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COPYRIGHT

This General Specification for Air-conditioning, Refrigeration, Ventilation and
Central Monitoring and Control System Installation is copyrighted and all rights
(including subsequent amendments) are reserved.

2. This General Specification is solely compiled for use on Air-conditioning,
Refrigeration, Ventilation and Central Monitoring and Control System installations in
Government buildings of the Hong Kong Special Administrative Region.

3. It is hereby declared that the specification contained herein may not be pertinent or
fully cover the extent of installations carried out by others.  Prior consent by the Director
of Architectural Services must be obtained for adoption of this General Specification on
installations of other nature or locations.



Section C1

SECTION C1

AIR CLEANING EQUIPMENT

C1.1 GENERAL

Filters shall have the specified performance and fire property in accordance with the
test methods of one of the standards stated in Sub-section C1.2.

To improve indoor air quality and protect air conditioning equipment, outdoor air
and re-circulated indoor air shall be filtered to remove dust, bacteria, pollens,
insects, soot and dirt particles before it enters the air conditioning system. The
following air cleaning devices, dependent on their compatibility with the general air
conditioning system, shall be incorporated into the system as in-duct devices or be
stand-alone devices.

C1.1.1 Particulate Filter

Particulate filters are the most commonly used air cleaning devices in
buildings. They are classified into two general categories, pre-filters and
final filters, according to the size of the particulate, which they catch and
the energy required to send air through them. One or a combination of
the filters shall be selected depending on the physical characteristics and
levels of the dust to be controlled, the capacity of the system to overcome
the associated pressure drop across the filter and the degree of indoor air
cleanliness required :-

Table C1.1.1 – (1) Types of Filters

Stage Nature Filter Type
Washable Panel FiltersWashable
Automatic Viscous Filters
Disposable Panel FiltersDisposable
Disposable Pleated Panel Filters
Renewable Panel Filters

Pre-filters

Renewable
Automatic Fabric Roll Filters

Disposable Bag Filters
Cartridge Filters
High Efficiency Particulate Air (HEPA)
Filters

Renewable Automatic Recleanable Filters

Final
Filters

Automatic Recleanable HEPA Filters

The filters shall be cleaned or replaced on a regular basis according to the
manufacturer’s instructions or when a maximum pressure drop is
reached. To prolong service life, two stages of filtration are
recommended for buildings designed with a central air handling system
to prevent premature clogging and frequent replacement of the high
efficiency filter as below:-



Section C1

Table C1.1.1 – (2) Filter Efficiency

Conditions Pre-filters Final filters
General occupied areas Required 60-79 % efficiency
Heavy dirt loading areas Required 80-89 % efficiency
Sensitive areas Required 90-95 % efficiency

For particularly critical clean air requirements such as health care
facilities, three filtration stages may be used with High Efficiency
Particulate Air (HEPA) Filter being the third stage.

C1.1.2 Electrostatic Filter

For conditions where low pressure drop, energy saving and minimum
servicing are concerned, electrostatic filters shall be used which can also
deal with odour of low concentration level.

C1.1.3 Gas Filter

Gas filters are designed to remove contaminating gases from the air.
Solid sorbents including activated carbons, molecular sieves, silica gel
and activated alumina, each of which has a different adsorbing
characteristic, shall be used to remove the various contaminant gases.

C1.2 STANDARDS

C1.2.1 Performance of Air Filter

The performance of air filters shall comply, where applicable, with one
of the following standards :-

(a) ASHRAE Standard 52.1-1992 – Gravimetric and Dust-Spot
Procedures for Testing Air-Cleaning Devices Used in General
Ventilation for Removing Particulate Matter.

(b) Underwriters Laboratories UL 586 – Test Performance of
High Efficiency Particulate, Air Filter Units.

(c) European Standard EN-779 : 1993 - Particulate Air Filter for
General Ventilation Requirements, Testing, Marking.

(d) Eurovent 4/5 - Method of Testing Air Filters Used in General
Ventilation.

(e) Eurovent 4/4 - Sodium Chloride Aerosol Test for Filters Using
Flame Photometric Technique.

(f) Any other standard as required by the Architect to suit the
particular project requirement.

C1.2.2 Fire Property of Air Filter
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The fire property of air filters and its associated accessories shall comply
with one of the following standards as well as the latest requirement of
Fire Services Department:

(a) British Standard Institution BS 476 : Part 4 - Non-
Combustibility Test for Materials.

(b) British Standard Institution BS 476 : Part 6 - Method of Test
for Fire Propagation for Products, with Indices "I" ≤ 12 and
"i1" ≤ 6.

(c) Underwriters Laboratories UL 900 - Standard for Air Filter
Units, Class 1 or Class 2.

(d) European Standard DIN 53 438 Part 3 - Response to Ignition
by A Small Flame, Surface Ignition, Class F1.

C1.3 DRY REPLACEABLE MEDIUM TYPE FILTER

C1.3.1 Bag Filter

The air filter shall be of high efficiency, extended area, deep pleated,
disposable type. The media shall be microfine glass fiber, which is
reinforced by a laminated synthetic backing. It shall have a nominal
width of 600 mm and the following average atmospheric dust-spot
efficiency by ASHRAE Standard 52.1 – 1992 and initial resistance at 2.5
m/s face velocity, unless otherwise specified in the Particular
Specification. The air filter shall be designed for the air velocity of 1.0 to
3.5 m/s and shall operate to 250 Pa final resistance.

Table C1.3.1 Resistance of Bag Filter

Average Efficiency Not Less
Than

Initial Resistance Not
Exceeding

65 % 75 Pa
85 % 100 Pa
95 % 145 Pa

The filter package shall be factory assembled as a complete set readily for
site installation. The filter assembly shall consist of a holding frame, sealer
frame, media retainer, and the disposable element.

The sealer frame shall be constructed of galvanized steel of sufficient
thickness and be equipped with suitable airtight sealing gasket and sealing
mechanism on the sealer frame flange. The media retainer shall be
designed to match the filter elements to provide sufficient support for the
multiple pleats of the filter element against the direction of the airflow. The
media retainer shall be suitably coated and designed to totally eliminate the
possibility of oscillation and sagging. The bag or packer shall inflate fully,
shall not sag or flutter or be obstructed by contact with other filter faces or
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ductwork surfaces when operation between 60 - 110% of design air
volume flow rate for fixed volume system.

C1.3.2 Cartridge Filter

This type of filter shall work reliably in the range of medium and high
cleaning efficiency. It shall have the following average atmospheric dust-
spot efficiency by ASHRAE Standard 52.1 – 1992 and initial resistance
at 2.5 m/s face velocity, unless otherwise specified in the Particular
Specification. The air filter shall be designed for air velocity of 1.0 to 3.5
m/s. The filter shall operate to 250 Pa final resistance and shall consist of
water-resistant media of ultra-fine glass fibers. The media shall be
pleated and have suitable separators to maintain the uniform spacing
between pleats. The filter assembly shall be of rigid cartridge design,
which shall consist of a steel header and cell box to form a supported
pleat media pack for various difficult operating conditions. The filter set
shall be, unless specified else, of 300 mm thickness disposable extended
surface cartridge type. The media shall be water resistant and shall be
made of ultra-fine glass fibre formed into thin mate, which shall be
supported by corrugated aluminium separators and sturdy enough to
operate in a VAV system.

Table C1.3.2 Resistance of Cartridge Filter

Average Efficiency Not Less
Than

Initial Resistance Not
Exceeding

65 % 90 Pa
85 % 120 Pa
95 % 150 Pa

C1.4 DISPOSABLE TYPE PANEL FILTER

C1.4.1 Disposable Panel Filter

The air filter shall be disposable glass fibers media panel type. It shall
have an average synthetic dust weight arrestance of not less than 80% by
ASHRAE Standard 52.1 – 1992, nominal width of 50 mm and an initial
resistance not exceeding 65 Pa at 2.5 m/s face velocity, unless otherwise
specified in the Particular Specification. The filter shall operate to 250 Pa
final resistance.

The glass filter medium shall be supported between two media retainers
inside a reinforced cardboard retaining frame. The media retainers shall
be suitably designed and fabricated to provide strong support throughout
its whole working life, such as combined metal mesh and grilles. The
filter element shall be bonded together with a cured resin, with a light
adhesive coating, and suitably treated such that the filter medium is not
affected by the air moisture, vermin proof and resistant to fungal growth.

C1.4.2 Disposable Pleated Panel Filter
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The extended surface pleated filters of similar design to disposal panel
filters shall be used when higher air cleaning efficiency and air flow rate
are desired. It shall have an average atmospheric dust-spot efficiency of
not less than 30% by ASHRAE Standard 52.1 – 1992, nominal width of
50 mm and an initial resistance not exceeding 75 Pa at 2.5 m/s face
velocity, unless otherwise specified in the Particular Specification. The
filter shall operate to 250 Pa final resistance. The pleated media shall be
bonded to the expanded wire mesh to maintain its high efficiency and
constant air flow rate.

C1.4.3 Renewable Panel Filter

It shall be used for the heavy dust loading condition when the
maintenance cost is the main decision factor. The filter media of usual 50
mm thickness shall be glass or synthetic fibre. The filter media shall be
replaceable and is held in position in permanent wire basket, which shall
be designed for easy filter element replacement. It shall have an average
synthetic dust weight arrestance of not less than 80% by ASHRAE
Standard 52.1 – 1992 and an initial resistance not exceeding 65 Pa at 2.5
m/s face velocity, unless otherwise specified in the Particular
Specification. The filter shall operate to 250 Pa final resistance.

C1.5 AUTOMATIC FABRIC ROLL FILTER

The filter shall comprise the complete assembly of filter frame, motor, drive, filter
blockage sensor and filter media. All sheet metal parts shall be of corrosion
resistant galvanized steel construction. The filter media, supplied in roll form and
50 mm thickness, is fed automatically across the face of the filter, while the used
dirty media is rewound onto a roll at the other end drum. Each roll shall not be less
than 20 meters long for sufficient useful life before replacement is required. The
filter shall operate automatically to maintain operating resistance within the range
to suit the filter media and the required operating efficiency. The filter shall
advance the filter media automatically on the command from a pressure switch,
timer, or light-transmission control. The control circuit must operate to ensure
uniform feeding of the filter media for constant dirt condition and loading. This
shall not need re-calibration if the actual working condition differs from design or if
the system is of the variable air volume type. Visual or audible warning to notify
the filter media replacement shall be provided. The driving motor shall be
automatically switched off when the filter media end is reached and a filter stop
alarm shall be generated to alert filter replacement. The controls shall be factory
wired and installed electrically to insure fail safe operation. The filter shall be
designed and constructed to ensure continuous operation during the routine
servicing and maintenance of the filter. The filter media shall be provided with an
effective seal to minimize air bypass. A spare roll of filter media shall be provided
for each unit.

The initial resistance of the filter shall not exceeding 45 Pa and a mean of 85 Pa under
designed operating conditions. The air velocity through the filter media shall not
exceed 2.5 m/s. It shall have an average synthetic dust weight arrestance of not less
than 80% by ASHRAE Standard 52.1 – 1992, unless otherwise specified in the
Particular Specification.
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C1.6 WASHABLE PANEL FILTER

This type of filter shall be constructed of aluminium to withstand washing by water
or steam. The filter panel shall be constructed from multiple layers of expanded
aluminium mesh or glass, natural or synthetic fibre, with the layers being
corrugated or plain and arranged alternately at right angle at one another. Filter
media shall be supported on both sides with a rigid and thicker aluminium
expanded metal mesh.

Filters shall be 50, 25, 12.5 mm thick with a rolled or extruded aluminium frame.
The frame section shall be ribbed for stiffness and its inner edges treated to prevent
sharpness and increase strength. Corners shall be mired and riveted where it is
necessary. Folding handles shall be applied to the short side of all washable filter
panels for easy removal and cleaning. The filter support frame shall be suitable for
the installation of either side.

It shall have the following minimum average synthetic dust weight arrestance by
ASHRAE Standard 52.1 – 1992 and maximum initial resistance at 2.5 m/s face
velocity, unless otherwise specified in the Particular Specification. The filter shall
operate to 150, 100 and 75 Pa final resistance for 50, 25 and 12.5 mm thick panels
respectively.

Table C1.6 - (1) Resistance of washable panel filter

Thickness Average Arrestance Initial Resistance
50mm 60% 45Pa
25mm 50% 35Pa

12.5mm 40% 25Pa

Where coated filtration media is indicated, each layer of expanded aluminium shall
be furnished with a thixatropic flame resistant filter coating before assembly into a
pack. The adhesive shall have a flash point exceeding 1800C. Performance data for
expanded aluminium filter panels oiled with a thixatropic adhesive shall have the
following minimum average synthetic dust weight arrestance by ASHRAE
Standard 52.1 - 1992, minimum dust hold capacity and maximum initial resistance
at 2.5 m/s face velocity, unless otherwise specified in the Particular Specification.
The filter shall operate to 150, 100 and 75 Pa final resistance for 50, 25 and 12.5
mm thick panels respectively.

Table C1.6 – (2) Dust hold capacity and resistance of washable panel filters

Thickness Average
Arrestance

Dust Hold Initial Resistance

50mm 70% 1600g/m2 50Pa
25mm 60% 1500g/m2 40Pa

12.5mm 50% 1100g/m2 30Pa
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C1.7 WASHING FACILITIES FOR WASHABLE FILTER

Where washable filters shall be provided, the Contractor shall provide one set of
duplicate cleaning tanks (one to wash, one to rinse). These tanks shall be such as to
accommodate all sizes of washable filters or if the Contractor wishes several sets of
tanks may be provided to accommodate the various filter sizes provided.

The filter cleaning tanks shall be constructed of at least 1 mm thick stainless steel
of grade 316 of American Iron Steel Institute minimum and suitably stiffened
around the top edges by continuous external turned over inverted `u’ sections. The
tanks shall be 0.4 m deep. They shall be supplied with 18 mm drain down cock for
emptying but shall also have external handles to facilitate turning over to clear
sludge.

C1.8 AUTOMATIC VISCOUS FILTER

The filter shall comprise a frame or enclosure, filter plates, motor, drive and fluid
tank. There shall be access to the tank containing the fluid to facilitate maintenance
and the tools and containers required for the removal of sludge shall be provided.
Filter of this type shall have an average synthetic dust weight arrestance of not less
than 85% by ASHRAE Standard 52.1 – 1992, unless otherwise specified in the
Particular Specification. The design air velocity at the face of the filter shall not
exceed 2.5 m/s and operating resistance shall not exceed 125 Pa at the design air
volume flow rate. To ensure that there is no carry-over of fluid from freshly wetted
surfaces the rate of drive shall be suitably adjusted and set or the filter shall
incorporate shielding devices.

C1.9 AUTOMATIC RECLEANABLE HIGH VOLTAGE ELECTROSTATIC
FILTER

The automatic recleanable high voltage electrostatic filters shall be able to control
odours in the conditioned space and reduce the permanent deposition of
contaminants in the space served. It shall have an average atmospheric dust-spot
efficiency of not less than 95% by ASHRAE Standard 52.1 – 1992 and an initial
resistance not exceeding 120 Pa at design air flow volume rate, unless otherwise
specified in the Particular Specification. For kitchen applications, it shall comply
with the latest requirements of the Environmental Protection Department on the
treatment of gas fired kitchen exhaust air and the unit shall be leakage proof to
avoid oil dripping.

The complete set shall consist of an ionizer-collector section power generator, a
50mm aluminium washable panel filters section against over-spray and a motorized
washer and adhesive applicator section. All parts shall be factory assembled into a
sectioned housing having an overall depth not greater than 1000 mm in direction of
airflow. Each section of the galvanized steel housing assembly shall incorporate a
pair of hinged, quick opening access doors permitting access for servicing of all
internal components; and a watertight, all welded, galvanized steel, drain pan
having drain connections. Access doors shall be sealed against leakage by
continuous perimeter gaskets of closed cell neoprene.
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C1.9.1 Each ionizer-collector section shall be furnished with the required
number of one-piece cells of all aluminium construction. Each cell shall
be fitted with stainless steel slides for mounting on the tracks, which
form an integral component of the side access housing and to facilitate
removal of cells for servicing. Cell support framework shall be
completely open beneath the ionizer-collector cells to ensure complete
drainage of wash water and excess adhesive, minimizing the possibility
of short circuits when high voltage power is restored following
completion of the wash cycle. Cells shall be designed so that high
voltage input terminals and their high volt rated insulators are located
completely out of contact with the moving air-stream to avoid build up
of dirt which could permit dissipation of high voltage charge and reduce
air cleaning efficiency. The high voltage bus bars and contactors shall be
inherent to the design of each cell and shall permit cell removal without
disconnecting any high voltage wiring. Insulators shall be fully exposed,
for ease of cleaning, when cells are removed for service. Cells shall be
designed for full-face ionization and shall have completely flat collector
plates to prevent buildup of residual, inaccessible dirt accumulations.

C1.9.2 Dual voltage power packs which are designed to provide high voltage to
the ionizer circuit and to the plate circuit respectively shall be connected
to each ionizer-collector section. The power packs shall be of solid state
design, having multiple steps of output voltage adjustment, to include
relays of remote indication of primary input and secondary output, shall
have “fail-safe” low voltage relays to interrupt power to the ionizer
circuit in the event of a malfunction in the plate circuit. High voltage
connections between the high voltage output terminals and the bus bar
terminals mounted on the ionizer-collector section access door shall be
adequately installed. Power pack covers shall each to include primary
and secondary neon glow lamps, a circuit breaker, and a manual reset
button. Two time delay safety type door interlock switches, with suitable
length of safety chain and wiring in series circuit for the power pack,
shall be furnished to cut-off the power supply whenever the door is
opened.

C1.9.3 Each washer and adhesive applicator section shall incorporate slide-in
type, perforated, galvanized steel air distribution baffles and a motor-
driven mobile header assembly. The mobile header assembly shall be
connected to the inlet water solenoid valve and to the adhesive pump by
means of non-snag, expanded PVC hose with a braided polyester
exterior protective cover. Rotating washer arms, each equipped with
adjustable, multi-directional, 360o washer spray nozzles, shall be driven
by reactive force to the high inlet water pressure. The removable brass
adhesive nozzles shall be mounted on a separate, fixed, vertical header
forming an integral component of the mobile assembly. The filter
adhesive shall be cold water soluble and non-flammable. A rotary gear
adhesive pump with bronze impeller and sufficient adhesive for at least
four reconditioning cycles shall be furnished.

C1.9.4 The washer supply water solenoid valve, the manifold drive motor, and
the manifold limit switch shall be pre-wired to an accessible, internally
mounted terminal box. The washer control enclosure access door shall
incorporate a status light to indicate when the reconditioning cycle is
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energized. An internal panel shall be equipped with a combination of
LED status lights and a digital readout to indicate which part of the
reconditioning cycle is in operation. The digital readout shall be visible
through a window in the control cover. The complete automatic cleaning
by reversing the polarity of the filter element, wet washing by water
spray and adhesive application shall be initiated manually or
automatically through a push button actuated, internally fused, all solid
state, program timer control, with adjustable timer to control drip and
fan dry cycles.

C1.10 HIGH EFFICIENCY PARTICULATE AIR (HEPA) FILTER

The HEPA filter shall have minimum efficiency of 99.97% in removing small
particles of sizes larger than 0.3 micrometer from air by Underwriters Laboratories
UL 586 - method of Dioctylphthlate (DOP) Penetration Test. This makes use of a
high efficiency glass paper medium and great surface area of medium per cross-
sectional area of the filter. It shall reach this rated efficiency when the velocity of
the gas passing through the media is 1.5 to 2.5 m/s. Unless otherwise specified in
the Particular Specification, a normal HEPA filter of a size 600 mm square with
300 mm thickness, shall have a rated flow of 0.47 m3/s, at a maximum pressure
drop of 250 Pa, and about 23 m2 of filtering media. The filter shall operate to 600
Pa final resistance.

For clean rooms and clean zones, the HEPA filter shall be selected to meet class
100 of air cleanliness by Federal Standard 209E – Airborne Particulate Cleanliness
Classes in Clean Rooms and Clean Zones, unless otherwise specified in the
Particular Specification.

Filter shall be constructed from a continuous sheet of the filter medium folded over
a separator of aluminium of other approved material to form closely spaced pleats,
the whole being sealed into a casing with hard setting synthetic resin cement. This
shall enable slower medium velocity and increased efficiency. The media of space
filter paper produced wholly from glass microfibres, shall be inert, non-
hygroscopic, vermin proof and shall not support bacteria growth. The filter media
shall be treated with organic binder materials to provide binder, fungicidal and
waterproofing properties.

C1.11 GAS FILTER

The gas filters shall remove contaminating gases from the air by absorption or
adsorption. It shall comprise a robust enclosure inserted with module banks which
contain evenly disposed chemical media. The complete unit is to be factory
assembled and manufactured by the same manufacturer. All joints between the
robust enclosure and the module banks shall be effectively sealed to eliminate air
bypass and to ensure the optimum removal efficiency. Their supports shall be
constructed from steel protected against corrosion and designed to provide
mechanical protection to the module banks. The chemical media shall be of
uniform thickness packed to ensure that compacting does not occur in use.

The chemical media shall consist of solid sorbents including activated carbons for
common volatile organic compounds in indoor air and activated alumina suitably
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impregnated with potassium permanganate for formaldehyde and other gaseous
contaminants. The combined media shall be able to operate normally at temperature
0 oC to 45 oC and relative humidity 10 to 95 %. It shall be inorganic, non-toxic,
non-flammable and shall not support bacterial or fungal growth.

The gas filters shall be selected to give a removal efficiency of not less than 80%,
residence time of minimum 0.2 seconds and an initial resistance not exceeding 125
Pa at 1.5m/s face velocity, unless otherwise specified in the Particular
Specification. Laboratory analysis of media samples to establish life cycles and
remaining life shall be submitted to the Architect for approval.

C1.12 AUTOMATIC RECLEANABLE FILTER

Filter media shall be made of reinforced fibre-glass or other suitable synthetic
medium mounted on a rotatory tube or a fixed drum. When a preset differential
pressure between dirty and clean airsides of the filter is exceeded, the cleaning
operation shall be initiated. For the rotatory tube design, the carrier tube shall rotate
and suction nozzle with vibrator motor shall move along the filtering surfaces. For
the fixed drum design, an air valve installed at the downstream of the filter shall
inject compressed air pulse-jet opposite to normal air flow direction. As a result,
dirt particles will be pulsed away from the filter and collected in concentrated form
inside a collection chamber or an external vacuum cleaner/central vacuum cleaning
system connected outside the filter chamber.

Cleaning shall be carried out both during downtimes of the air-
conditioning/ventilation system and during plant operation. The medium shall have
a filtering efficiency of EU class 9 by Eurovent 4/4 and 4/5. The initial resistance
across the whole unit shall not exceed 250 Pa at design air flow volume rate and the
final resistance shall not be more than 500 Pa, unless otherwise specified in the
Particular Specification.

The internal surface of the filter set shall be absolutely smooth and that of the bottom
shall be in trough form with drain so that water can be drained off in case of wet
cleaning.

The construction of the service door shall be identical to the casing panel. Non-aging
steel-inlaid labyrinth seal shall be integrated into the door leaf. Each door shall be
fitted with at least two double lever locks with bolts. Safety cams or chains shall be
provided for pressure side doors. All the surfaces of the casing shall be protected
against atmospheric corrosion by plastic powder coating.

The whole cleaning cycle shall be actuated and controlled by a sequence controller
with basic operation of :-

(a) Reverse blowing by air pulse

(b) Allow few minutes time interval for the dust and other contaminant
particles to settle at the collector trap

(c) Operate of the vacuum cleaner/central vacuum cleaning system for a few
minutes
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(d) Actuate alarm for disposing the contaminant particles when the
collecting bag is 80 % full

C1.13 FILTER PRESSURE DIFFERENTIAL MEASUREMENT AND
INDICATION

A differential pressure gauge of the inclined manometer type shall be provided for
each filter bank.

The gauge shall incorporate a graduated scale on which the reading of maximum
pressure drop shall occur in not less than 75% of the total scale length.

C1.14 ADDITIONAL REQUIREMENTS (SPARE FILTER MEDIA)

The Contractor shall replace all filters used during testing and commissioning stage
and in addition provide the following to the Architect for use by Client’s operation
staff during Maintenance Period :-

(a) For disposable type filters, one complete set of unused filter cells.

(b) For washable type filters, 20 % in number of the filter cells. These shall
be new and in good condition. Besides, 10 litre of the approved cleaning
detergent per filter installation shall be provided. Regarding filters of
viscous type, a drum or drums of fluid amounting to one complete
change or 10 litres per filter installation where thixatropic coatings are
used shall be provided.

(c) For renewable type filters, one complete set of unused filter media.

(d) For gas filters, one complete set of unused filter cells.

Within one month before Maintenance Period is certified to be complete, all above
filter cells/media shall be replaced with new one. In addition, 10 litre of the
approved cleaning detergent per washable filter installation shall be provided.
Regarding filters of viscous type, a drum or drums of fluid amounting to one
complete change or l0 litres per filter installation where thixatropic coatings are
used shall be provided.

C1.15 AUTOMATIC RECLEANABLE HEPA FILTER

The whole unit shall be of heavy duty proprietary made air-tight construction. It
shall be coated with polyester powder to protect from atmospheric corrosion and to
minimize internal friction. By the modular construction, each filter chamber of the
unit shall be isolated from the air stream without affecting the operation of the unit
while cleaning or replacing the filter cartridges within a particular filter chamber.
The filter cartridge shall be designed as drawers by sliding in or pulling out for
replacement and repairing services from the front panel and entirely from the clean
airside. There shall be no contamination on the filter unit and the environment
during the replacement. At the bottom, dust collection containers shall be mounted
to each filter chamber by clamps via inter-connecting funnel sections.
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Automatic cleaning is conducted by using a counter-current compressed air purge
sequence. Filter shall be cleaned periodically by compressed air, which is blown in
counter-flow direction to the filter cells from nozzles actuated by pneumatic system
from the clean airside. A digital measuring and indication device shall be provided
to show the differential pressure of all filter cells in one filter chamber. Cleaning
system shall be complete with an electronic self-diagnostic system keeping check
with the differential pressure, filter cleaning cycle, replacement period and sudden
piercing of the filter medium.

Filter media shall be made of reinforced fibre-glass or other suitable synthetic
medium with filtering efficiency of not less than EU class 13 by Eurovent 4/4. The
initial resistance across the whole unit shall not exceed 1500 Pa at design air flow
volume rate and the final resistance shall not be more than 2400 Pa, unless
otherwise specified in the Particular Specification.

C1.16 BIO-OXYGEN GENERATOR (AIR PURIFIER)

The bio-oxygen generator shall be capable of reducing bacteria and airborne
contaminants within the area concerned.

All components of the bio-oxygen generator, which are within the air stream, shall
comply with the latest requirement of Fire Services Department.

The bio-generator shall have removal efficiency of not less than 95% of Total
Bacteria Count (TBC) Test, 95% of cigarette smoke particles and 80% of odours,
unless otherwise specified in the Particular Specification. The ozone level
generated in the indoor environment shall be less than 0.05 ppm and the
background ozone level shall not in excess of the safety standards specified by
Occupational Safety and Hygienic Association (OSHA), USA.

Each unit shall be suitable for ductwork mounting and shall consist of electrode
tubes and power generator with built in output regulator as described below :

(a) The electrode tube shall consist of electrodes, glass tube and a thread
connector at the base of the tube for connection with the tube socket
provided at the power generator. Each tube shall be covered by stainless
steel mesh and earthed by the grounding leaf spring connected to the
power generator. No high voltage part shall be exposed and accessible.
All part in contact with air shall be corrosive resistant. The required
quantity and output of the electrode tubes for each air handling plant
shall follow manufacturer’s recommendation, which shall be sufficient to
handle the design air flow rate and the volume of the room being served.

(b) The power generator shall be able to operate on 220V/50 Hz single phase
supply. It shall generate appropriate supply to match with the operation
requirements of the electrode tubes. It shall be equipped with built-in
regulator for output adjustment and shall consist of on/off indicator lamp,
overload protection device, tube sockets, control knob for regulator
setting and on/off switch.
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C1.17 ULTRA-VIOLET STERILIZING LIGHT (UV)

The ultra-violet sterilizing light shall be UL listed and all components within the air
stream shall comply with latest requirement of Fire Services Department. It shall be
capable of killing mould and other airborne microbial contaminants within the area
concerned such as cold, flu and measles viruses, Legionella, tuberculosis and other
bacteria, viruses and mould spores.

The sterilizing light shall have one pass bacteria removal efficiency not less than
95% of Total Bacteria Count (TBC) Test, unless otherwise specified in the
Particular Specification. The ozone level generated in the indoor environment shall
be less than 0.05 ppm and the background ozone level shall not in excess of the
safety standards specified by Occupational Safety and Hygienic Association
(OSHA), USA.

Each unit shall be suitable for ductwork mounting and shall consist of emitter tube
and power generator with built-in output regulator as described below :

(a) The emitter tube shall consist of electrodes, glass tube and a thread
connector at the base of the tube for connection with the tube socket
provided at the power generator. Each tube is capable of producing
broadband UVC waveform in the range around 250-nm mercury spectral
line. The required quantity and output of the emitter tubes for each air
handling plant shall follow the manufacturer’s recommendation, which
shall be sufficient to handle the design air flow rate and the volume of
the room being served.

(b) The power generator shall be able to operate on 220V/50 Hz single phase
supply. It shall generate appropriate supply to match with the operation
requirements of the emitter tubes. It shall be equipped with built-in
regulator for output adjustment and shall consist of on/off indicator lamp,
overload protection device, tube sockets, control knob for regulator
setting and on/off switch.

C1.18 WATER SCRUBBER

Refer to Sub-section A5.5.6.
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SECTION C2

DUCTWORK AND ACCESSORIES

C2.1 GENERAL

Ductwork shall be off site pre-fabricated according to the requirement as specified
in the Particular Specification. The ductwork shall be fabricated from good quality
full sized zinc coated hot dipped galvanised flat steel sheet to BS EN 10142, Grade
DX51D+Z, coating type Z275 unless otherwise specified in the Particular
Specification or the Drawings.

C2.2 OFF SITE PRE-FABRICATION

The development of components for round, oval and rectangular ductwork shall be
carried out by a computer software which can produce all development plans from
the proposed ductwork layouts including all type of ductwork fittings and
accessories.  The software shall be able to work out the development plans with
utilization factor not less than 94%.  Copy of the proposed software details shall be
submitted for approval prior to production.

The above utilization factor is based on a ratio of the Standard Size Straight
Ductwork: Ductwork Fittings, which is 7 : 3.  For standard straight ductwork, the
utilization factor is about 100% and that for fittings is about 80%.  If the ratio of
Ductwork to Fittings is not 7 : 3, the overall utilization factor shall be submitted to
the approval of the Architect.

The remaining materials that cannot be used for fabrication of ductwork shall be
used for other purpose or as least to be recycled instead of being disposed of as
scraps.  The software used shall also be linked to the Numerical Control Cutting
Machines, such as the Plasma Cutting System for the cutting, development and
forming of the required ductwork components and accessories. Copy of the
proposed Numerical Control Cutting Machines details shall be submitted for
approval prior to production.

Automatic or semi-automatic machines shall be employed for the bending, folding
and assembly of ductwork from sheet metal components developed.  Proper machines
are required for the manufacturing of all ductwork accessories including flanges,
stiffeners, splitter dampers, etc in order to enhance quality.

Construction and materials used for ductwork, fittings and accessories shall be inert,
non-hygroscopic, vermin and moisture proof, asbestos and CFC free, and shall not
support growth of bacteria.

Bends and branch vanes, dampers etc. shall be of the same material as used for the
ductwork and/or of heavier gauge, securely mounted.



Section C2

C2.3 SPECIFICATION AND STANDARDS

Ductwork shall comply with the latest edition of the following HVCA publications
with additions or amendments as required by this General Specification and/or
elsewhere in the Contract Documents.

(a) DW/144  Specification for sheet metal ductwork (low-medium- and high
pressure)

(b) DW/151 Specification for plastics ductwork

(c) DW/191 Guide to good Practice glass fibre ductwork.

Where any part of the installation is not covered by the above, the
recommendations of the latest edition of "Low Pressure Ductwork Construction
Standards" and "High Pressure Ductwork Construction Standards" issued by the
Sheet Metal and Air Conditioning Contractors' National Association (SMACNA)
Inc. USA shall be applied.

C2.4 FLEXIBLE DUCTWORK

The flexible ductwork shall have a liner and a cover of tough tear-resistant fabric
equal in durability and flexibility to glass fibre fabric.  The fabric shall be
impregnated and coated with plastics.  It shall be reinforced with a bonded
galvanised spring of stainless steel or other approved wire helix between the liner
and the cover.  An outer helix of glass fibre cord or equal shall be bonded to the
cover to ensure regular convolutions.  Flexible ductwork without a liner may not be
used.

In no cases shall material containing asbestos fabric be used.

Alternatively, flexible ductwork shall consist of flexible corrugated metal tubing of
stainless steel, aluminium, tin plated steel or aluminium coated steel.  The metal
surface(s) may be coated with a plastics material.

The leakage from any section of flexible ductwork shall not exceed 1% of the local
design air flow rate at the local maximum static pressure.

Flexible ductwork shall be suitable for an operating temperature range of -5° C to 90°
C and shall comply with BS 476 Part 5, Rating Class P; Part 6 having an index of
performance not exceeding 12 of which not more than 6 should derive from the initial
period of test; Part 7 Class 1 (surface of very low flame spread) unless otherwise
indicated.

C2.5 DUCTWORK FOR CORROSIVE FUMES

Ductwork used to carry corrosive fumes shall be of non-corrosive material.  Where
PVC material is used, the minimum thickness shall be 2.4 mm.

Plastic ductwork and all associated moulded or extruded sections, angles and
fittings shall be unaffected by the range of substances conveyed and under the
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conditions indicated. Unless otherwise indicated, and providing the requirements
above can be met, sheet material shall be pressed unplasticised PVC sheet
complying with ISO 6453.  Where PVC ductwork is thermally insulated or is not
readily visible, Type A3 sheet shall be used; elsewhere Type Al shall be used.

Any plastic ductwork system incorporating a heater battery shall be installed such
that no part of the system is impaired by the heating effects of the battery or its
casing.

Circular ductwork up to 300 mm shall preferably be fabricated from unplasticised
PVC pipe complying with ISO 3472 and ISO 3473.  Unless otherwise indicated, the
colour of sheet and pipe shall be industrial grey.  Ductwork shall be constructed
(thickness, angles, stiffness etc.) in accordance with Specification DW/151 part 1
uPVC.

Where any part of the installation is not covered by "DW/151", then the
recommendations of the latest edition of "Thermoplastic Ductwork (PVC)
Construction Manual" issued by the Sheet Metal and Air Conditioning Contractors'
National Association (SMACNA), Inc. USA shall apply.

The methods of construction recommended in HVCA Specification DW/151 shall
be used, i.e. cemented joints shall be used for circular (pipe) jointing and hot
gas/filler rod, welding shall be used for all other fabrication. For circular ductwork
constructed from pipe, sufficient angle joints shall be provided to enable the
ductwork to be dismantled in the space available.  Where so directed by the
Architect, all welders shall carry out the test detailed in HVCA Specification
DW/151.

The requirements of HVCA Specification DW/151 with regard to expansion joints,
ductwork supports, access doors and gaskets shall be met.

Extruded or moulded sections, angles and fittings shall be of the same plastic
materials and colour as the sheet or tube.

PVC ductwork shall not be used in situations where it will be subjected to
temperatures of 50o C and above.  Where heater batteries are required in the system,
the PVC ductwork shall be isolated from these by a suitable length of stainless steel
ductwork, generally as described for glass fibre ductwork in Sub-section C2.6.

C2.6 GLASS FIBRE DUCTWORK

C2.6.1 General

Where specified in the Particular Specification or the Drawings, glass
fibre ductwork made from 25 mm/38 mm thick resin bonded glass fibre
in rigid board form may be used.  The board shall have an integral
external vapour barrier of hard grade, flame retardant, damage-resistant
reinforced aluminium foil and an internal smooth, durable acrylic coating
that isolates the glass fibre substrate from the air stream and inhibits
penetration of the insulation by dirt, dust, micro organisms and other
pollutants.
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Special attention shall be paid to ensure that the material
itself/fabrication/erection of the ductwork does not contribute towards
suspected health hazard.

Thickness of the ductwork board to be used shall be selected in
accordance with manufacturer’s ductwork sizes, static pressure and
reinforcement schedule and recommendation.

C2.6.2 Specification and Standards

Specification and Standards for glass fibre ductwork shall comply with
the recommendations of the latest edition of HVCA Publication DW/191
Code of Practice for resin bonded glass fibre ductwork, or the "Fibrous
glass Ductwork Construction Standards" issued by the Sheet Metal and
Air Conditioning Contractors' National Association, Inc. USA.  The
flexural rigidity rating of the rigid glass fibre board shall be 8OOE1 (33.7
kg/m2) as defined in the above Standards.  Glass fibre ductwork shall
meet with the requirements of NFPA 90A and 90B by complying with
the requirements of Under-writer’s Laboratories Standard for safety UL
181 for Class 0 ductwork.

Glass fibre ductwork to be used shall resist fungal or bacterial growth
when subjected to microbial attack as described in ASTM C665 and
Standard Practices ASTM G21 (fungus test) and G22 (bacteria test).

Glass fibre ductwork shall be easily cleanable using methods and
equipment described in North American Insulation Manufacturers
Association (NAIMA) Publication AH-122, Cleaning Fibrous Glass
Insulated Ductwork Systems.

C2.6.3 Mounting if Fittings

Where the following items are installed in a ductwork, a suitably sized
section of galvanised sheet ductwork shall be installed complete with
independent supports and insulation :

(a) Electric or hot water etc. ductwork heaters and access panels
(b) Volume control dampers
(c) Fire dampers and access panel
(d) Fan and access panel

C2.6.5 Mountings of Instruments

All control/metering probes, etc. which require mounting in fibre glass
ductwork shall be adequately supported by a sheet metal panel securely
fixed to the internal face of the ductwork. The Contractor shall fix a
removable insulated cover over the complete probe to ensure
condensation will not occur on any exposed metal surfaces.

C2.6.5 Special Tools and Manufacturers Fabrication Instructions

The construction and installation including all cutting tools employed to
fabricate the ductwork shall be strictly in accordance with the
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recommendations of the fibre glass ductwork manufacturers instructions
issued for the correct installation of their product.  Fabrication and
installation by any method other than that endorsed by the fibre glass
ductwork manufacturer may be rejected by the Architect.

C2.7 PHENOLIC FOAM DUCTBOARD DUCTWORK

C2.7.1 General - Where specified in the Particular Specification or the
Drawings, pre-insulated ductwork made from 20 mm thick rigid closed
cell phenolic foam in rigid board form may be used.

C2.7.2 The ductwork material shall be covered with a layer of vapour barrier on
both board facing.  The vapour barrier shall be of minimum 20 micron
thick aluminium foil.  The circumferential and longitudinal seams of the
vapour barrier foils shall be sealed with self-adhesive foil tape as
specified in Sub-section C11.4.3.

C2.7.3 All material shall have a class 'O' fire rating and certificate from Fire
Services Department. Details refer to Sub-section C11.2.1. Low smoke
emission shall comply with BS 5111 Part 1 and shall be CFC free.

C2.7.4 The flange system for the phenolic foam ductwork shall be designed to
eliminate the effect of "Cold Bridge" and for the purpose of sealing, the
flanges shall be coated with fire resistant gaskets and securely mounted
with sufficient bolts, nuts and clips. An established joining system shall
be employed in connecting the ductwork and accessories such as air
outlets and dampers.  The joining system shall be approved by the
Architect.

C2.7.5 Where the following items are installed in the ductwork, they shall be
adequately supported by a sheet metal panel securely fixed to the internal
face of the ductwork with due consideration to ensure that condensation
will not occur on any exposed metal surface :-

- Ductwork heaters
- Volume control dampers
- Fire dampers
- Fans & access panels

C2.7.6 The construction and installation including all cutting tools, adhesives,
flange system shall be strictly in accordance with the recommendations
of the phenolic foam ductboard manufacturer's instruction.

C2.8 DAMPERS - GENERAL

The respective functions, types and general constructional requirements of dampers
shall be in accordance with the HVCA ductwork specification DW/144 unless
otherwise indicated, sufficient dampers shall be provided to regulate and balance
the system.  Dampers on grilles or diffusers shall be used for fine control only.
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All dampers shall be of flanged type for connection to ductwork and shall be
sufficiently rigid to prevent fluttering. Air leakage rate for dampers shall be tested
according to EN 1751 Section 3 when the damper is in the closed position. For
dampers installed for shut- off purpose, the maximum air leakage rate shall be
tested according to EN 1751 Section 4.

Air volume control dampers shall be of the aerofoil, double skin, opposed blade
type with low pressure drop and noise regeneration characteristics.  Damper blades
in rectangular ductwork shall not exceed 225 mm in width and 1500 mm in length.
Blades shall be of hollow section constructed from the same material of the
ductwork or of stainless steel encapsulating an internal double contoured steel
longitudinal reinforcing bar, mounted on square section steel spindles.  Bearings
shall be of nylon material and the units shall be of low-leakage design by
incorporation of synthetic trailing edge seals and a peripheral gasket which shall be
tested according to BS 476 Part 6 and 7 and shall be approved by the Fire Services
Department.  All manually and automatically operated dampers shall include a
means for indicating externally the position of the blades.  Manual dampers shall
include a device for positioning and locking the damper blades.  The positions of all
dampers 'as-set' after final regulation shall be indelibly marked at the adjusting
device.

Each air volume control damper in the ductwork shall be fitted with a non-corrodible
label stating the actual air flow in m3/s when in the fully open position, its overall
cross sectional area, and the degree to which the damper has been closed in order to
achieve the design or actual air flow.

Unless otherwise indicated, quadrants and operating handles shall be of die-cast
aluminium or other material approved by the Architect with the words 'OPEN' and
'SHUT' cast on the quadrant.

Quadrants shall be securely fixed and the damper spindles shall be closely fitted in the
quadrant hubs to prevent any damper movement when the damper levers are locked.

Access openings with readily removable air sealed covers shall be provided adjacent
to all dampers.  Subject to limitations of ductwork size the dimensions of access
openings shall not be less than 300 mm x 300 mm and they shall be located so as to
afford easy access for inspection and maintenance.

C2.9 BUTTERFLY, BIFURCATING AND MULTILEAF DAMPERS

Butterfly dampers shall each consist of two plates, edge seamed, of at least the
same thickness as the material from which the associated ductwork is made, and
rigidly fixed to each side of a mild steel operating spindle, the ends of which shall
be turned and housed in non-ferrous bearings.

Bifurcating dampers shall be of 2 mm thick sheet for sizes up to 450 mm square,
for larger sizes the thickness shall be as specified.  The damper blades shall be
rigidly fixed to square section mild steel spindles, the ends of which shall be turned
and housed in non-ferrous bearings.

Each leaf of a multileaf damper shall consist of two plates of material of the same
thickness as the associated ductwork and rigidly fixed to each side of an operation
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spindle, the ends of which shall be housed in brass, nylon, oil impregnated sintered
metal, PTEE impregnated or ball bearings.  The ends of the spindles shall be linked
so that one movement of the operating handle shall move each leaf for an equal
amount.  The mechanism shall be located outside the air stream.

For system static pressure below 1000 Pa or ductwork velocity below 12 m/s, blade
of at least 50 mm wide shall be used.  For static pressure at or above 1000 Pa, at
least 100 mm wide blade shall be used. Central blade reinforcement bar shall be
provided for damper span longer than 1500 mm.  Single module of a damper shall
not exceed 2000 mm width and 1000 mm height.

Alternatively, multileaf damper blades may be of a single plate, at least 1.6 mm thick
and suitably stiffened, and the blade linkages may be within the ductwork.  These
dampers shall have bearings and inspection doors as specified in Sub-section C2.8.

C2.10 SELF-CLOSING (NON-RETURN) DAMPERS

Self-closing dampers shall present a minimum resistance to air flow under running
conditions and take up a stable position in operation.  Maximum resistance shall be
presented under reverse air flow conditions such that they will be forced to close
and remain so.  Resilient strips or other purpose made devices shall be provided to
prevent the damper from rattling and as an aid to air sealing under reverse flow
conditions.

Blades shall be rigidly constructed of steel or aluminium sheet of not less than 0.8
mm (22 gauge) and shall be free of all buckles.  Blades of less than 300 mm in
height shall be fitted with a 3 mm (10 gauge) bright steel spindle at each end.
Blades of 300 mm and over in height shall be fitted with a 8 mm bright steel
spindle at each end.  Spindles shall be carried by sealed ball bearings.  Bearing shall
be accessible for cleaning and lubrication and shall be mounted in a rigid
galvanised steel frame.  The maximum length of each blade without a central
bearing shall be 1000 mm.

C2.11 FIRE, SMOKE AND COMBINED FIRE SMOKE STOP DAMPERS

C2.11.1 Fire and Smoke Stop Dampers

Fire or Smoke dampers shall be provided in ductwork in the following
locations:-

(a) Wherever a ductwork passes through a floor slab or a fire
resisting wall which is expressly built for the purpose of
preventing the spread of fire.

(b) Other locations where requirements of compartmentalisation
are stipulated in the Code of Practice for FRC under the
latest edition of the Building Ordinance of Hong Kong.

(c) Other locations as required by the Particular Specification
and the Drawings.
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Fire or Smoke dampers used singly or in combination shall have an
overall fire rating not less than that indicated and certainly not less than
that for the wall or floor slab in which they are situated.

In all cases, evidence of fire rating in accordance with ISO 10294
Classification E (BS 476 part 8) or NFPA 90 A with 2-hour UL fire
damper label shall be provided by an independent testing organisation
approved by the Architect.  All Fire or Smoke dampers shall also be
approved by the Fire Services Department.

Fire or Smoke damper blades of proprietary made shall be constructed to
the approved and recognised testing authority and posses a rating
equivalent to the fire resistance of the structure it protects.

Local made fire or smoke damper blades shall comply with the
requirements of the Circular Letters issued by Fire Services Department
and the Building Ordinance of HKSAR.  These blades shall be housed in
a corrosion resistant casing constructed to avoid distortion due to stress
in fire conditions. Stainless steel spring tempered flexible gasket shall be
inserted between the blade and the casing for elimination of closing
friction and retardation of smoke.  Provision shall be made to
accommodate expansion of the damper blades within the casing in fire
conditions to prevent jamming and to retard the spread of smoke.  A Fire
or Smoke damper installation frame supplied by the same manufacturer
shall also incorporate provision for expansion within the surrounding
structure together with masking flange for building into the structure.

Fire or Smoke damper assemblies for installations in corrosive
environments shall be fabricated from suitable materials resistant to the
corrosive substances and environments indicated. Alternatively, the
material may be coated with a protective finish to produce the same
effect.

Power fail-safe remote electromagnet release shall be provided to
explosion hazardous areas.  The electromagnet shall normally not
consume more than 10mA by 220V AC supply or 120mA by 24V
AC/DC supply.  The Contractor shall be responsible for the power fail-
safe fire dampers to the fire control relay at the fire service control panel.

Each Fire or Smoke damper casing shall be air tight, continuously
welded and clearly marked with a permanent indication of the direction
of air flow and the side at which the access/maintenance opening is
located.

The folded continuous interlocked blade type of damper may be used for
vertical or horizontal ductwork applications.  The closing force for these
type of dampers shall be provided by stainless steel spring or springs.  An
automatic locking device shall be provided to ensure that the blades are
held in the closed position after release.

Spring actuated pivoted single-bladed or multi-bladed dampers may be
used for vertical or horizontal ductwork applications.
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Multi-bladed dampers shall be provided with a means to ensure that all
the blades close simultaneously.

Gravity operated multi-bladed fire dampers shall not be used in vertical
ductwork.

Gravity operated single bladed dampers may be used for horizontal
ductwork provided means are incorporated which ensure reliable and
positive closure when operating in maximum air flow rate conditions.

Locally fabricated gravity fire dampers shall be provided with a coaming or
casing of the same material and shall be physically bolted to the structure
through which the ductwork penetrates.

Fire or Smoke dampers shall be rated in accordance with the fire rating of
the wall, ceiling or floor etc. as shown in the drawings and the Particular
Specification, to the requirements of the Fire Services Department and
acceptable by the Architect.

For locally fabricated fire dampers, the thickness of metal for the dampers
shall comply with the Circular Letters issued by Fire Services Department
and the Building Ordinance of HKSAR.

Where gravity acting off-centre pivoted dampers incorporate spindle
bearings long term corrosion effects shall be minimised by the choice of
suitable materials. Bearings shall be sealed or capped to exclude dirt and
dust.  Damper blades shall close to comply with the stability and integrity
requirements of ISO 10294 Classification E (BS 476 Part 8).

For high velocity air systems, fire/smoke dampers shall provide 100%
free area when damper blades are in the open position to give minimum
interference to the air flow.

Unless otherwise indicated, each Fire or Smoke damper shall be held in
the open position by a corrosion resistant retaining device incorporating a
fusible element which shall operate at a temperature of 69 oC, unless
otherwise indicated.

Fire or Smoke dampers shall be located in a position and be of a type
which could facilitate periodic one handed manual release and re-setting
for test purpose.

Proprietary access doors shall be installed adjacent to each Fire or Smoke
damper and, in the case of conditioned air or kitchen exhaust ductwork,
the access doors shall be encapsulated and pre-insulated.

C2.11.2 Combined Fire and Smoke Stop Dampers

Combined fire and smoke stop dampers shall be tested to ISO 10294
classification ES and approved by the Fire Services Department.

The dampers shall be of stainless steel, aerofoil bladed construction with
the blades held in stainless steel bearings and framed in stainless steel
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spring tempered flexible gasket.  The blades shall have trailing edges
forming an interlocking metal to metal seal when the blades are closed,
providing tight, low leakage closure of the air path and maximum
impedance to the passage of smoke and products of combustion from
either flow direction.

The blades shall be driven by externally mounted and totally enclosed
stainless steel gearbox and drive mechanism providing accurate blade
control with minimum torque and without accumulative backlash.

The damper casing shall be of double-skin galvanized steel construction
with continuously welded corners and integral spigot connections. The
dampers shall be supplied complete with the manufacturer-installed
frames.

Each damper shall have an externally replaceable combination thermal
actuator and fusible link completely exposed to the air stream.

In addition to the thermal actuation/fusible link, the damper shall be
normally held by electromagnetic device with power rating of not more
than 3.5W.  The damper shall be released to the closed, or fail-safe
position within 1 second by an independent closure spring on loss of
power supply, either by genuine power failure or by the zone fire signal
actuated by the smoke detection system.

The damper shall be automatically reset on resumption of power supply
by built-in motor of 220V AC or 24V AC/DC.

The whole control mechanism and actuation shall be of the same
manufacturer and mounted inside a totally enclosed casing for protection
against airborne contamination and to ensure unique reliability.

For smoke extraction at 250oC for 1 hour application, damper control
actuator shall be totally shielded by a proprietory thermal insulation
jacket.  The whole damper assembly shall have undergone a high
temperature operation test followed by a leakage test at 1500Pa
differential pressure and ultimately approved by the Fire Services
Department.

Leakage rate shall be tested in accordance with UL555S.

Fire rating shall be to BS 476 and the whole damper assembly shall have
undergone a temperature exposure test by an independent laboratory in
accordance with the temperature and duration as indicated in BS 476.
Test report shall be submitted to the Architect for reference.

C2.12 MOTORIZED SHUT-OFF DAMPERS

Motorized shut-off dampers shall be similar to fire/smoke dampers and shall be
open or close by motorized mechanism.  Each of the damper shall be in “Open”
position normally, but shall be closed in case of fire.  The motorized mechanism
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shall be actuated by associated automatic fire detectors. Air leakage rate for
motorized shut-off dampers shall be tested according to EN 1751 Section 4.

C2.13 TERMINAL DAMPERS

Grilles and air diffusers with rectangular neck connections shall be provided with
an opposed blade damper, screwed or riveted to the neck connection and designed
specially to facilitate final balancing of the system.

Damper frames, blades and operating mechanism shall be constructed from an
aluminium alloy or, alternatively, formed mild steel suitably finished to give
protection to the material during the design working life.

Blades shall be made of solid section material and shall be firmly held in position
by a spring steel retaining mechanism.  The blade setting mechanism shall be
accessible through the grille or diffuser blades and shall be suitable for operation
with an “Allen” key.  Where dampers are visible through the grille or diffuser they
shall be finished with a matt black paint.

C2.14 ACCESS DOORS AND PANELS TO DUCTWORK, CABINETS, COLD
STORES

Unless otherwise indicated, locally fabricated Access Doors or Panels shall be
constructed of marine plywood on seasoned teakwood frames in accordance with
the Architect's issued Standard Details, suitably insulated where necessary and
finished with at least three coats of shellac, lacquered and polished.

The insulation in the door shall be equal to that of the ductwork or cabinet into
which it is installed.  When closed, the door shall be effectively vapour sealed.

On doors through which a man can pass, the opening handle must also be operable
from the inside of the door.

Access doors and panels on factory made equipment shall be approved by the
Architect.

All fittings and screws shall be made of brass.

Access doors or panels to ductwork heaters shall be constructed in accordance with
the Architect's issued Standard Details for ductwork heaters.

Access doors shall be of proprietary manufacture, double-skin, 25 mm sandwich G.I.
construction with fibreglass or CFC-free foam insulation infill.  Access doors shall be
of lift off type having a minimum of 4 cam-lock action retaining locks for fixing to
ductwork frame. Gaskets shall conform to DW/144 & 143.  Access doors shall be
supplied and fitted with retaining chain tied back to the frame.  Multiple screw fixings
shall not be allowed.
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C2.15 DUCTWORK FLANGES

All rectangular ductwork shall be flange joints.  Flanges shall be of a proprietary
type, tested and certified for air leakage and deflection to DW/144.  Certificates
must be submitted during the equipment submission period.

The proprietary ductwork flanges shall be roll-formed from zinc coated hot-dipped
galvanised sheet metal to BS EN10142 Grade DX51D+Z, coating type ZF180.
Flanges shall be constructed with prefabricated flange profile consisting of
manufacturer provided integral sealant with corner joints inserted into the end of the
flange profiles and the whole frame shall be firmly secured including the corner
component.  The already established ductwork flange shall be fastened into the
associated ductwork with spot welding.  Gaskets strip shall comply with BS 476 Part
7, Class 1 and ductwork sealant to BS 476 Part 7, Class 2 shall be applied at the
flange joints and corner joints respectively to ensure maximum leakage-proof.  All
sealant used shall be fire proof and vermin proof, non-toxic and acceptable to the Fire
Services Department.

Sealant and gaskets shall be provided by the flange manufacturer.

C2.16 DUCTWORK CLEANING POINTS

The ductwork cleaning point shall generally be of a type consisting of a 50 mm
diameter metal flange with a 20 mm diameter hole closed with an air-tight screwed
plug through which inspection, cleaning and disinfection of the ductwork can be
carried out.

The ductwork cleaning point shall be of proprietary product, so constructed and
installed that no cold bridge which cause condensation will occur.

C2.17 TEST HOLES

Test holes shall be provided wherever necessary for effective balancing and testing,
whether these provisions are shown in the Drawings or not.  Test holes shall be of
25 mm diameter and fitted with an effective removable sealed cap.  Test points
shall be provided for all dampers and items of equipment to enable fan duties and
items to be assessed and for the commissioning of the system.

C2.18 TRANSFER DUCTWORK

The internal lining material shall be in accordance with Sub-section C8.7 of this
General Specification.
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SECTION C3

AIR HANDLING AND TREATMENT EQUIPMENT

C3.1 GENERAL

C3.1.1 Fans shall comply with quality standard ISO9001/9002 and be 'type'
tested in accordance with the requirements of BS 848 (or related content
of ISO5801, 5136 &13351).  The Contractor shall submit the make and
type of each fan together with the 'type' test certificate for the Architect's
approval.  The origin of the fan shall be from the country where the 'type'
test was conducted.

C3.1.2 All fans should be constructed to a fully developed design and shall be
capable of withstanding the pressures and stresses developed during
continuous operation at the selected duty.  Additionally, all belt driven
fans shall be capable of running continuously at 10% in excess of the
selected duty speed.

C3.1.3 Fans shall be selected to give the air volume flow rates and sound power
levels specified in the Contract Documents.  Fan performance curves
giving values of sound power levels and fan efficiency at the selected
duty shall be provided with the tender.  Values of resistance to airflow of
items of equipment, ductwork and/or the total distribution system
indicated in the Contract Documents are based on basic design
assumptions, the Contractor shall verify these values based on the actual
equipment offered and installed and to provide fans capable of delivering
the required air volume when operating against the actual total installed
system resistance.

C3.1.4 Fan Construction

(a) Centrifugal fans having dimensions over 1000 mm in any
direction shall have split casing for easy removal and repair.

(b) The shaft and impeller assembly of all centrifugal, axial flow
and mixed flow fans shall be statically and dynamically
balanced.  All propeller fans shall be statically and
dynamically balanced.  Limits of vibration severity shall be
in accordance with BS 4675 Part 1.

(c) Fan shall be equipped with self-aligning bearings suitable for
the installed altitude of the fan.  They shall be of the
grease/oil ball and/or roller type or alternatively oil
lubricated sleeve type.  All bearing housings shall be
precisely located in position and arranged so that bearings
may be replaced without the need for realignment.  Bearing
housings shall be protected against the ingress of dust and,
where fitted with greasing points, they shall be designed to
prevent damage from over-greasing.  For grease lubricated
systems the bearings shall be provided with grease of the
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amount and quality as recommended by the bearing
manufacturer.  For oil lubricated systems the housings shall
provide an adequate reservoir of oil and shall include a
filling plug and be oil tight and dust proof.  Systems other
than total loss types shall include an accessible drain plug.
All bearing lubricators shall be located to facilitate
maintenance.  Extended lubricators outside the fan casing
shall only be required if sealed for life bearings are not
incorporated.

C3.1.5 Fan and motor for smoke extraction and staircase pressurization
ventilation system shall be suitable for smoke handling of 250oC and
above, and all control and power wiring shall be of the MICS type. The
latest requirements specified by Fire Services Department shall also be
complied.

C3.2 AIR HANDLING UNITS (AHUs)

C3.2.1 General

Each type of equipment offered shall be the product of a manufacturer
who has made similar product for a period of at least five years. Each
equipment for a project shall have all its parts and components supplied
from one single manufacturer.

Individual components forming part of the air handling unit shall, in
addition to this section, comply with the appropriate sections contained
elsewhere in this General Specification.  Air handling unit  shall  comply
with quality standard ISO9001/9002 and be 'type' tested.  The Contractor
shall submit information on the make and type of each unit together with
the 'type' test certificate for the Architect's approval.  The fan, motor and
the driving system shall be proprietary products from the country of
origin where the 'type' test was conducted.

C3.2.2 Construction

AHU assemblies shall be of rigid double skin fully modular construction
with each section having matching cross sectional dimensions and same
construction type.  All individual components and sections shall be
assembled using proprietary and approved fastening techniques. Locking
devices shall be used with all fastenings which are subject to vibration.
Air leakage of the assembled unit shall be to HVCA Standard DW/144
Class B or EN1886:1998 Class B.

Each module shall be supported by rigid galvanized steel post frame or
extruded aluminium alloy framework or other composite material frame
as specified with thermal break design and flush mounted with
dismountable sandwich panel, corrosion resistant treated and
strengthened where necessary to prevent minimum deflection and
drumming even at 2500 Pa differential pressure.  The post frame and
corner pieces shall be fixed together to provide strength equal to welding.
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The removal of the side panel shall not affect the structural integrity of
the unit.

The construction of the unit shall be such that the inner surface of the
unit is thermally broken from the outside surface without any cold bridge
formed.  The frame member and corner piece shall be internally insulated
with close cell elastomeric insulation or other approved insulation.  The
double skin or sandwich panel shall be no less than 25 mm thick with
injected expanded polyurethane foam insulation or other approved
insulation encapsulated by epoxy or approved coated finishing solid
sheet steel.  Non-hydroscopic sealing shall be provided between the
panel and the framework. The width of the frame member & corner piece
shall be the same as the thickness of the panel.

The whole construction shall be hygienically designed and the internal
surface shall be smooth to avoid any framework protrusion inside the
casing.

Casing material shall not be less than the thickness as shown in Table
C3.2.2 unless otherwise specified in the Particular Specification and
methods of strengthening and fastening shall ensure that air handling
assemblies are not less but preferably more rigid in operation than the
distribution duct to which they connect.  Other material thickness is
acceptable provided that the Contractor can provide detailed calculation
demonstrating that the casing and framework construction is more rigid
than the specified thickness.

Table C3.2.2 Minimum material thickness for AHU casing

Component Minimum material thickness (mm)

Steel framework 2.0

Cooling coil casing 1.6

Panel for polyurethane
insulation (each face)

0.8

Other 1.2

All metal surfaces must be properly treated and suitably painted.
Galvanized sheet metal finish is not acceptable.  External wall shall be
galvanised steel, chemically treated, pre-coated with primer and plastisol
topcoat.

C3.2.3 Fan

Fan/motor assembly shall be mounted on a common framework inside
the fan section.  The fan discharge shall be isolated from the casing by a
flexible connection. Fan shall be driven by at least two-belt arrangement.
Selection of fan and motor shall be at their peak operating efficiency. Fan
motor shall be supplied and installed by the AHU manufacturer unless
otherwise specified.

C3.2.4 Access Doors
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These shall generally be as detailed for acoustically treated doors
described in the relevant content of Section C8.  They shall also meet
with the insulation requirements stated in the relevant content of Section
B11 & C11. The access doors shall be 600 mm wide and vertically sized
for the full height of the unit or 600 mm wide by 1500 mm high where
the unit height exceeds 1500 mm.  Quick access doors shall be provided
for filter section, coil section, transfer section, humidifying section,
damper section, etc. Heavy duty double hinges and two quick release
fasteners shall be provided for all quick access doors.

Where return or fresh air ductwork connects to air handling units, access
to the filters shall be through side access panels at the filter chambers.

C3.2.5 Component Separation

Sections of packaged units shall be arranged with adequate separation to
avoid re-evaporation of condensate from the cooler by any heating coils
installed to generally promote even air distribution across the face of all
components and to allow better access for maintenance.

C3.2.6 Anti-Corrosion Treatment

Where units incorporate humidifying plant and/or cooler batteries, the
internal surfaces of the units liable to be affected by moisture shall be of
non- ferrous materials or galvanized mild steel sheet. The G.I.metal
sheets shall be protected by at least two coats of anti-corrosion epoxy
resin paint, colourcoat, or other approved finish applied in the factory.
Field painting after the installation is not accepted.

Note : Colourcoat, a plastic coated steel panel, has a life expectancy in
excess of 40 years in normal environments.  The coating is tough and
scratch resistance and is applied over a PRIMER and GALVATITE
substrates for even better corrosion resistance.

C3.2.7 Thermal and Acoustic Insulation

The unit shall be cold bridge free without sweating even under ambient
conditions of 35oC and 98% RH.  Thermal insulation shall be expanded
polyurethane foam or other approved material having a thermal
conductivity not greater than 0.02 W/moC rated at the operating
temperature.  The insulation shall provide a high degree of noise
attenuation.  Insertion loss through the panels shall be sufficient to
achieve a 25 dB and 27 dB reduction at 63 Hz and 125 Hz octave bands
respectively.

Insulation of sufficient thickness not less than 25 mm shall be selected
and applied to prevent surface condensation at design conditions and to
minimize noise attenuation. Thermal insulation shall be securely fixed to
or built into all sections of plant and equipment handling heated or
cooled air.  Where appropriate, a vapour barrier shall also be provided.
Thermal and/or acoustic insulation characteristics and fixings shall be in
accordance with Sections B11 & C11 and B8 & C8.
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Particular care shall be taken to ensure surface protection of internal
insulation in areas where free moisture may be present and to avoid
damage in sections having walk-in access. Adequate lighting complete
with door operated switch equipped at the factory shall be provided for
AHUs with handling capacity greater than 5 m3/s.

C3.2.8 Air Filters

The filter section shall be provided by the air handling unit manufacturer
or specialist manufacturer of filter holding frame approved by the
Architect.  The construction of filter section shall comply with the
requirements of Sub-section C3.2.2 and shall ensure that there will not be
bypass of un-filtered air. The filter section consisting of the filter
elements and the filter fixing frames must have a positive means of
sealing off the unfiltered air by-passing the filter elements.

Intermediate bag filter or HEPA filter with 50 mm thick permanent
washable pre-filter shall be provided. HEPA filter and bag filter
cartridges shall be mounted on non-corrosive aluminium or stainless
steel tightness proof holding frame for side service or front release
depending on the restriction of access. Neoprene gaskets shall be
provided along the contact surfaces of the filter element and the holding
frame. Filter cartridges shall be clamped against the slide rails with
spring type clamping devices. The spring clamping devices shall be
released by a single acting pneumatic cylinder for insertion or removal of
the filter elements.

A test groove shall be provided on the filter seat of the holding frame of
each filter element with a testing port for the connection to a portable
tightness testing device provided by the Contractor. The portable
tightness testing device shall comprise the followings :

(a) A volumetric flow meter to measure leakage flow rate from
0.01 to 0.15 l/min.

(b) A volumetric flow meter to measure leakage flow rate from
0.15 to 1.5 l/min.

(c) Hand-pump.

(d) Connection for external compressed air system (max. 1.1
bar).

(e) Pressure gauge for hand-pump and external system.

(f) Connection tube linking the testing device and the tightness
proof frame.

(g) Throttle valve.
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Air by-pass preventive devices and testing facilities other
than the above shall be submitted for the Architect’s
approval.

A sample of the whole air-tight filter frame shall be delivered
to site for the inspection and approval by the Architect prior
to bulk manufacturing of AHU (50 nos. or more) or
otherwise as specified in the Particular Specification.

The filter shall not be located any closer than 500 mm to
electric heaters or water heating battery.

The following air filters shall be provided in accordance with
the application of the air handling system:

Table C3.2.8(g) – (1) Pre-filter

Application Arrestance % (A)
BS EN779

For use where grease or
moisture is prevalent

80 > A ≥ 65

General ventilation system
suitable for sport halls,
swimming pools, ice rinks,
garages, plant rooms,
laundries

90 > A ≥ 80

General ventilation system
suitable for office,
auditoria, law courts, TV
studios, hall and lobby,
kitchens, station
concourses, etc.

A ≥ 90

Table C3.2.8(g) – (2) Intermediate filters

Application Efficiency % (E)
BS3928 (or EN779)

General ventilation system for
church, hotel

80 > E ≥ 60

General ventilation systems
suitable for foyer, dressing room,
bar/lounge, restaurant, library,
office, building society,
department store, supermarket,
airport

90 > E ≥ 80

General ventilation system
suitable for museum/art gallery,

95 > E ≥ 90
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computer room.

General ventilation system
suitable for hospital, research
laboratory

E ≥ 95

Table C3.2.8(g) – (3) High efficiency and HEPA filter

Application Efficiency % (E)
BS3928 (or EUROVENT
4/4 & 4/5)

Special ventilation systems
for hospital, clean room,
research laboratory

99.999 > E ≥ 95

The quantity of spare filter shall refer to Sub-section C1.14.

C3.2.9 Air Cooling Coils

(a) General

Cooling coils shall be mounted on non-corrosive aluminium
slide rails.  Coil sections shall be arranged to provide
removal of coils from the access side of the section.  Air
cooler casings shall be of galvanized sheet steel not less than
1.60 mm thick with flanged ends drilled and corrosion
treated to receive counter flanges on connecting ductwork or
other associated equipment.  The bottom of casings shall be
made in the form of a watertight drip tray from American
Iron Steel Institute 316 stainless steel after manufacture.
Water shall not be carried over from a cooling coil into the
remainder of the system and an eliminator section shall be
provided, wherever necessary or indicated.  The drip tray
serving the cooling coil shall be extended or a separate tray
be provided to collect water from the eliminator.  Drip trays
shall be sloped towards a bottom drain connection and
pipework shall be installed from each connection to the
nearest sump or gully.  The drain tray shall be accessible for
cleaning without the coil having to be removed.  The drain
pipework shall include a water seal of adequate depth to
prevent entry or exit of air to or from the system.  A separate
drip tray shall be provided for each 1.2 m depth of coil.  On
stacked coil, intermediate drain troughs shall be provided.
All drip trays shall be adequately insulated with durable,
non-smell and non-peeling under cooling/heating and air
flow design conditions.  Sealing devices shall be provided at
tops and bottoms of coils to minimize air by-pass and water
carry-over.
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Cooling coils shall utilise the full unit available cross
sectional area.  Cooling coils shall be constructed from one
of the following combinations: -

(i) Copper tubes expanded into aluminium fins.
(ii) Copper tubes expanded into copper fins.
(iii) Tinned copper tubes expanded into aluminium fins.
(iv) Copper tubes expanded into tinned copper fins.
 (v) Copper tubes expanded into plastic coated aluminium

fins.

Tube thickness shall not be less than 0.45 mm.  Fin thickness
shall not be less than 0.24 mm with suitable fin spacing.

(b) The resistance to airflow through a cooler battery shall not
exceed 125 Pa taking into account the wet air condition.  The
face velocity of airflow shall not exceed 2.5 m/s.

(c) Air cooling coils shall be supported such that their weight is
not transmitted to ductwork and they can be removed without
disturbing adjacent ductwork.  Access doors with air seals
shall be provided on both the upstream and downstream of
the cooling coils and shall be sized for the full height of the
connecting ductwork but need not exceed 1800 mm.

(d) Before leaving the manufacturer’s works cooling coils shall
be proof tested at 26 bar and leak tested at 17 bar.

(e) The number of rows of coil for primary air handling unit
shall not less than eight rows and for other air handling units
shall not less than six rows. Details performance calculation
with safety margin shall be submitted for Architect’s
approval for coil row less than the above specified

C3.2.10 Chiller Water Connections to Cooling Coils

The flow and return connections and headers shall be made of heavy
gauge seamless flanged copper tube.  Provision shall be made for thermal
expansion of the tubes, for effective venting of the coils and their
connections and for the draining of the headers and tubes.

Coil connections shall be arranged so as to enable same side connections
to the flow and return pipework, and to have the supply and return
connections to headers to give counter flow of air and water. Equal flow
of water shall be through all the tubes in the coils.

(a) Up to and including 50 mm bore connections may be made
using ground-in spherical seated unions.  Pipework of 65 mm
bore and above shall be connected using flanged joints.
Isolating valves shall be provided on flow and return
connections and arranged so as to facilitate easy removal of
the cooler.
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(b) For rigidity, the short pipe length connecting the copper coil
header and the external G.I. or black steel pipe work shall be
stainless steel pipe having the same bore size as the copper
header.

C3.2.11 Hot Water and Steam Air Heating Coils

(a) General

Casings shall be of galvanized sheet steel not less than 1.60
mm thick with angle framing at each end drilled ready to
receive the counter flanges on the connecting ductwork.
Heaters shall be supported so that their weight is not
transmitted to ductwork and so that they can be removed
without disturbing adjacent ductwork.  Access doors with air
seals shall be provided on both the upstream and the
downstream sides of the heating coils and shall be sized for
the full height of the connecting ductwork of AHU section
but need not exceed 1800 mm.

(b) The heating coil shall be of one of the following types as
indicated :

(i) Copper tubes with non-ferrous fins, fitted into copper
or bronze headers.

(ii) Copper tubes with non-ferrous fins, fitted into steel or
cast iron headers.

(iii) Mild steel tubes with mild steel fins, fitted into steel
headers, the whole protected against corrosion.

(c) The performance of heating coils shall be as indicated and
the method of testing for rating of the coils shall be in
accordance with BS 5141 Part 2.

(d) For C3.2.11(b)(i) and (ii) above, the copper tubes shall
comply with the test requirements as specified in BS
EN1057, and the secondary extended heating surface shall be
of either aluminium or copper as indicated.  For
C3.2.11(b)(iii) above, the steel tubes shall comply with the
requirements of BS 1387 (or ISO65).  The secondary heating
surfaces shall in all cases be in continuous mechanical
contact with the primary heating tubes.

(e) The flow and return headers shall be arranged to ensure an
equal flow of water through each tube.  For pressures up to
and including 350 kPa, connections of 50 mm bore and
below shall be made to heater coils using ground-in spherical
seated unions.  The connections to heating coils of 65 mm
bore or greater, and for all sizes where the pressure exceeds
350 kPa, shall be flanged.  Provision shall be made for
thermal expansion of the tubes, for effective venting of the
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coil and connections and for draining.  Isolating valves shall
be provided on inlet and outlet connections, arranged to
facilitate easy removal of the heating coil.  On any system
where the air static pressure at the heater exceeds 500 Pa
cover boxes shall be provided over the headers and bends, to
minimize air leakage.

(f) The resistance to airflow of the heating coil shall not exceed
65 Pa and the face velocity shall not exceed 4 m/s.

(g) Before leaving the manufacturer’s works the heating coil
shall be tested with air under water to 1½ times the working
pressure or to 700 kPa, whichever must be the greater and a
test certificate issued.

C3.2.12 Electric Type Air Heater Coils

(a) Electric air heaters shall consist of a number of sheathed
heating elements of the enclosed type mounted in a sheet
steel casing.  The elements shall be so installed that they can
be removed for cleaning or renewal without dismantling
ductwork.  The surface temperature of the elements shall not
exceed 400oC when measured in an air flow of 2.5 m/s at
ambient temperature.  A high temperature limit cut-out
device with hand reset button shall be incorporated such that
the limit device sensor is nearest to and above the heating
elements which are energized by the first control step.  The
device shall operate within two minutes at a temperature of
68.5oC.

(b) The control of electric air heaters, except for remote
boosters, shall be interlocked with the fan motor starters and
an air flow control of the pressure or sail switch type so that
the heaters cannot operate unless the fan is running.

(c) Electric air heaters which are installed as boosters in branch
ducts remote from the fans shall have an air flow control of
the pressure or sail switch type which shall isolate the
heating elements from the electricity supply in the event of
the failure of air flow.

(d) The number of elements in the heater shall be the same as or
a multiple of the number of steps in the controller.  All
heaters and heater sections of more than 3 kW loading shall
be balanced over 3 phases and the complete heater bank shall
be arranged for balanced operation on a 3-phase 4-wire
system.

(e) The connections from each element shall be taken to a
readily accessible terminal box arranged for conduit entry.
Each heater section shall be separately fused and the neutral
point of all 3-phase star-connected sections shall be brought
out to a link in the terminal box.  Near hot areas the wiring
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insulation shall be of a quality suitable for the maximum
working temperature.

(f) The total resistance of the heater to airflow shall not exceed
15 Pa and the face velocity shall not exceed 6 m/s.

Note for energy efficiency design: Heating by hot water from waste heat
reclaim or from heat pump system aiming for high operating efficiency
should be considered. The detail of the heating battery is as shown in
Sub-section C3.2.11 above and the requirement shall be as described in
the Particular Specification to suit the system design.

C3.2.13 Humidification Equipment

Steam humidifiers shall be used.  They shall be of the steam injection
type using electric elements/electrodes or be of the evaporative pan type
with a minimum efficiency of 95%.  Steam available from a central plant
may also be used.

It shall be possible to isolate the electrical supply from the
elements/electrodes and they shall be arranged to facilitate removal for
maintenance and replacement.  Electric heating elements shall
incorporate a high temperature cut-out and shall be interlocked to break
the electrical circuit on low water level.  Steam injection distribution
pipes shall be provided for condensate return and be so designed and
installed that free moisture is not carried over into the air stream.  Steam
generating equipment, other than remote central plant, shall be an
integral part of a purpose-made humidifying unit and shall incorporate
automatic water-level control, overflow protection and drain
connections. Automatic intermittent or continuous blowdown shall be
incorporated as appropriate.

The evaporative pan type humidifier shall be positioned so that it is not
affected by the radiant heat from heater batteries.

C3.2.14 Additional Modular Sections

Additional modular sections shall be provided with ease for the
accommodation of ultra-violet steriliser, heat wheel or other devices as
specified for the improvement of air quality and energy efficiency.

C3.3 AXIAL FLOW FANS

C3.3.1 Axial flow fans shall be of either the single-stage type or the multi-stage
contra-rotating type with each impeller mounted on an independent
motor.

C3.3.2 Casing shall be rigidly constructed of mild steel stiffened and braced to
obviate drumming and vibration.  Cast iron or fabricated steel feet shall
be provided where necessary for bolting to the base or supports.  Inlet
and outlet ducts shall terminate in flanged rings for easy removal.
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C3.3.3 The length of the duct casing shall be greater than the length of the fan(s)
and motor(s) in order that the complete section may be removed without
disturbing adjacent ductwork.

C3.3.4 Electrical connections to the motor(s) shall be through an external
terminal box secured to the casing.

C3.3.5 Impellers shall be of galvanized steel or aluminium alloy; the blades shall
be secured to the hub or the blades and the hub shall be formed in one
piece.  The hub shall be keyed to a substantial mild steel shaft carried in
two bearings and the whole statically balanced. Unless otherwise
indicated blades shall be of aerofoil section.

C3.3.6 Where axial flow fans are driven by a motor external to the fan casing
the requirements of the relevant content in Sections B7 & C7 for pulleys
and for V-belt drives and guards shall be met.  Unless otherwise
indicated a guard is not required for any part of a drive which is inside
the fan casing.  An access door of adequate size to facilitate inspection,
cleaning and other maintenance shall be provided.

C3.3.7 Where axial flow fans of the bifurcated type are indicated the motors
shall be out of the air-stream and shall normally be placed between the
two halves of the bifurcated casing in the external air.  Where hot gases
or vapours are being handled the motor and the bearings shall be suitable
for operation at the temperature they may experience. The bifurcated
section containing the motor shall be mounted vertically in order to
maximise convection air flow over the motor.

C3.4 CEILING FANS

C3.4.1 Dimensions

The sweep diameter of the units shall be 1200 mm or as otherwise
indicated.

C3.4.2 Capacity

The 1200 mm unit shall be capable of an air delivery of 3.9 m3/s or as
otherwise stated.

C3.4.3 Duty

(a) The unit shall be suitable in all respects for operation under
ambient air conditions of 40°C and 95% RH.

(b) The unit shall be suitable for operation in 220 V, 50 Hz
single phase AC mains.

(c) The unit shall be designed for heavy duty commercial and
domestic usage.
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(d) The fan shall operate without generating unnecessary noise at
all speeds.

C3.4.4 Motor

(a) The motor shall be a totally enclosed, capacitor run induction
motor, with internal stator and external squirrel cage rotor.

(b) The rotor shall be mounted in grease lubricated ball bearings.

(c) The power factor shall not be less than 0.85 at any speed.

(d) The motor shall be rated for continuous operation under
ambient air conditions of 40°C and 95% RH and the
temperature of the windings shall not exceed 50°C after two
(2) hours of continuous operation.

(e) All electrical components, cables etc. shall conform to the
appropriate specifications or shall be of fully equivalent
quality and capacity.

C3.4.5 Blades

(a) The fan shall be fitted with three (3) blades.  "Twisted"
blades are preferred.

(b) The blade assemblies shall consist of blades manufactured
from heavy gauge aluminium securely riveted to steel blade
carriers.

(c) The blade carriers shall be manufactured from mild steel
plate of not less than 3 mm in thickness and of not less than
40 mm width at the narrowest point, pressed to shape.

(d) Where the blade carriers are twisted to give the required
angle of incidence to the blades, there shall be large radius
bends to prevent stress concentrations in the blade carriers.

(e) Anti-vibration bushes shall be installed between the blades
and blade carriers.

(f) The blade carriers shall be securely fastened to the frame of
the motor by machine screws and spring washers, the whole
assembly shall be designed and constructed to ensure that
there is no possibility of a blade becoming detached during
operation.

C3.4.5 Terminals and Capacitor

(a) The plastic terminal block and capacitor shall be mounted in
a ferrous metal connecting piece, located between the fan and
the down-rod.  The leads from the stator windings shall be
connected to the terminal block.  An earthing terminal,
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consisting of a round head brass, screw and washer, shall be
provided on the connecting piece.  All exposed metal parts of
the fan unit shall be connected to this earthing terminal.

(b) The bottom portion of the connecting piece shall be screwed
on to the shaft of the motor.  The connecting piece shall be
tightened onto a shoulder formed on the motor shaft.  A 4
mm minimum thickness steel hexagonal lock-nut with lock
bracket underneath shall then be fitted and tightened in
position.  The connecting piece shall additionally be screwed
in the fully tightened position by two hardened steel grub
screws.  These screws shall engage in shallow depressions
drilled in the shaft after the connecting piece has been
tightened in place to ensure positive locking.

C3.4.7 Down-Rod Assembly

(a) The down-rod assembly shall consist of a down rod and a
steel shaft with a hard rubber roller for suspension of the fan.
The down rod shall be supplied to the length indicated for the
job which shall be measured from the top of the connecting
piece to the centre of the pin in the shackle at the top.

(b) The down-rod shall be manufactured from 12 mm bore
standard mild steel pipe of not less than 3 mm wall thickness,
having an external diameter of approximately 20 mm.  It
shall be accurately threaded at one end and shall be screwed
into the top portion of the fan connecting piece (capacitor
housing) from which it shall protrude by a minimum of 2
mm.

(c) It shall be locked in position by two hexagonal steel lock nuts,
having a minimum thickness of 6 mm, tightened onto the
upper machined surface of the fan connecting piece.

(d) The down-rod shall also be locked to the fan connecting
piece by means of a steel split-pin, of not less than 5 mm
diameter, passing through both the fan connecting piece and
the down-rod.

(e) The split-pin holes in the fan connecting piece shall be of
such a diameter that the split-pin is a light push fit there-in.
The matching split-pin holes in the down-rod shall be just
sufficiently large so that the split-pin shall be a light push fit,
when the hole is in its worst position relative to the
threading. All burrs and sharp edges shall be removed from
the split-pin holes both in the fan connecting piece and the
down-rod.

(f) The steel suspension shackle shall be welded to the down-
rod. Welding shall be of good quality and to the satisfaction
of the Architect.  The rubber roller shall be mounted on an 8
mm diameter steel clevis pin secured by a split-pin.
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(g) The ends of the down-rod shall be rounded off and free from
burrs.  There shall be no sharp edges which could cause
damage to the insulation of the wiring.

C3.4.8 Suspension Joints and Threaded Parts

(a) Joints along the suspension rod must be of double-locking
design, i.e. at least two independent positive locking devices
must be employed to prevent a joint from loosening itself.

(b) The maximum clearance between threaded mating parts must
not exceed 1% of their mean diameter.

(c) The direction of rotation of the fan shall be such that all
screw joints tend to be tightened when the fan is in operation.

C3.4.9 Canopies

Two canopies manufactured from plastic or pressed steel sheet shall be
provided and fitted over the upper and lower ends of the down-rod. They
shall be fixed to the down-rod grub screws.

C3.4.10 Balance

(a) All fans shall be fully balanced after assembly, with any
necessary adjustment being made to ensure that they shall not
oscillate due to out-of-balance forces.

(b) All blades shall be given a single identification number, or
letter, permanently stamped on the supply side, with a
corresponding mark stamped on the motor body so that the
fan blades may be reassembled in the correct position.

C3.4.11 Finish

The whole fan shall be finished in high quality stove-enamel, white,
ivory or other colour where required by the Architect.

C3.4.12 Speed Regulator

(a) The speed regulator shall be of the choke type with five (5)
speed and an "OFF" position, built on a moulded plastic, or
insulated steel base and enclosed by a moulded plastic cover.
The cover shall be white or ivory or other colour to match the
fan.

(b) An earth terminal shall be provided on the base with an earth
wire permanently connected to the steel core of the choke
unit.

(c) The speed regulator shall move smoothly and easily between
positions.
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C3.4.13 Inspection

At least one typical unit for those to be supplied for a given Contract
shall be submitted for an acceptance test carried out for the Architect
before delivery of any quantity is made to the Contract Site.

The test units shall be provided and collected by the Contractor at no
extra cost to Architect.

C3.5 CENTRIFUGAL FANS

C3.5.1 Centrifugal fans for high-velocity high-pressure systems as defined
within HVCA Standard DW/144, shall be of the backward bladed type.

C3.5.2 Centrifugal fans with motor brake power of  7.5 kW or more shall be of
the backward bladed type having a fan total efficiency not less than 75%.

C3.5.3 Fan casings shall be constructed to permit withdrawal of the fan impeller
after fan installation.  Fans other than those in factory constructed air
handling units (AHUs) shall be provided with flanged outlet connections
and spigoted inlet connections suitable for flexible joint connections
except those for use with negative pressures greater than 500 Pa in which
case inlet connections shall be flanged.

C3.5.4 All fan casings of 900 mm diameter or greater shall be provided with
removable access panels which shall incorporate purpose-made air seals.
The sizes of access panels shall be such as to facilitate cleaning and
maintenance of the impeller and shall not be less than 600 mm X 600
mm.

C3.5.5 For all kitchen extract ventilation fans an access door, for inspection and
cleaning, shall be fitted to the scroll casing in an accessible position; it
shall be of full width of the impeller.  A plugged drain point shall be
fitted at the lowest point of the fan.

C3.5.6 Permanent indication shall be provided to show the correct direction of
rotation of the fan impeller.

C3.5.7 Impellers shall be of galvanized steel or aluminium alloy where
indicated, of riveted or welded construction, with spiders or hubs of
robust design, and shall be capable of running continuously at ten per
cent in excess of normal speed.  Impellers shall be keyed to a substantial
mild steel shaft and the impeller complete with shaft shall be statically
and dynamically balanced and tested for satisfactory overspeed
performance before leaving the maker's works.

C3.5.8 Fan shaft shall enable pulley to be mounted at both ends. Shaft bearings
of belt driven single inlet fans shall be truly aligned and rigidly mounted
on a pedestal common to both bearings.  Double inlet, double width fans
shall have a pedestal mounted bearing at each side of the fan.  Fan
bearings shall be of the ring oiling sleeve type, or the ball or roller type.
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Where silence is important the bearing pedestal shall not be attached to
the fan casing, instead ring oiling sleeve type bearings shall be supplied.

C3.5.9 Centrifugal fans shall be driven by electric motors through V-belt drives
complying with the relevant content in Sections B7 & C7.

C3.5.10 Single phase powered variable flow centrifugal fans where specified
shall be fitted with variable inlet vanes which shall be matched to the fan
performance to give stable control. Vanes shall be closely interlocked to
ensure movement in unison.  Operation shall be manual or automatic as
indicated.  Where manual control is indicated, the operating device shall
facilitate positive locking in at least five different positions.  Vane blades
shall not vibrate or flutter throughout their operational range.

C3.5.11 Three phase powered variable flow centrifugal fans where specified shall
be variable speed driven. Variable speed drive shall be in accordance
with Sections B7 & C7 of this General Specification.

C3.6 FAN COIL UNITS

C3.6.1 General

Fan coil units shall comply with quality standard ISO9001/9002 and be
'type' tested.  The Contractor shall submit the make and type of each fan
together with the 'type' test certificate for the Architect's approval.  The
origin of the fan shall be from the country where the 'type' test was
conducted.

Fans, filters, cooling coils, heating coils, motors, thermal and acoustic
insulation shall comply with the appropriate sections of this General
Specification and the following requirements:-

(a) Fans shall be of the Double Inlet Double Width (DIDW)
forward curved centrifugal or tangential flow types and shall
be of mild steel, aluminium, reinforced glass fibres or rigid
plastic material as specified in Particular Specification.

(b) Air filters shall be as indicated in the relevant content of
Section C1 but with an efficiency of not less than 50% when
tested in accordance with BS EN779.

(c) Motors shall be quiet running and have sleeve or ball
bearings factory lubricated for life. Motor windings and
electrical components shall be impregnated or protected to
avoid trouble from condensation. The fan motor shall be of
the single phase permanent split capacitor type provided with
three speed tapped windings.

(d) All fan coil units capacity and air flow rate shall be selected
based on the performance of the units at medium fan speed.
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(e) In selecting the fan coil units, allowance shall be made for
the actual resistance imposed on the air flow of the units due
to ducts and grilles. The added resistance is to be applied to
all fan coil units whether shown to have ducts connected or
not, and shall be taken as not less than 50 Pa external to the
unit.

The thermal, volumetric and acoustic performance of fan coil units shall
meet the requirements indicated and testing and rating shall be in
accordance with BS 4856.

3.6.2 Casings

Casings shall be of G.I. sheet metal with thickness not less than 1.0 mm
suitably stiffened to minimize drumming and vibration and shall be
protected against corrosion and finished inside and outside with stoved
primer.  All corners shall be rounded off without sharp edges.  Casings
shall be lined with material to act as both thermal and acoustic insulation
which shall comply with the relevant of Sections B11, C11, B8 & C8.
Casings shall include space for pipework connections and valves, and
there shall be ready access to the fan and motor, filter, damper, drain pan,
pipework connections and valves, for maintenance purposes.

The motor and fan shall be mounted on a detachable mounting chassis
that can be removed from the fan coil enclosure as one assembly (with
extended cables) to facilitate fan and motor cleaning.  It shall then also
be possible to remove the fan impeller scroll casing in order to properly
clean the fan blades.  Fan and motor assemblies shall be complete with
neoprene rubber anti-vibration mountings.

C3.6.3 Coil

(a) Cooling coils shall be minimum two-row and shall include
an air vent cock and drain valve.

(b) The chilled water cooling coil shall be ARI certified and
constructed from seamless copper tubes mechanically
bonded to aluminium fins.

(c) Each coil shall be provided with motorized 2-way solenoid
control valve and isolation valves. Flexible pipe connectors
complete with union joints to facilitate removal of the entire
unit shall be provided. The connector shall be stainless steel
braided polymer tubing limited to 300 mm long and suitable
for the system pressure.

(d) Working pressure of coils shall suit specific requirements.

C3.6.4 Components

(a) All units shall include an easily removable filter capable of
treating the total air volume.  Filters shall, unless otherwise
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specified, be washable.  It shall be supported in a stiff
aluminium/stainless steel withdrawable frame.

(b) Drain pans shall be made of one piece stamped stainless
sheet steel with no weld and protected against corrosion, or
made of plastics or reinforced glass fibre materials insulated
with a minimum of 13 mm thick flexible closed cell
elastomeric insulation.  Drain pans shall be large and deep
enough to collect all condensate from the coil, return bends
and pipework connections.  The pan shall be removable and
have a slight fall to the drain connection.  For units whose
loads include a high proportion of latent cooling the fall to
the drain point and the size of the drain connection shall be
adequate to deal with the condensed moisture.

C3.6.5 Arrangement of Units

The arrangement of units (e.g. wall, floor or ceiling mounted), the
position of inlet and outlet grilled if any, the need for G.I. sheet metal
casing etc. shall be as indicated.

C3.6.6 Controls, Dampers and Grilles

Fan coil units shall have a combined room temperature sensor complete
with 3-speed controller and heating/cooling mode selector as specified.
Where indicated they shall have connections for both fresh and
recirculated air and shall include a damper which shall be adjustable to
give up to 25% of the fan capacity drawing from the fresh air source.
Outlet grilles shall be capable of adjusting the direction of airflow
without adversely affecting pressure drop.  On floor mounted units,
supply grilles shall be on the top of the unit.

C3.6.7 Noise level

The noise data provided shall include an octave band analysis of the
sound power level of each unit when operating at its full or the stated
design speed.

C3.6.8 Electric Heaters for Fan Coils

Electric heaters shall be of maximum 2 kW capacity of the black heat
sheathed element type, plain or finned, and shall be provided with a
safety cut-out thermostat set to operate at 50oC.

Sail switch is to be fitted for each heater battery and is to be connected in
series with the safety cut-out thermostat to switch off the heater in the
event of reduced air flow.

The mounting, arrangement and terminals etc. for Electric Duct Heaters
shall be in accordance with Contract Drawings or other installation
standard approved by the Architect.
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C3.7 CASSETTE TYPE FAN COIL UNITS

C3.7.1 Generally, the cassette fan coil units shall comply with Sub-section C3.6
of this General Specification.

C3.7.2 The fan coil unit shall be of integrated cassette type which combines the
supply air slot, return air grille, fan, casing, cooling coil, heating coil or
electric heater (if required) into a single unit. No connection of ductwork
is allowed except for fresh air.

C3.7.3 Fan coil units shall be selected at design duty and specified noise level
with fan running at medium speed.

C3.7.4 Each fan coil unit shall be provided with a combined room temperature
sensor complete with 3-speed controller and heating/cooling mode
selector as specified. Remote control unit shall be provided as specified.

C3.7.5 Air cooling coil shall be constructed with copper tubes and shall be
arranged horizontally. Tubes shall have brazed copper return bends. Fins
shall have smooth drawn collars of length equal to fin spacing and
mechanically bonded to tubes. Fins shall be of the plate type, corrugated
to ensure maximum air contact. All coils shall have an air release valve
and a drain valve. Working pressure of coil shall be of a minimum of
1200kPa and to suit system pressure design. Connection of water piping
shall refer to Sub-section C3.6.3(c).

C3.7.6 Each fan coil unit shall be provided with a stainless steel drain pan
situated beneath the cooling coil and arranged so that all moisture will
collect in and drain from the pan. Drain pans shall be insulated externally
with a minimum of 25 mm approved type foamed plastic. Each drain pan
shall be fitted with a drain pipe which shall be connected via suitable
runs (correctly laid to fall) to the drainage system. Drain pans shall have
copper male connectors for connection to the condensate drain. The
connector shall be positioned to ensure rapid discharge of moisture from
the pan.

C3.7.7 Built-in condensate pump shall be provided for the removal of
condensate. A water sensing system with low, high and warning limits
shall be provided which actuates the running of condensate pump at high
water limit and trigger the alarm system at warning level. When water
level reaches the warning limit, the sensing system shall cut off the unit
operation. An alarm signal shall be given locally. The signal shall be
connected to CCMS or remote indication system as specified.
Condensate pump shall be designed to run continuously at some essential
areas as specified. The power source for condensate pump and the
associated control system shall be independent from that of the fan coil
unit such that the pump can still be operated after the units has been
switched off.

C3.7.8 The filter media shall be of the washable type and shall be enclosed in a
one-piece formed stainless steel frame with covers flush mitred and
reinforced by a die-formed inverse bead.
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C3.7.9 Fan shall be of the quiet running direct driven centrifugal type with
aluminium blades mounted to a solid steel shaft. Fan motors shall be of
the ‘split capacitor’ type suitable for single phase electrical supply. The
motor shall be resiliently mounted to the fan tray or scrolls. The
motor/fan tray assembly itself shall also be resiliently mounted to the
casing structure.

C3.7.10 Manually adjustable louvres for directional airflow shall be provided for
supply air slot in each fan coil unit. Options shall be given to choose
from 2-way, 3-way or 4-way supply air discharge.

C3.8 IN-LINE CENTRIFUGAL AND MIXED FLOW FANS

Mixed flow fan casings shall be rigidly constructed of mild steel, or aluminium
alloy stiffened and braced where necessary to obviate drumming and vibration.
Mounting feet shall be provided where necessary for bolting to a base or supports.
Inlet and outlet shall terminate in flanges to facilitate removal.  Stator vanes shall
be of mild steel or aluminium alloy.  The unit shall be designed to facilitate access
to the impeller.  Where motors are mounted external to casings, drives and guards
shall be provided in accordance with Sections B7 & C7.  An access panel with
purpose-made air seal shall be provided in the fan casing;  the access panel shall be
sized and so positioned as to facilitate maintenance.

C3.9 MECHANICAL ROOF EXTRACT UNIT

The fans used in roof extract units shall meet with the appropriate requirements of
the preceding content relating to fans generally and in particular to the types of fans
involved.  The materials of cowls and bases shall be resistant to weather, solar
radiation and appropriate to the location of the unit and type of fan installed.
Casings shall be formed to facilitate a weatherproof fixture to the building
structure.  Adequate access to electrical supply terminals and lubrication points
shall be provided by means of hinged cowls or otherwise as appropriate.  Back-
draught dampers and/or fire release dampers shall be provided where indicated.
Bird entry preventive guards of not greater than 25 mm mesh shall be provided as
an integral part of the unit.

C3.10 PROPELLER FANS

Impellers shall be of steel or aluminium; the blades shall be fastened to the hub or
the blades and hub shall be formed in one piece.  The bearings may be ball, roller,
or sleeve type.  Propeller fans may be ring mounted, diaphragm mounted or
diaphragm mounted in a casing, as indicated.

The tip speed of propeller fans shall, unless otherwise indicated, not exceed 20 m/s.
All ring mounted propeller fans which are exposed, i.e. not installed within a
ductwork or other enclosure, shall be adequately protected by safety guards.
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C3.11 PROTECTIVELY COATED FANS AND FANS FOR CORROSIVE OR
HAZARDOUS APPLICATIONS

Where fans are required to handle toxic, corrosive, flammable, explosive or high
temperature gases. The materials and form of construction shall be selected and suit
the particular application. Bearings and lubrication arrangements shall be suitable
for the conditions. Protectively coated fans shall meet with the appropriate
requirements of the previous content relating to fans generally and to particular
types of fans; the form of protection shall be as indicated.  Where a protective
coatings is required for use with corrosive gases the coating shall cover all parts of
the complete fan, motor and casing assembly which will be in contact with the
corrosive gases.  No fan shall be installed if the protective coating has been
damaged in any way.  Impellers shall be of coated steel, stainless steel, aluminium
or fire-proof plastic as indicated.

Where fans are installed in a potentially explosive atmosphere the special
requirements will be indicated in the Particular Specification and are to be rigidly
adhered to.

C3.12 ROTARY FANS (WALL OR CEILING MOUNTED)

C3.12.1 Capacity

The unit shall be capable of an air delivery of not less than 1.1 m3/s.

C3.12.2 Dimension

The blade sweep diameter of the unit shall be 400 mm.

C3.12.3 Duty

(a) The unit shall be suitable in all respects for operation in ambient
air conditions of 35°C and 95% RH.

(b) The unit shall be suitable for operation on 220 V, 50 Hz, single
phase AC supply.

(c) The fan shall not require periodic lubrication.

C3.12.4  Construction

(a) These units shall be of deluxe and pleasing appearance with
smooth safe edges and of "easy-to-disassemble" design for
cleaning.  Units not considered of suitable appearance may be
rejected by the Architect.

(b) The fan shall have high quality aluminium or plastic blades.

(c) The fan shall be fully balanced after assembly.
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(d) The blades shall be enclosed by a high quality chromium plated
metal wire-mesh metal guard.  The gap in between the guard
wires shall not be greater than 15 mm at any point.

(e) The fan shall be provided with rotary mechanism for a rotational
sweep of 360° when mounted on the ceiling for rotary ceiling
fan or for a swing of 150o when mounted on a wall or column
for rotary wall fan.

(f) The whole unit shall be finished to manufacturer's standard light
colour or as otherwise approved by the Architect.

C3.12.5  Electrical

(a) All electrical components, cables etc. shall conform to the
appropriate standards and specifications stipulated in Sections
B7 & C7.

(b) All exposed metal parts of the unit shall be suitably earthed via
the 3 core flexible cable.

(c) The fan shall be provided with speed regulator and be capable of
being switched on and off by a remote 5A switch.

(d) The fan shall be provided with an adequate length of 0.75 mm2 3
core PVC insulated and sheathed flexible cable and connected to
the associated socket outlet. Where provided but not fixed, the
cable provided shall be two meters in length.

C3.12.6 Inspection

As Sub-section C3.4.13.

C3.13 TERMINAL AIR CONTROL DEVICES

C3.13.1 General

(a) Terminal units shall be factory fabricated and tested in
accordance with British Standard BS 4979, BS 4954, BS
4857 (or related content of ISO5220, ISO5221 and ISO5219)
where appropriate.

(b) Casing of the unit shall be manufactured from galvanised
steel sheet of minimum 0.7 mm thick having round edges to
form a rigid construction.

(c) Noise including in-duct sound power level, which emitted
through the unit casing shall not exceed the value as
indicated and/or as stated in Section B8 & C8 of this General
Specification.
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(d) The entire unit shall be internally lined with thermal and
acoustic insulation in compliance with the relevant content in
Sections B11 & C11 and B8 & C8 enclosed in a galvanised
perforated metal liner.  The lining shall be securely fixed and
shall be proof against erosion by the air flow.  The acoustic
and thermal insulation shall comply with NFPA-90A, UL-
181 and BS 476 Part 4, 5, 6 & 7 standards (or the related
content of ISOR1182, ISO5667, ISOTR5658-1, ISO10295-2
& 10295-3) and the requirements of the Fire Services
Department.

C3.13.2 Induction Units

(a) Filters, cooling coils, heating coils and thermal and acoustic
insulation shall comply with the appropriate sections of this
General Specification, with the following exceptions or
alternatives :-

Air filters shall be as specified in Sub-section C3.6.1(b) for
fan coil units.

Unless otherwise indicated, cooling coils and/or heating coils
shall be formed of copper primary surface tubes with
aluminium secondary surfaces.

(b) Casings shall include space for pipework connections and
ductwork as necessary, and there shall be ready access to the
filter, the primary air nozzles and any valves and controls.

(c) Primary air plenums shall be treated with thermal and
acoustic insulation which shall comply with the relevant
content of Sections B11 & C11 and B8 & C8.  Units shall be
complete with a suitable device to regulate primary air
pressure and air volume flow rate.  Primary air nozzles shall
be arranged to induce an even secondary circulation across
the cooling and/or heating coils. The unit air outlet shall
incorporate means of directional control of air supply where
indicated.

(d) Cooling/heating coils shall include an air cock and shall be
effectively sealed to prevent air by-pass around the coil.
Drain pans shall be of a material which is resistant to
corrosion or is protected against corrosion and shall have a
slight fall to a drain connection.

(e) The arrangement of units (e.g. wall or ceiling mounted), and
the need for sheet metal casing shall be as indicated.

C3.13.3 Single Duct Constant Air Volume (CAV) Terminal Units

(a) Unit shall be constructed in accordance with Sub-section
C3.13.2 where appropriate.
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(b) Units shall incorporate a self-acting constant flow rate
device.  The pressure drop across the unit at design air
volume flow rate shall not exceed 250 Pa.

C3.13.4 Single Duct Variable Air Volume (VAV) Terminal Units

(a) Unit shall be rated in accordance with ASHARE Standard
36-72 and Air Diffusion Council Test Standard 1062R4.  The
performance data shall be certified by a recognized
laboratory approved by the Architect.

(b) Unit shall be of the pressure independent type throughout the
entire range and shall be capable of resetting the air flow to
+5% of the nominal air flow regardless of the change in the
system pressure.

(c) The unit shall be capable of being reset to any airflow
between zero and the maximum catalogued air volume
automatically to compensate for duct pressure fluctuation.

(d) The air velocity sensor shall measure the true velocity across
the inlet of the unit and be unaffected by changes in duct air
temperature and humidity. The sensor shall be field
replaceable without opening the associated ductwork.

(e) The entire package shall be calibrated and factory-set for the
maximum and minimum flow rates as specified but shall be
capable of easy re-adjustment in the field.  Each terminal box
shall be provided with factory-calibrated, direct reading air
flow indicator.  Separate gauge taps shall be provided for
field re-calibration and commissioning.

(f) The velocity controller and the damper actuator shall be of an
integral unit directly mounted onto the damper shaft.  The
actuator shall be capable of operating in the stalled position
without overheating or mechanical damage.  Mechanical
limit switch will not be accepted.  The damper shall remain
in a fixed position when electrical power source is
interrupted.  The control equipment must be easily accessible
through an access door provided with quick-release fasteners.

(g) The damper shall be made of heavy gauge galvanized steel
with peripheral gasket, pivoted in self-lubricating bearing.  In
the fully closed position air leakage past the closed damper
shall not exceed 2% of the nominal catalogue rating at
250 Pa inlet static pressure.

(h) VAV terminal unit shall be pneumatic, electronic or DDC
controlled as specified.  One thermostat shall be provided for
each VAV terminal unit unless otherwise specified.  The
thermostat offered shall match the unit and include
temperature set point and velocity adjustment point located
inside.
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The thermostat shall have a calibrated scale showing set
point temperature with a constant approximately 1oC
proportional band regardless of minimum and maximum
velocity settings. Air flow set point shall be adjusted by
screw and voltmeter tap in the thermostat or by other
approved means for both high and low air volume limits.
The location of the thermostat shall be determined on site.

(i) The unit shall not be selected at the top of the catalogue
range in order to ensure it meets with the specified room
noise level requirement.

(j) Circular connection spigot of insertion dimensions, with self
sealing rubber gasket shall be provided at both the inlet and
outlet of the unit.  Each multi-outlet section shall be
complete with at least one spare outlet, capped for future use.

(k) Unit shall be complete with a mixing attenuator section
where specified.

The attenuator shall be factory-fitted to the basic unit and of
a length not less than 400 mm.  The casing shall be
constructed as the terminal unit, but with acoustic insulation
of mineral wool with a minimum density of 70 kg/m3.

(l) Unit shall be complete with electric heater section where
specified.  Heater casing shall be made of minimum 0.7 mm
thick galvanized steel sheet insulated by 30 mm thick
mineral wool lined with staple fibre fabric.  The heater shall
be easily withdrawn from the casing for servicing and
maintenance. Heating element shall be of the shealth and
black heat type.  The heater shall be controlled by contactor
and step controller fully interlocked with a sail switch and
duct type overheat thermostat with fail safe feature and
manual reset.

C3.13.5 Dual Duct Terminal Units

Dual duct terminal units shall be constructed as single duct CAV unit
and VAV unit and shall incorporate devices for varying the proportions
of hot and cold air and for providing thorough mixing of the air.

C3.14 GRILLES AND DIFFUSERS

C3.14.1 General

(a) The grilles and diffusers shall be rated in accordance with
ASHRAE standard 36-72 and Air Diffusion Council test
standard 1062R4.



Section C3

(b) All grilles and diffusers shall have concealed fixing system
and shall have quick release frame to facilitate cleaning.

(c) All supply grilles and diffusers shall be mounted on
substantial frame and shall be provided with soft rubber or
felt joining ring inserted under the frame to prevent air
leakage and the formation of condensate on the fitting.

(d) All grilles and diffusers shall not be less than the size
indicated; where no size is given they shall be capable of
handling the air flows and distribution indicated without
producing unacceptable air flow noise. The Contractor shall
select the supply air grilles and diffusers to achieve good air
distribution and adequate air movement in the conditioned
space.

(e) In order for the ceiling grilles and diffusers to match with the
false ceiling layout pattern, the actual size of the grilles and
diffusers shall be confirmed by the Architect before ordering.

For all grilles and diffusers which are smaller than the ceiling
tile on which they are installed, they shall be located in the
centre of the ceiling tile. The exact location of the ceiling
grilles and diffusers shall be co-ordinated with other services.
The Contractor shall confirm the exact location with the
Architect before works commence.

Where grilles and diffusers are to be incorporated into false
ceilings before any grilles or diffusers are installed into
ductwork or fan coils, the Contractor shall ensure that the
Building Contractor marks out the ceiling line on the
adjacent plastered walls or columns and also indicates where
ceiling tee bars line up or the ceiling joints occur in order
that such datum can be worked to.

(f) The finishing colour of the grilles and diffusers shall be
approved by the Architect as different colours may be
specified in different areas.  The Contractor shall co-ordinate
with the Building Contractor and other specialist Contractors
especially the ceiling and electrical Contractor for the
integration of the air diffuser into the ceiling and luminaire
(for light troffer diffuser).

C3.14.2 Grilles

(a) Grilles shall be of steel, aluminium, PVC or as otherwise
indicated. Steel grilles shall be protected against rusting and
supplied in fully finished stove-enamelled or otherwise
specified condition.

(b) Each supply air grille shall have two sets of separately
adjustable louvres, one set horizontal and one set vertical,
and shall be complete with an opposed blade multi-leaf
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damper.  Alternatively in lieu of the opposed blade multi-leaf
damper a rhomboidal air controller may be provided; this air
controller shall control both the volume of air passing and
the distribution of air across the grille face. The louvre and
the damper or air controller shall be adjustable from the front
of the grille.  For up to ten grilles, one set of tools required
for adjusting the louvre and dampers or air controllers shall
be provided. From eleven to twenty-four grilles, two sets and
above twenty-five grilles, three sets of tools shall be
provided.

(c) Return air grilles shall have either a single set of louvre or
bars  (either vertical or horizontal) or a lattice, egg crate or
expanded metal front.

Each return air grille shall be complete with an opposed
blade multi-leaf damper or a rhomboidal air controller
operable from the front.

Where return air grilles are fitted for fan coil units, they shall
be arranged such that the central core of the grille is hinged
and demountable for access to the filter for cleaning.
Mounting frames for these grilles shall include provision for
fixing the filter in position.

C3.14.3 Diffusers

(a) Diffusers shall be of steel or aluminium.  Steel diffusers shall
be protected against rusting and shall be stove enamelled for
finished colour approved by the Architect.  Diffusers shall
incorporate an edge seal; diffusers mounted on ceilings shall
have anti-smudge rings.  Pan type diffusers shall be provided
except where cone type diffusers are indicated.

Diffusers shall be provided with volume control dampers of
the iris, flap or sleeve type which shall be adjustable from the
front of the diffuser.  Where the length of a vertical duct to a
diffuser is less than twice the diameter of the diffuser an
equalizing deflector shall be fitted.

The design of the supply air diffuser shall be capable to
induce adequate air movement and provide the throw to
cover the entire air-conditioning space without causing air
turbulence and cold draft.

(b) Linear diffusers shall be constructed of extruded aluminium
section and include a control damper at the rear of the vanes
giving volume control down to complete shutoff and
operated from the face of the diffuser.  Linear diffusers for
supply air shall have adjustable blades to give directional
control of air flow.  The linear diffuser shall be capable of
maintaining a horizontal discharge pattern at a turn down
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ratio down to 20% of the maximum specified air volume
without air dumping.

The linear diffuser shall be complete with factory fabricated
plenum with suitable inlet connection for flexible ductwork.
The plenum and diffuser neck shall be constructed of
galvanised steel sheets internally lined with 25 mm 48 kg/m3

glass cloth faced fibreglass insulation enclosed in galvanised
perforated metal liner.

The insulation  shall comply with NFPA-90A, UL-181 and
BS 476 Part 4, 5, 6 & 7 standards ( or related content of
ISOR1182, ISO5667, ISOTR5658-1, ISO10295-2 and
ISO10295-3).

Where linear diffusers are mounted in a continuous line there
shall be means of ensuring alignment between consecutive
diffusers and of equalizing pressure behind the vanes. The
dummy portion of the diffuser shall be internally covered by
a demountable galvanized metal enclosure to block the view
into the ceiling void from below.

(c) The square face diffuser for VAV system shall be
constructed of aluminium and with large turn down ratio.

Each ceiling mounted square face diffuser shall have a
factory assembled diffuser and an air plenum.  The air
plenum shall be provided with dividing plates such that the
diffuser back is divided into an annulus area and a square
central area.  In the entry to the diffuser plenum, the flow
cross section shall also be divided into two parts, one part
serving as a bypass and the other equipped with a self
contained, weight balance damper.  The damper shall be
balanced with a weight in such a way that the horizontal
outlet jet velocity remains nearly constant over a flow rate
range of 100 to 20% of maximum in order to prevent
stagnant area, wide temperature gradient and drop of air jet
in the conditioned area.

(d) The linear slot diffuser shall be constructed of extruded
anodized aluminium, with multiple slot for the required air
flow rate.

Each diffuser shall be complete with a factory fabricated
plenum of the same construction as the linear diffuser.

C3.15 ENERGY EFFICIENCY AND PERFORMANCE

(a) The efficiency of fan and motor used for all air treatment equipment shall
be as specified in Sub-section C3.5.2 – Fan System under the Code of
Practice for Energy Efficiency of Air Conditioning Installation issued by
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the Electrical & Mechanical Services Department and Section C7 of this
General Specification.

(b) The type of insulation used shall have optimised thermal conductivity,
and the design of the insulation thickness for pipe, drain pan, ductwork,
panel enclosure etc. of the air handling equipment shall be in accordance
with Section C8 - Insulation under the Code of Practice for Energy
Efficiency of Air Conditioning Installation issued by the Electrical &
Mechanical Services Department plus 10% or better, increase in
thickness as safety margin.

(c) The Contractor shall submit relevant factory test certificates and field test
records for calculation and assessment by the Architect.

C3.16 DESICCANT DEHUMIDIFIERS

C3.16.1 Wheel Type Desiccant Dehumidifier

(a) The dehumidifier shall be of the absorption or adsorption type
and complete with rotor, electric or gas type reactivation heater,
process air fan, reactivation fan, process air prefilter,
reactivation air prefilter, control panel and all other accessories
for a complete unit. The heater shall be fitted in a factory built
unit casing.

(b) Rotor shall be impregnated with desiccant such as lithium
chloride, silica gel, aluminium oxide or other specified type.
The desiccant shall be incombustible, resistant to chemicals and
non-dusting. The rotor shall have a service life of minimum 8
years with non-stop operation. The seals between the process
and reactivation airflows shall be designed to good standards,
and their low frictional properties shall guarantee long and
continuous service life.

(c) The casing of the dehumidifier shall be constructed of sheet
steel with oven-curved enamel coating to minimize corrosion.
Casing shall comply with leakage standard to Eurovent
Document 2/2, Class B and the leakage volume shall be of
maximum 0.81 l/s per cu. meter at 1000Pa.

(d) A control panel shall be provided for the control of the
dehumidifier. The control panel shall include control mode
switch for switching between manual and humidistat operation.
Indicators for power on, unit running, alarm (for high
temperature cut-out, fan motor overload unit, trip and high
humidity, etc.), reactivation fan running, reactive heater on,
rotor drive motor running, process fan running, humidity
normal, and any other control indication requirements as
specified. There shall also be digital displays for fan speeds,
humidity level, and reactivation temperature readings etc.
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(e) The heater control shall be of multi-step. The dehumidifier shall
be capable of operating with the services conditions as specified
under Section A3 of this General Specification.

(f) The unit shall be capable of local or remote control, and be
complete with interlock control for operation with the
connecting air handling unit. The unit itself shall be complete
with built-in direct digital controller (DDC) for all control and
monitoring functions.

(g) The following safety devices shall be provided as a minimum
requirement:

- Electric safety interlock to prevent the dehumidifier
from running with the electric control panel open or the
mechanical access panels removed,

- Automatic shutdown in case the control system
detected a fault,

- Two independent thermostats for the heater shall be
provided to trigger automatic shutdown in accordance
with IEC regulation.

C3.16.2 Liquid Type Desiccant Dehumidifier

(a) The unit shall employ an approved liquid type desiccant as the
dehumidification media.

(b) The unit shall comprise three separate operation sections (i.e.
collection, heat pumping and regeneration).

(c) In the collection operation, liquid desiccant shall be continually
added to the top of a honey comb cellulose material which shall
form a flowing liquid film. The untreated air (i.e. process air)
shall be cooled and dehumidified when flowing through the
liquid desiccant.

(d) The heat pump section shall transfer the heat of the liquid
desiccant absorbed during collection operation to the
regeneration operation.

(e) The liquid desiccant shall be heated in the regeneration section.
The moisture previously collected shall be removed by the
regeneration air stream following the same operation principles
in collection section.

(f) The equipment shall be a single compact unit of weatherproof
design.



Section C3

C3.17 DOMESTIC EXHAUST FANS

The exhaust fan shall be completed with a safety front grille at suction side and
shall be suitable for installation on wall or window opening. Cord control is not
acceptable.

Electrical operated shutter blades, covered by internal grilles, shall be overlapped
and interlocked for maximum back-draught protection.

Each fan shall be fitted with quiet motor. The shutter mechanism shall be of quiet
and vibration free operation.


