.

A2. Apparatus

NOTE. Either of the two methods set out below may be used, but it should be noted that method I is
not suitable for use with collectors with heat pipes.

A2.1 Method I

(Not for use with collectors with heat pipes). The following apparatus is required
(see also Fig. Al):

(a) A pumped heat transfer loop using a heat transfer oil, the collector forming
part of the loop.

(b) A stand on which the collector will face normal to the direct beam solar
radiation al solar noon. (A suitable stand is described in AS 2535).

(c) Thermometers or temperature measuring devices to measure the temperature

of any critical materials or heat sensitive components during the test.

A2.2 Method 2

The following apparatus is required:

(a) A solar simulator of suitable size.

(b)’ A temperature controlled chamber in which the collector may be placed when

exposed to the simulator.

(c) Thermometers or temperature measuring devices to measure the temperature

of any critical materials or heat sensitive components during the test.
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A3. Procedure

A3.1 Method I

(Not for use with collectors with heat pipes). The procedure shall be as follows:

NOTE. In this procedure two approaches are made to determine the stagnation temperature, T, the

first approach is detailed in steps (a) and (b) and the second approach (which is a cross-check and
correction) in steps (c) and (d).

(a) Test the collector for thermal performance in accordance with AS 2535.

(b) From the constants supplied from step (a) calculate in accordance with the
formula below the stagnation temperature, T5 when

(i) the efficiency is zero;
(ii) the total global radiation is 1200 W/m2 and
(hi) the effective environmental temperature is 40°C. The stagnation

temperature T, is calculated as follows:

T -40+ -a÷(a2+4800~0b)’/22b

(Refer to AS 2535 for definition of terms. The values of the terms used in the

equation are obtained by testing in accordance with AS 2535).

(c) As a cross-check for the stagnation temperature, proceed as follows:

(i) Install the collector on the stand in accordance with the manufacturers
instructions and adjust its inclination to provide for maximum solar
irradiation. Ensure all the air has been bled out of the system.

(V) Measure the total global solar radiation, G, on the plane of the collector
and the ambient temperature, Ta. Adjust the temperature of the oil, T

4
,

entering the collector to

-a.(a2+4Gq 0b)’/2
2b

(iii) Measure the temperature difference, AT01, of oil flowing through the

collector. If there is a temperature rise, increase the oil temperature
entering the collector by 5°C or if there is a temperature drop, reduce the
oil temperature entering the collector by 5°C.
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(iv) Measure G, T~and the temperature difference across the collector. If
there is still a rise or drop repeat step (Vi). If the rise has become a drop
or vice-versa then the true stagnation temperature has been saddled.

(v) The correction to be applied to the predicted stagnation, T5, is shown in

Fig. A2.

(d) Adjust the oil temperature to T, + correction obtained in step (c).

(e) Adjust the flow rate through the collector such that either-

(i) it is the maximum which can be provided by the pump, or the resulting
inlet pressure to the collector is the maximum permissible for the
absorber plate, whichever is the lower rate; or

(V) the inlet and outlet temperatures are within 0.5°C of the stagnation temp-
erature calculated in step (b);

when the heat-transfer oil entering the collector is at the calculated stagnation
temperature.

(f) Run the system at this flow rate and temperature for 12 h and then turn the
pump off for 12 h. Continue this cycle of operation for 10 days. Ensure that
the heattransfer oil is at the calculated stagnation temperature prior to
commencement of each cycle of operation.

(g) Visually inspect the collector daily and note any changes in its appearance.

(h) Terminate the test after 10 days or when there is evidence of structural or
materials deterioration which would impair the operation of the collector,
whichever is sooner.

(j) Carry out a test of the thermal performance of the collector in accordance
with AS 2535. at a single test point, using the middle range of (T~- T0)I GT
(see Table 1 of AS 2535). Compare the results of this test with those

obtained in step (a).

A3.2 Method 2

The procedure shall be as follows:

(a) Install the collector on the stand in the temperature controlled chamber and
adjust its inclination so that it receives normal incidence radiation from the
solar simulator. Ensure all the air has been bled out of the system.

(b) Ensure that the collector is full of oil, It is not necessary to have any oil flow
through the collector for this test method.

(c) Ensure that the temperature of the controlled chamber is at 40 ± 1°C.
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(d) Adjust the solar simulator output so that the radiation failing on the collector is
1200 W/m2.

(e) Run the system at this temperature with the simulator being operated 12 h on
and 12 h off for 10 days.

(f) As for Paragraph A3.1, steps g, h and j.

A4. Reporting of results

The following results shall be reported:

(a) The make and model identification of the system of which the collector forms

a part.

(b) Full details of the temperature measurements and the dates and duration of

the test.

(c) Details of the condition of the collector following the test with particular regard

to-

(i) any structural failure;

(ii) any burning, scorching or heat shrinkage;

(Vi) any effect likely to impair the serviceability of the collector; and

(iv) any degradation in performance as a result of the test.
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Figure Al. Schematic of apparatus to measure effects of
prolonged stagnation temperature
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Appendix B

Test for water ingress and retention in collectors

BI. Scope

This Appendix sets out a method for assessing the extent of water ingress and
retention in solar collectors.

B2. Apparatus

The following apparatus is required:

(a) A suitable stand on which the Collector may be mounted at the minimum
inclination recommended by the manufacturer. The stand shall incorporate a
plane of corrugated iron upon which the collector is mounted, to provide an
approximation of a typical roof surface. The corrugated iron shall extend at
least 250 mm beyond the edges of the collector.

(b) Means of determining the mass of the collector, accurate to 0.04 kg.

(c) Six spray heads of the type illustrated in Fig. El, arranged as illustrated in
Fig B2.

NOTE The spray heads required areas specified in the rain tests in AG 102 and ANSI! UL4-41.
Moulded nylon rain spray heads complying with this requirement are available from under writers

Laboratories Inc. In the U S A -

The spray heads shall be directed towards the edge of the upper face of the
collector.

The spray from four heads shall be directed downwards at an angle of 30 degrees
above the plane of the collector, towards the four corners of the collector. Spray
from the remaining two heads shall be directed downwards at an angle of 10
degrees above the collector plane, towards the centre of each of the two longer
sides of the collector The spray heads shall be located at a distance of 250 mm
from the corners and sides of the collector.

(d) A supply of water at nominally ambient temperature, at a pressure of 300 ±

30 kPa at each of the spray heads,
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63. Procedure

The test shall be carried out on a collector that has previously been subjected to

the stagnation test described in Appendix A. The procedure shall be as follows:

(a) Seal any connections for inlet or outlet pipes, or valves, that would not be
open in a normal installation. Drain holes, if any, are to be left open.

(b) Determine and record the mass of the collector in a dry condition (with no

water either in the headers or fluid ways, or remaining within the casing from
previous tests) (ml ).

(c) Mount the collector on the stand in accordance with the manufacturer~s
instructions, and at the minimum angle of inclination recommended by the
manufacturer, and align the six spray nozzles in accordance with Paragraph
82(c) above.

(d) Spray the collector with jets of water from the nozzles for a period of 10 mm.

(e) Shade the collector with an opaque cover and allow the collector to drain in
situ for a period of 4 h. After this period seal any drain holes or other
openings, and wipe dry any water remaining on the outer surface of the
collector. -

(f) Determine and record the mass of the collector (m2). Then remo’~~eany seals
applied in step (e) and determine their mass. Deduct the mass of any seals
from m2 to give the net collector mass (m3).

(g) Repeat steps (a) to (f) at least twice and determine in three consecutive tests
whether it is possible to obtain no measurable increase in the mass of the
collector, due to water accumulation. Consecutive tests need not be carried
out on the same day.

64. Reporting of results

The following results shall be reported:

(a) The increase in mass (m3 - m1) of the collector in each test carried out.

(b) Whether, on three consecutive tests, the increase was within the limits of

accuracy of the measuring equipment.
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(a) Assembly

Three square section slots
W wide x C deep x 120
60 helix, leading
tangent to radial holes

a MouWed nylon ratn’tesl spraY
b Optional—to serve as wrench grip.

Item mm Item mm

A 31.0 N 0.80
8 11.0 P 14.61
C 14.0 14.63

0 14.68
14.73

0 11.51

11.53

E 040 R ~6.35

F b S 0.60

C 1.52 I’ 2.79
H øs.o u ~2.49

J 18.3 V 16.0
K 3.97 W 1.52
L 6.35

M 2.38

heads are available from laboratories.

Figure 61. Rain test spray head

Hexagon bar stock F

B tapered
—AS 1727.2

fbi Body

to depth

for throat

round

Cc) Enlarged detail of insert
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Figure B2. Arrangement of spray heads
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250

All

Collector at minimum
angle recommended by
manufacturer.

Water at 300 kPa.

Nozzles inclined to plane
of collector at angles shown.
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Appendix C

Specific requirements for solar water heaters with single shells

Cl. Scope

This appendix specifies requirements for single shells made from the following:

(a) Plastics (for operation at a head not exceeding 19.6 kPa (2 mH2O)).
(b) Non-ferrous metals

(c) Stainless steel

C2. Referenced documents

The following standards are referred to in this appendix:

AS 1056 Automatic electric stroage water heaters with hot water deliveries

ranging from 25 litres to 630 litres

AS 1279 Copper refinery shapes

AS 1449 Wrought alloy steels - Stainless and heat-resisting steel plate, sheet
and strip

AS 1566 Copper and copper alloy plate, rolled bar, sheet, strip and foil for
general engineering purposes

AS 2038 Methods for detecting the susceptibility of austenitic stainless steels
to intergranular corrosion

BS 2782 Methods of testing plastics
Part 3 - Mechanical properties
Part 5 - Optical and colour properties

ASTM Practices for detecting susceptibility to intergranular attack in
A 262-81 austenitic stainless steels - Practice A, oxalic acid etch test

ASTM Recommended practice for cleaning and
A 380-78 descaling stainless steel parts, equipment, and systems

ASTM Test methods for fiexural properties of plastics and
o 790 electrical insulating materials

ASTM Test method for flow rates of therrnoplastics by extrusion
0 1238 plastometer

ASTM Test methods for tensile. compressive and flexural creep
D 2990 and creep-rupture of plastics.
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C3. Plastic shells

(For operation at a head not exceeding 19.6 kPa (2 mH2O)).

C3.1 Material

C3.1.1 Basic properties

The material of plastics shell shall be impervious to water and non-toxic, and not

impart and odour or taste to the water.

C3.1 .2 Polypropylene

Polypropylene, wether containing regrind or not, shall have the following properties:

(a) Flow rate (melt index) .... 0.5 gf10 mm to 1.5 g/10 mm as determined in
accordance with Condition L in Clause 7.2 of ASTM D 1238.

(b) Density 0.90 g/cm3 to 0.91 g/cm3 as determined in accordance with
Method 509A of BS 2782.

(c) Flexural modulus Greater than 1000 MPa as determined in accordance
with ASTM D 790.

(d) Impact strength Greater than 2.4 J/12.7 mm at 23°C as determined in
accordance with Method 306A of 65 2782 using test specimen C (6.35 mm
wide) and multiplying the actual energy absorbed by 2.

(e) Creep resistance Less than 2 percent creep strain under constant stress
of 2 7 MPa (1000 h at 50°C) as determined in accordance with ASTM D
2990

(f) Resistance to degradation When tested in accordance with Appendix G of
AS 1056, the depth of degradation shall not exceed-

(i) at 120°C 0.15 mm; and

(ii) at 140°C 0.28 mm.

NOTE For adequate resistance to hot water, as special grade of polypropylene is required. it must

possess particular properties and contain the right type and concentration of thermal stabilizer.

The particular material used in a shell shall not differ from that specified above in
respect of the following parameters:

(i) Formulation of material.
(ii) Quantity of regrind material used.
(Hi) Method of manufacture (moulded, formed, cast, etc).
(iv) Processing temperatures.
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C3.2 Construction
The shell shall not be joined below the maximum water level. Hot welding shall not

be used to make the shell.

NOTE. Self-welding inherent in the moulding process is not considered to be hot welding.

The thickness of the shell shall be not less than 3.0 mm. No internal radius below

the maximum water level shall be less than 10 mm.

C3.3 Prohibited materials

Copper and copper alloys shall not be in contact with polypropylene shell material.

NOTE. The means of separation between copper or copper alloy and polypropylene should be irnperm-

eabie to water and compatible with polypropylene and with the copper or copper ahoy.

c3.4 Attachment of fittings

Any suitable means may be used for the attachment of fittings to a container
provided that the resultant assembly withstands the torque test (see Clause 6.2.5)
without movement of any non-detachable fitting with respect to the container.

c3.5 Watertightness

When tested with water at a pressure of 20 kPa. the shell shall not leak.

NOTE During this test the ends of the shell may be restrained to avoid distortion.

C4. Non-ferrous shells

C4.1 Materials

The shell shall be made from one of the following materials complying with AS

1566
(a) Electrolytically refined tough pitch copper! CU-ETP (see also AS 1279) for

operation at a head not exceeding 19.6 kPa (2 mH2 0).

(b) Silicon bronze alloy A. 655A.

(c) 90/10 copper-nickel. 7066.

(d) Phosphorous deoxidized copper, high residual phosphorous, Cu-DHPt (see

also AS 1279)

Formerty designated 11 GA (see AS 1566)

tFormerty designated 122A (see AS 1566)
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Material Code Stress, MPa

Electrolytically refined tough pitch copper Cu-ETP (see Note)

Silicon bronze alloy A 655A 82

copper-nickel alloy 706B 103

Phosphorous deoxidized copper cu-DI-ip 45

NOTE. No stress is specified for CU-ETh.

The stresses, in megapascals, may be obtained from the following formulas:

Hoop.stress_~P~~_x1o-~
2tfl

Dome,stress- _~_~

1

o~
2tr1

where

p is the water pressure, in kilopascals

d is the diameter, in millimetres

r is the radius of dome, in millimetres

~ is the thickness, in rnfllimetres

q is the joint efficiency

�0.8

A shell for operation at a head exceeding 78.3 kPa (8 mH2O) shall have a

thickness of not less than 1.0 mm.

For CU-ETP shells, the thickness shall not be less than 0.50 mm.

C4.2 Thickness

When measured at 20 representative points on the walls and ends, the thickness of
the shell shall be such that the stresses at maximum working pressure do not
exceed the values specified in Table Cl.

Table Cl. Permissible stresses
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C4.3 Cleanliness

The removal of lubricating fluids with solvents should precede any welding or heat
treatment.

C4.4 Stress relief

Domed ends made from silicon bronze or copper-nickel shall be stress-relieved
after forming.

C4.5 Jointing

C4.5.l Methods

The permitted methods of jointing shall be as shown in Table C2.

C45.2 Lapping and brazing

The length of the lap shall be not less than nine times the thickness of the material
used. The brazing process shall ensure the complete penetration of the brazing
material through all joints.

C4.5.3 Welding

The welds shall be of a quality not inferior to that produced by the

inert-gas-shielded process.

Table C2. Permitted methods of jointing

Type of
joint

Joint
medium

Material
—

Cu-ETP Alloy 655A Alloy 7068 CU-Dhp

Lock seam

Soft solder P1 P1 P1 P1

Braze NP NP P2 P2

Lap
Braze (see Paragraph
c4.5.2)

NP NP PS

.

PS

Weld (see Paragraph

C4.5.3)
NP P3 P3 P3

Butt
Braze NP NP P1 P1

.

Weld (see Paragraph
C4.5.3)

NP PS PS PS

LegenD:

NP = Not permitted
P1 = Permitted for operation at a head c 19.5 kPa (2 mH

2
O)

P2 = Permitted for operation at a head � 78.3 kPa (8 mFI
2

O)
PS = Permitted without restriction on head.
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C4.6 Water tightness.

When tested with water at the following pressures, the shell shall not leak:

(a) For a shell for operation at a head not exceeding 19.6 kPa (2 mH2O)

20 kPa.
NOTE. During this test the ends of the shell may be restrained to avoid distortion.

(b) For other shells the maximum working pressure.

C5. Stainless steel shells

C5.l Material

The shell shall be made from one of the following grades of stainless steel
complying with AS 1449:

(a) AS 1449/316.

(b) AS 1449/444.

NOTE. Other grades may be considered for possible inclusion in this standard on production of

satisfactory evidence of long-term suitability for this purpose.

Fittings shall have corrosion resistance not inferior to that of the grades mentioned.

C5.2 Protection against corrosion

C5.2.1 External protection

Means shall be provided to prevent penetration of water (from fittings or from
outside) reaching the exterior of the shell.

C&2.2 Internal protection

The design shall ensure that, as far as practicable in operation, the shell remains
filled with water.

NOTE. This is necessary to avoid pitting and/or stress corrosion in areas of condensation or
evaporation above the water line.

C5.3 Freedom from crevices and re-entrants

There shall be no crevices which could accelerate corrosion in areas in contact

with the water. Flat gaskets used with elements shall be acceptable.
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C5.4 Cleanliness

NOTE. The manufacturer should note that organic matter including lubricant, dirt, fibres, etc. left on the
surface during welding operation, may cause an increase in the carbon content of the steel beyond safe
levels.

C5.5 Welding of fittings

There shall be no undercutting, crevices or obvious defects on the inside of fitting
welds. To ensure this, all fitting welds shall be visually examined from the water
side after welding. Liquid penetrant techniques may be necessary to ensure
reliability of these welds.

C5.6 Welding

Welding shall be subject to the following conditions:

(a) Longitudinal and circumferential welds shall be butt welds.

(b) Misalignment shall not exceed 10 percent of material thickness.

(c) After welding, there shall be no internal crevice, undercutting, weld cracks or
porosity. All internal weld surfaces shall be subjected to liquid-penetrant
checking for porosity. There shall be no failure.

(d) At no point in the weld area shall thickness be reduced below the plate
thickness.

(e) All welds shall be GMAW or GTAW type. Any filler metal shall be of the
same material as the shell material.

NOTE. GMAW (gas metal-arc welding) has sometimes been called MIG welding. Likewise GTAW (gas
tungsten arc welding) has sometimes been called TIG welding.

(f) All welds shall be free from susceptibility to intergranular attack (see
Paragraph C5.8).

C5.7 Passivation

The inside of the shell shall be free from iron contamination and welding scale.

NOTE. Suitable cleaning techniques are specified in ASTM A 380-78.

C5.8 Test for susceptibility to intergranular corrosion

The following samples shall be cut from the shell (the dye-checked shell may be
used):

(a) From a circumferential joint
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(b) From the longitudinal joint

(c) From a T joint

(d) From a fitting attachment weld

Each sample shall include the weld metal and 10 mm of parent metal on each side
of the weld.

The samples may be subjected to the Streicher test (see ASTM A 262-81). If all
the samples pass the test (including absence of carbides) the welding shall be
deemed to be acceptable.

Samples not subjected to or failing the Streicher test shall be subjected to the
Monypenny-Strauss test (see AS 2038). None of the samples shall indicate
susceptibility to intergranular corrosion as evidenced by the presence of cracks or
fissures.

C5.9 Watertightness

When tested with water at the maximum working pressure, the shell shall not leak.
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Appendix D

Specific requirement for solar water heaters with composite shells

Dl. Scope

This appendix specifies requirements for composite shells made from steel and
protected as follows:

(a) With a metallic insert.

(b) With a bonded vitreous enamel lining.

D2. Referenced documents

The following standards are referred to in this Appendix:

AS 1056 Automatic Electric Storage Water Heaters with Hot Water

Deliveries Ranging from 25 Litres to 630 Litres

AS 1279 Copper Refinery Shapes

AS 1566 Copper and Copper Alloy Plate, Rolled Bar, Sheet, Strip and Foil for
General Engineering Purposes

AS Z5 Glossary of Metal Welding Terms and Definitions
Part 1: General Term for Welding, Brazing and Cutting.

D3. Shells with metallic inserts

03.1 Non-ferrous metallic insert

03.1.1 Material

The insert shall be made from one of the following materials complying with AS
1566:

(a) Silicon bronze alloy A, 655A.

(b) 90/10 copper-nickel, 706B.

(c) Phosphorous deoxidized copper, high residual phosphorous, Cu-DHPt (see

also AS 1279).

trornierly designated 122A (see AS 1566)
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03.1.2 Thickness

When checked at 20 representative points on the walls and ends, the insert shall
have a thickness of not less than 0.50 mm.

03.1.3 Conformity with steel shell

The insert shall be in virtually intimate contact with the steel shell over its entire
surface.

D3.2 Steel shell

The shell shall be made from a grade of steel that will consistently ensure
satisfactory jointing with the insert.

03.3 Jointing

03.3.1 Welding of the shell

The welds shall be of a quality not inferior to that produced by the submerged-arc

process. The longitudinal seam shall be butt welded.

Weld beads and edges against which the insert will bear shall be finished so that

local stresses are not imposed upon the metallic insert.

03.3.2 Jointing of the insert
Joints in the insert shall be either welded or brazed. The jointing shall be finished

so that intimate contact with the steel is ensured.

03.4 Watertightness

Where tested.with water at the maximum working pressure, the insert shall not
leak. Where a shell is provided with opening(s) for the expulsion of air from the
interspace or for the detection of leaks, such opening(s) shall be sealed at the
conclusion of this test and while the shell is subjected to pressure.

Shells intended for type testing shall be fitted with at least three sealable openings
(see Fig. Dl) not less than 3 mm in diameter nor more than 5 mm in diameter
which shall provide access to the interspace.

04. Bonded vitreous enamelled shells

04.1 Enamel lining material

The enamel shall be of a grade suitable for the containment of potable oxygenated
water at the intended elevated temperature and complying with requirements for
leaching of toxic elements (see Paragraph F4.5.1) and solubility of the lining (see
Paragraph D4.5.2).
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04.2 Steel shell

04.2.1 Material

The shell shall be made from a grade of steel that will consistently ensure

satisfactory lining with the proposed enamel.

04.2.2 Welding

The welds shall be of a quality not inferior to that produced by the submerged-arc
process. The longitudinal seam shall be butt welded.

Welds other than the closing circumferential weld (see Paragraph D4.4) shall be
repaired, where necessary, before enamelling;

04.3 Application of enamel lining

04.3.1 Coverage

A continuous lining of vitreous enamel shall be applied to all steel surfaces that will
be exposed to water and there shall be no burn-off of enamel at edges. All edges
shall be rounded to prevent burn-off of enamel. The minimum radius
recommended to prevent burn-off of enamel is 2 mm.

All fittings that are welded to the conta!ner shall be lined with vitreous enamel on
those areas that are exposed to the contents of the container.

04.3.2 Uniformity and thickness. The lining shall be as follows:

(a) Heaters designed to limit the temperature of the stored water to 70°C or less

The vitreous enamel lining shall be applied evenly to all internal surfaces of
the container to a nominal thickness when fired of not less than 0.15 mm
except that, in localized areas not in excess of 4000 mm2 in any single shell,
a thickness of 0.12 mm is allowable.

There shall be no masses of vitreous enamel or abnormal build-up exceeding
0.60 mm in thickness at isolated areas of the shell.

(b) Heaters in which the temperature of water stored in the container may
exceed 70°C

The vitreous enamel lining shall be applied evenly to all internal surfaces of

the container to a nominal thickness when fired of not less than 0.20 mm and
not more than 0.40 mm. ~

There shall be no masses of vitreous enamel or abnormal build-up exceeding
0.50 mm in thickness at isolated areas of the shell.
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Thickness measurements to determine compliance with the requirements of (a) and
(b) above shall be taken at not less than 20 representative points on the walls and
ends of a segmented shell (see Clause 6.2.6) with a calibrated magnetic thickness
gauge.

04.3.3 Permissible imperfections

Each segment shall be visually inspected for imperfections of the bonded vitreous
enamel, other than cracked and spalled areas of enamel caused by the cuffing
operation (see Clause 6.2.6).

If any detected imperfection has a diameter or maximum dimension greater than 3
mm, the container shall be deemed to have failed the test If numerous
imperfections of smaller size are noted, the average diameter of these spots shall
be measured with a low-power microscope with calibrated eye-piece. The circular
area of each spot shall be computed from the average diameter, and all of these
areas shall be added to give the total area of imperfect lining.

The area of any such breaks in the coating that expose the surface of the steel or
the ground coat of any two-coat enamels shall, when averaged over the internal
surface of the container, be not greater than the value set out in Table Dl for the
appropriate design of solar water heater.

3 sealable
openings

Figure DI. Openings in container
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Table DI. Exposed area of steel or ground coat enamel

Solar water heater type Exposed area of steel or

ground coat, average over
internal surface

Heaters designed to limit the temperature
of
water stored in the container to 70°C or
less

350 mm
2

per square metre of internal
surface

•

Heaters in which the temperature of water
stored in the container may exceed 70°C

175 mm
2

per square metre of internal
surface

04.4 circumferential welding after enamelling.

044.1 Mating and alignment

The mating of pre-enamelled parts and the welding there of shall not cause any
fracture, removal, or breakdown of the enamel lining that is exposed to freely
circulating water.

The parts shall be in enamel-to-enamel contact, except that, in the vicinity of the
longitudinal seam, there may be a gap not exceeding 1.5 mm wide over a length
not exceeding 50 mm (see Fig. 02).

04.4.2 Welding

The inner line of enamel-to-enamel contact shall be at least 3.0 mm from the root
of the circumferential weld (see Fig. 03).

Bare steel or burned-off enamel shall not extend into the shell beyond the inner line
of enamel-to-enamel contact.

04.4.3 Repairs to welding

The closing circumferential weld may be repaired subject to the following

conditions:

(a) Welding shall be confined to lap fillet welds and to edge welds, as illustrated
in AS Z5, Part 1.

(b) Repair welds shall be carried out by arc welding.

(C) Mo individual repair weld shall exceed 50 mm in length and the total length of

welding in any one shell shall be not more than 200 mm.

40



MS 1367 : 1994

04.5 Requirements for lined shells.

04.5.1 Toxic elements

When analysed by recognized chemical procedures, the discarded test solution
from the first cycle of the solubility test set out in AS 1056 shall not contain more
than the following:

(a) Lead 0.05 mglL.

(b) Arsenic 0.05 mg/L.

(c) Antimony 0.01 mglL.

NOTE. These chemical tests are not required when it is definitely known that no compounds of lead,

arsenic or antimony were used in the production of the enamel lining material.

04.5.2 Solubility, of the lining

When determined by the solubility test set out in AS 1056 (8 cycles), the loss of
mass of each specimen shall not exceed the following:

(a) For heaters designed to limit the temperature to the water stored in the
container to 70°C or less 0.03 mg per square millimetre of
surface.

(b) For heaters in which the temperature of water stored in the container may

exceed 70°C 0.015 mg per square millimetre of surface.

04.5.3 Water tightness

When tested with water at the maximum working pressure, the enamelled shell
shall not leak, and there shall be no crazing or sparling of the vitreous enamel
lining.
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Figure D2. Permissible gap in enamel-to-enamel contact at a
circumferential joint

50 max.

Longitudinal seam

1.5 max.

vitreous enamel lin
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er line of
enamel-to-
enamel contact

Root of

3.0 mm.

Root of
circumferential
weld —~

Figure D3. Circumferential joints welded after enamelling -

Typical configurations

Water Water

3.0 mm.

circumferential
weld

Inner line of
enamel-to-
enamel contact

Root of
circu
weld

Water

3.0 mm.

7

/ ~ water

/

~ ~ Inner line at

~ /A~_tenamel_to.enamel

4 ~AT~~co1tact

~
Vitreous enamel

circumferential
weld
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Appendix E

List of reference standards

El. Malaysian Standards

MS 133: Methods of test for paints - Cross cut test
Pt.E6

MS 133: Methods of test for paints - Resistance to impact
Pt. E7

MS 477 Code of practice for protection of electrical power equipment against
climatic conditions

MS 1152 Methods of test for tensile properties of plastics films

E2. Australian Standards

AS 1056 Automatic electric storage water heaters with hot water deliveries ranging
from 25 litres to 630 litres

AS 1288 SAA glass installation code

AS 1308 Thermostats and over-temperature energy cutouts for automatic electric

water heaters

AS 1432 Copper tubes for water, gas and sanitation

AS 1449 Wrought alloy steels - Stainless and heat-resisting steel plate, sheet and
strip

AS 1690 SAA domestic oil-fired appliances safe design code

AS 1769 Welded stainless steel tubes for plumbing applications

AS 2002 The installation of household type solar hot water supply systems

AS 2136 Method for detecting the susceptibility of copper and its alloys to stress
corrosion cracking using the mercurous nitrate test

AS 2535 Glazed flat plate solar collectors with water as the heat transfer fluid -

Method for testing thermal performance
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AS 3142 Approval and test specification for electric water heaters

AS XXXX Household solar water heaters - Perforn,ance*

E3. Australian Gas Association

AG 102 Approval requirements for class A gas water heaters equipped with
natural draft combustion systems (published by the Australian gas
association)

E4. American Society for Testing and Materials

ASTM Test method for tensile properties of plastics
0 638

ASTM Solar energy transmittance and reflectance (Terrestrial)
E 424 of sheet materials

ASTM Operating light-exposure apparatus (Xenon-arc type) with
G 260 and without water for exposure of nonmetallic materials

ES. American National Standard Institute

ANSI/ Gas vents
UL 441

*j~course of preparation
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TANDA-TANDA STANDARD SIRIM

Tanda-tanda Standard SIRIM seperti yang tertera di bawah adalah tanda-tanda pengesahan
dagangan berdaftar. Tanda-tanda ini hanya boleh digunakan oleh mereka yang dilesenkan
di bawah skim tanda pengesahan yang dijalankan oleh SIRIM mengikut nombor Standard
Malaysia yang berkaitan. Kewujudan tanda-tanda ini pada atau berkaitan dengan sesuatu
barangan adalah sebagai jaminan bahawa barangabn tersebut telah dikeluarkan melalui
satu sistem penyeliaan, kawalan dan ujian, yang dijalankan semasa pengeluaran. Ini
termasuk pemeriksaan berkala kerja-kerja pengeluaran menurut skim tanda pengesahan
SIRIM yang dibentuk untuk menentukan bahawa barangan tersebut menepati Standard
Malaysia.

Keterangan-keterangan lanjut mengenai syarat-syarat lesen boleh didapati dari:

Ketua Pengarah
Institut Standard dan Penyelidikan Perindustrian Malaysia

Persiaran Dato’ Menteri, Seksyen 2, Peti Surat 7035
40911 Shah Alam

Selangor Darul Ehsan

SIRIM STANDARD MARKS

The SIRIM standard marks shown above are registered certification trade marks. They may
be used only by those licensed under the certification marking scheme operated by SIRIM
and in conjunction with relevant Malaysian Standard number. The presence of these Marks
on or relation to a product is assurance that the goods have been produced under a system
of supervision, control and testing, operated during production, and including periodical
inspection of the producer’s works in accordance with the certification marking scheme of
SIRIM designed to ensure compliance with a Malaysian Standard.

Further particulars of the terms of license may be obtained from:

Director-General
Standards and Industrial Research Institute of Malaysia

Persiaran Dato’ Menteri, Section 2. P.O.Box 7035
40911 Shah Alam

Selangor Darul Ehsan
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INSTITUT STANDARD DAN PENYELIDIKAN PERINDUSTRIAN MALAYSIA

Institut Standard dan Penyelidikan Perindustrian Malaysia (SIRIM) telah ditubuhkan hasil dari cantuman Institut
Piawaian Malaysia (SIM) dengan Institut Negara bagi Penyelidikan Sains dan Perusahaan (NISIR) di bawah
Undang-Undang Malaysia Akta 157 pada 16hb. September 1975:Akta Institut Standard dan Penyelidikan
Perindustrian Malaysia (Perbadanan) 1975. Institut ini diletakhak dengan kuasa untuk memamju dan
menjalankan penyelidikan perindustrian dan untuk menyedia dan memajukan standard-standard bagi barangan-
barangan, proses-proses, amalan-amalan dan perkhidmatan-perkhidmatan; dan bagi mengadakan peruntukan
bagi perkara-perkara yang bersampingan atau berkaitan dengan maksud-maksud itu.

Satu daripada tugas-tugas Institut ini adalah menyediakan Standard-Standard Malaysia dalam bentuk
penentuan-penentuan bagi bahan-bahan, keluaran-keluaran, kaedah-kaedah ujian, kod-kod amalan yang
sempurna dan selamat, sistem penamaan dan lain-lain. Standard-Standard Malaysia disediakan oleh
jawatankuasa-jawatankuasa perwakilan yang menyelaras  keupayaan pengilang dan kecekapan pengeluaran
dengan kehendak-kehendak yang munasabah dari pengguna. Ia menuju ke arah mencapai kesesuaian bagi
maksud, memudahkan pengeluaran dan pengedaran, kebolehsalingtukaran gantian dan pelbagai pilihan yang
mencukupi tanpa pembaziran.

Standard-Standard Malaysia disediakan hanya setelah penyiasatan yang lengkap menujukkan bahawa sesuatu
projek itu disahkan sebagai yang dikehendaki dan berpadanan dengan usaha yang terlibat. Hasil ini berasaskan
persetujuan sukarela dan memberi pertimbangan kepada kepentingan pengeluar dan pengguna. Standard-
Standard Malaysia adalah sukarela kecuali is dimestikan oleh badan-badan berkuasa melalui peraturan-
peraturan, undang-undang persekutuan dan tempatan atau cara-cara lain yang sepertinya.

Institut ini beroperasi semata-mata berasaskan tanpa keuntungan. Ia adalah satu badan yang menerima bantuan
kewangan dari Kerajaan, kumpulan wang dari bayaran keahlian, hasil dari jualan Standard-Standard dan
terbitan-terbitan lain, bayaran-bayaran ujian dan bayaran-bayaran lesen untuk mengguna Tanda Pengesahan
SIRIM dan kegiatan-kegiatan lain yang berhubung dengan Penstandardan, Penyelidikan Perindustrian dan
Khidmat Perunding.

STANDARDS AND INDUSTRIAL RESEARCH INSTITUTE OF MALAYSIA

The Standard and Industrial research Institute of Malaysia (SIRIM) is established with the merger of the
Standards Institution of Malaysia (SIM) and the National Institute for Scientific and Industrial Research (NISIR)
under the Laws of Malaysia Act 157 on 16

th
. September 1975: Standards and Industrial Research Institute of

Malaysia (Incorporation) Act 1975. The Institute is vested with the power to provide for the promotion and
undertaking of industrial research and for the preparation and promotion of standards for commodities,
processes, practices and services; and to provide for matters incidental to or connected with those purposes.

One of the functions of the Institute is to prepare Malaysian Standards in the form of specifications for materials
and products, methods of testing, codes of sound and safe practice, nomenclature, etc. Malaysian Standards are
prepared by representative committees which co-ordinate manufacturing capacity and production efficiency with
the user’s reasonable needs. They seek to achieve fitness for purpose, simplified production and distribution
replacement interchangeability, and adequate variety of choice without wasteful diversify.

Malaysian Standards are prepared only after a full enquiry has shown that the project is endorsed as a desirable
one and worth the effort involved. The work is based on voluntary agreement, and recognition of the community
of interest of producer and consumer. The use of Malaysian Standards is voluntary except in so far as they are
made mandatory by statutory authorities by means of regulations, federal and local by-laws or any other similar
ways.

The Institute operates entirely on a non-profits basis. It is a grant aided body receiving financial aid from the
Government, funds from membership subscriptions and proceeds from sales of Standards and other
publications, fees and licence fees for the use of SIRIM Certification Mark and other activities associated with
Standardization, Industrial Research and Consultancy Services.


