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1 GENERAL TECHNICAL SPECIFICATION

1.1 Scope of Work

This Specification covers the design, manufacture, workshop tests, transportation to site,
storage, complete installation, painting works, testing and commissioning of the heating,
ventilation and air conditioning systems shown on the relevant drawings, including the
necessary accessories and spare parts for installation, operation and maintenance.

All other materials, equipment and accessories required for safe operation shall be
supplied by the Contractor, even though they are not explicitly specified in the Specification.

1.2 Design and Workmanship

The design of the equipment shall be in accordance with the current best engineering
practices. Each part of the equipment shall be the Contractor’s standard design, provided that it
complies with the overall requirements of the equipment specification, and parts with previously
proven quality shall be used.

The basis of the design shall be strength, simplicity and reliability to ensure long-term
service with high economy and low maintenance cost.

All equipment shall be designed and manufactured to provide satisfactory operation at
air temperatures between -20 “C and 40 °C.

All equipment, including accessories and auxiliary materials, shall be manufactured and
installed to provide quick internal and external access for inspection, cleaning, maintenance and
replacement. Similar parts shall be fully interchangeable with each other and with spare parts.
Except in cases where a special arrangement of the equipment is required for functional reasons
or due to a special design, no part of the equipment shall require the removal of any other
permanently installed equipment for inspection, maintenance or replacement.

The design, size and materials of all parts shall not be damaged as a result of stress, even
after long-term service under the most severe conditions. The materials used in the
manufacturing of the equipment shall be of the highest quality and selected to service as
expected from them. The equipment shall be designed and manufactured to minimize corrosion.
Water shall not accumulate at any point of the facility. The workmanship throughout the
equipment shall be of the highest class. Surface protection under all climatic conditions shall
prevent corrosion.

If the Contractor requests exemption from any part of the Specification concerning
materials, equipment or performance, the Contractor shall clearly state in his proposal, the
details and reasons for the differences between his proposal and the Specification, under the
Clause “Exemptions from Specification Requirements”.

In cases where the approval of the Administration is required in this Specification, such
approval shall be obtained before commencement of the Work.



1.3

Applicable Standards

2

Turkish Standards shall be used as long as they are available and applicable. Unless
otherwise specified, the design, installation, manufacture and testing of the equipment shall be
in accordance with the following standards:

TS
DIN

ASTM
AMCA
ANSI

ARI
ASHRAE
ASA

ASME

AWS

IEC

|EEE (AIEE)
NFPA

NIST
NEMA

NEC
SMACNA
uL

Turkish Standards

German Standards Institute

American Society for Testing and Materials
Air Movement and Control Association

American National Standards Institute

Air-Conditioning and Refrigeration Institute

American Society of Heating, Refrigerating and Air-Conditioning Engineers

American Standards Association

American Society of Mechanical Engineers

American Welding Society

International Electrotechnical Commission

Institute of Electrical and Electronics Engineers

National Fire Protection Association

National Institute of Standards and Technology

National Electrical Manufacturers Association

National Electrical Code

Sheet Metal and Air-Conditioning Contractors’ National Association

Underwriters Laboratories

If for any reason the Contractor does not wish to use the above-mentioned standards, he
shall submit to the Administration, for approval, a written statement explaining the
modifications and justifying the reasons, along with a complete list of the standards it proposes
to use. Such requests shall not be valid without the written approval of the Administration.

HEATING, VENTILATION AND AIR CONDITIONING SYSTEMS

2.1

Scope of Work

systems after installation.

The heating, ventilation and air conditioning system shall include:

All heating, ventilation and air conditioning units, control panels, heat exchangers, etc.

All air ducts, fans, air filters, cooling coils, electric heaters, dampers, extinguishers,
access doors, ventilation grilles, louvers, insulation, painting, etc., and all accessories and
equipment required to ensure effective, smooth, reliable and unrestricted operation of the



e A complete set of all materials, conventional and special maintenance, disassembly and
assembly tools, devices and equipment required for the installation of equipment and
ducts.

e All spare parts and accessories as defined in the section Spare Parts and Accessories.

A recirculation/exhaust ventilation system shall be provided to meet various temperature
and ventilation needs of the Mechanical Room. Fresh outdoor air shall be supplied to each level
of the Mechanical Room.

The system shall continuously provide 100% fresh air and discharge warm air in
summer. During winter, the ventilation system shall recirculate 15% fresh air from outside
through the Mechanical Room. In addition, to regulate the internal temperature, the ventilation
system shall vary the fresh air intake between 15% and 100%. The system shall provide at least
four (4) air changes per hour for the entire volume of the Mechanical Room.

A fan discharging the air of the battery room to outdoors continuously shall be provided.
For the Battery Room, a duct heater shall be provided in the ductwork for operation in cold
weather.

2.1.1 Control Room Heating, Ventilation and Air Conditioning System

A heating, ventilation and air conditioning system shall be provided for the control room
and offices to ensure personnel comfort and to protect the control equipment.

2.1.2 The Mechanical Room Smoke Exhaust System

This system shall ensure that in case of fire, smoke is exhausted from the Mechanical
Room by manual activation of local ventilation fans. The smoke exhaust system shall be
designed in accordance with NFPA requirements.

2.1.3 Ventilation System for Access Tunnels and Valve Chambers

The system shall supply fresh outdoor air into the tunnel and valve chamber and
discharge the indoor air to the outside. The ventilation in the tunnel shall provide complete air
change within one hour.

2.2 Design Requirements

The system shall be designed for the most critical climatic conditions.
The calculated air mass values depend on temperature and barometric design pressure.
The battery room shall be maintained under a relatively negative pressure compared to

adjacent areas.



2.2.1 Air Changes

Minimum air changes shall be as follows:

Location Minimum Air Changes per Hour
e Total Mechanical Room volume 4
e Toilets 10

e Battery Room (1)
e Control Room
e Offices

e The Mechanical Room Drainage Trench

= B~ O 01 W

e The Mechanical Room Equipment Floors

Note (1) The air change rate of the Battery Room shall be calculated to continuously maintain
the hydrogen gas concentration below 1% by volume.

A minimum quantity of outdoor air shall be provided for ventilation in all areas.
2.2.2 Temperature Limits

The locations of the thermostats in air-conditioned rooms shall be approved by the
Administration. Thermostats shall be mounted approximately 1.5 m above the floor.

Solar heating or heating generated by equipment and lighting shall not be considered in
calculating the maximum heating capacity for the winter season.

In calculating the cooling capacity for summer, solar gain together with the heat
produced by equipment and lighting shall be considered.

2.2.2.1 The Mechanical Room Heating and Ventilation System
1) Maximum temperature shall be a maximum of 4 °C above the outdoor air temperature.

2) Winter:
e Minimum temperature for Generator Floor and Battery Room: 18 °C
e Minimum temperature for Suction Pipe Entrance Floor: 7 °C
e Minimum temperature for all other areas: 10 °C

2.2.2.2 Control Room Heating, Ventilation and Air Conditioning System
1) Summer

e Maximum dry-bulb temperature: 26 °C
e Minimum dry-bulb temperature: 24 °C

e Wet-bulb temperature: 15 °C
2) Winter



e Maximum temperature: 22 °C

e Minimum temperature: 18 °C
2.2.3 Humidity Limits

The minimum and maximum relative humidity values shall be within the limits
specified by the manufacturers of the Mechanical Room equipment.

224 Sound Levels

The sound level in air-conditioned spaces shall not exceed 50 dB(A) at a distance of 2 m
from the duct outlet.

The sound level in other rooms shall not exceed 60 dB(A) at a distance of 2 m from the
duct outlets.
2.2.5 Air Velocity Limits
1) Ducts:
e Main ducts: 11 m/s (maximum)
e Secondary ducts: 6 m/s (maximum)

2) Rooms: 0.6 m/s (maximum)

2.3 Automatic Controls

Heating, ventilation and air conditioning systems shall be equipped with fully
independent automatic control systems. The control systems shall be coordinated with the fire
detection and fire alarm systems.

Separate control panels shall be provided for the heating, ventilation and air
conditioning control systems and shall be located inside the Mechanical Room adjacent to the
controlled equipment. The supply and installation of the cables between these panels and the
local load centers shall also be included in the scope of works.

The control systems shall be provided with the necessary fault indicators and safety
devices. Any fault or interruption in the control systems shall be indicated by a signal on the
relevant control panel and in the Control Room. The Control Room alarm panel is not included
in the materials to be supplied; only free contacts and terminals for remote sensing of alarms
shall be provided in the control and power panels. In the event of a fire alarm, the fire dampers
and motorized fire systems of the relevant zone shall automatically stop. Only the air exhaust
systems shall continue to operate.

2.4 Control Panels

For satisfactory operation and control, automatic control and manual local control
panels shall be fully provided with all necessary equipment.



All indicator devices including thermometers and hygrometers shall be flush
mounted, dustproof, and designed for construction site conditions.

The locations of the motor protection switches for local control shall be submitted to the
Administration for approval.

The following control panels shall be provided:

A control panel shall be installed in the Control Room for the Mechanical Room
heating and ventilation system. The panel shall be equipped with the following items:

Indication of temperatures of fresh air, supply air, and return/exhaust air streams

Main control switches:

o Start/stop for all operating equipment

o Ventilation without heating of outdoor air (outdoor air volume between 15%
and 100% of supply air volume)

o Ventilation with heating of outdoor air (outdoor air volume = 15% of supply air
volume)

Control switches, control and alarm displays for the following items:
o Temperatures before and after air heaters
o High pressure difference in the air filter
o Low airflow at fan discharges
o Low pressure difference in the fan

Control switches, control and alarm displays for fans and motorized dampers:

o Fans:
= Supply Air Fans for the Mechanical Room
= Return Air Fans for the Mechanical Room
= Exhaust Air Fans for the Mechanical Room
= Exhaust Air Fans for Toilets
= Exhaust Air Fans for Kitchen
= Exhaust Air Fan for Water Treatment Room
= Exhaust Air Fan for Battery Room

o Motorized Dampers:
= For fresh air intake of the Mechanical Room
= For return air of the Mechanical Room
= For exhaust air of the Mechanical Room

For the Mechanical Room smoke exhaust system, a “Heating, Ventilation and Air
Conditioning System Status Panel” shall be provided. Control switches of the smoke exhaust
system shall be installed on the fire protection panel and the Heating, Ventilation and Air
Conditioning system status panel. The panel shall be equipped with lights to indicate which



smoke detector initiated the alarm, and the operating status of all fans in the Mechanical Room
heating and ventilation system, the Control Room heating system, and the ventilation and air
conditioning system. Lights on the panel shall also indicate the status of the high/low
temperature alarm of the Battery Room.

The smoke alarm system warning shall allow the operator to switch the smoke exhaust
switch to the “on” position, thereby manually turning the Mechanical Room ventilation system
into smoke exhaust mode. The ventilation system shall change the damper positions and start
all fans to remove smoke from the Mechanical Room.

3 MATERIALS AND APPLICATIONS
3.1 Water Cooling Unit
311 General

The unit shall be a complete water-cooling plant and shall include water-cooled
condenser compressor, power drive, hot gas silencer, oil heater, operation and safety regulating
devices, flow switch in the chilled water line, refrigerant, and water piping.

The entire unit shall be factory assembled and tested at the factory, and the water-
cooling unit shall be completely piped and wired. After connection to services and changes, if
required, the unit shall be ready for operation.

Steel spring isolators recommended by the Manufacturer shall be provided. All pipes
connected to the unit shall also be insulated.

3.1.2 Compressor

The compressor shall be either open or hermetically sealed, reciprocating, and of
constant speed type. The compressor shall be equipped with load cylinders, suction strainer,
forced-feed oil lubrication, and crankcase heater for the regulating devices specified in this
section. Each cylinder unloading device shall unload when the machine starts. Compressor
vibration under partial load operation shall not exceed that under full load operation. Moreover,
the compressor shall have the capacity to remain in continuous operation down to the specified
minimum level.

3.1.3 Liquid Refrigerant

The refrigerant shall be of a type suitable for the air conditioning unit to be used, such
as dichloro-difluoro-methane, monochloro-difluoro-methane, etc. The refrigerant or evaporator
shall be of the direct expansion type. The working pressure shall not be less than 15 bar on the
refrigerant side and 10 bar on the water side. The construction and tests of the refrigerant shall
be in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code. The tubes
shall be seamless copper.



The unit shall be complete with refrigerant circuit, liquid expansion valve, and an
expansion device adjustable to the minimum loading capacity. The performance of the
refrigerant on the water side shall ensure that the water velocity is not less than 1 m/s and not
more than 3 m/s.

3.14 Water-Cooled Condenser

The water-cooled condenser shall be of the multi-pass, shell and tube type, with copper
tubes expanded into steel tube sheets. The shell and end covers shall be made of steel. The
construction and tests of the water-cooled condenser shall be in accordance with Section V111 of
the ASME Boiler and Pressure Vessel Code. The tubes shall be seamless copper. The condenser
shall be designed and constructed for the specified working pressures of the refrigerant.

The condenser shall be equipped with the following accessories:
e Pressure relief device
e Liquid line shut-off valves
e Refrigerant supply connection with valve
e Drain valve
3.15 Controls, Control Panels and Indicators

The water cooling unit shall be provided with a control panel, factory piped and wired,
equipped with discharge pressure gauge, suction pressure gauge, oil pressure gauge, high
pressure circuit breaker, low pressure circuit breaker, oil pressure differential switch, low
temperature circuit breaker operating the compressor control light, a minimum two-stage
thermostat on the water inlet side, and all other relays or parts necessary for safe controlled
operation.

3.1.6 Base

The entire water-cooling unit shall be factory assembled on a steel base. The
compressor or the complete unit shall be mounted on vibration isolators, marked with their load
capacities.

3.1.7 Insulation

Insulation shall be provided on all piping between the evaporator and the compressor,
and on the refrigerant including the chilled water boxes or interconnection.

3.1.8  Air-Cooled Package Type Air Conditioner

The Manufacturer may propose an air-cooled package type air conditioner as the
cooling unit, provided that the approval of the Administration is obtained.



1) General

The package air conditioner shall consist of an indoor unit and an outdoor unit (outdoor
condenser). The indoor unit shall include compressor, fan, direct expansion coil, air filter, and
other necessary auxiliary components all enclosed in a housing, and shall operate with low noise
and vibration. Electric heaters and humidifiers shall be provided at the locations shown on the
drawings.

The compressor, fan, cooling coil, air filter and auxiliary components shall be as
described in the relevant section of the Specification.

2) Outdoor Unit (Outdoor Condenser)

The outdoor unit shall consist of a cross-fin coil, fan and motor, and housing, and shall
have sufficient capacity.

The tubes shall be copper and the blades aluminum. The blades shall be in close contact with
the tubes to minimize heat resistance at the base of the blades.

The blades shall be provided with suitable corrosion protection treatment such as chromate or
acrylic resin film.

3.2 Heating Ventilation Units

3.2.1 General

The air conditioning unit shall be a completely factory-manufactured standard package
type and shall include the following components:

e Welded frames including vibration isolation elements

e Semi-hermetic reciprocating compressor(s)

e Lubrication system

e Evaporator; air-cooled condenser or alternatively a water-cooled heat pump

¢ Internal automatic contacts and safety controls including an external control connection
system and supervisory system mounted in a separate electric panel

o Initial refrigerant

The performance of the air conditioning unit shall be certified in accordance with ARI
standards.

The heating ventilation units shall be low-pressure, single-section draw-through type as
shown in the drawings, and shall include airtight insulated casing, supply fan and exhaust fan
section, exhaust and mixing box section with chilled water (c/w) coils, filters, electric heating
coil section, direct expansion cooling coil section if required, and supply fan section. The units
shall be factory assembled type and equipped with the necessary information for unpacking at



construction site.
3.2.2 Fan - Coil Section

The fan-coil section shall be made of sheet steel not less than 1.5 mm nominal
thickness, protected with the Manufacturer’s standard finish. Drain ditches shall be made of
sheet steel not less than 2.0 mm nominal thickness and coated with waterproof material. The
fan-coil section shall be factory insulated against sound and heat leakage. The insulation material
shall be fiberglass not less than 2.5 mm thick and of 42 kg/m? density.

The drain ditches shall be factory insulated to prevent condensation.

The fans shall be double-inlet centrifugal type and shall conform to the requirements
specified in the FANS section.

3.2.3 Heating Coils

Electric resistance heating coils shall be designed as open resistance type with the
heating elements directly exposed to the airstream. The electrical characteristics, number of
stages and dimensions of the heating elements shall be as indicated on the drawings.

Three-phase heaters shall be installed with balanced three-phase stages. The Coil
Manufacturer and the heating ventilation equipment Manufacturer shall jointly determine the
actual dimensions. Coils shall properly fit into the spaces allocated to them in each unit or casing.
The elements shall be made of 80% nickel and 20% chromium, and the stages shall be adjusted
to prevent overlap under partial load operation. Terminal insulators and bearing supports shall
be made of ceramic and securely installed.

The frame shall be constructed of galvanized steel of sufficient size to provide structural
rigidity.

Electric heating coils shall be equipped with a thermal circuit breaker to prevent overheating of
the heater. A room thermostat shall be provided.

3.24 Cooling Coils

Cooling coils shall be of standard manufacture, preferably with copper tubes and
aluminum blades. Direct expansion cooling coils shall be of blade-tube type. Seamless copper
tubes and copper-aluminum blades shall be mechanically bonded or soldered. The casing and
tube support sheet shall be galvanized steel of 1.5 mm nominal thickness, providing structural
strength. Each coil shall be subjected to a 30-bar trial test pressure and a 20-bar leakage test.
The leakage test shall be carried out with the coil cleaned, dried, sealed with dry nitrogen suitable
for 20-bar working pressure, and tested under water with internal air pressure.

Cooling coils shall be mounted so that each element can be replaced individually. If
required for installation, duct doors shall also be included.



3.25 Filter Section

A sufficient number of filters shall be provided to limit the face velocity between filters
to a maximum of 2.0 m/min. Suitable sliding filter racks shall be provided, adjustable for
purpose, to allow removal or replacement of filters from the required side of the unit. End plates
shall include clamping elements to hold the filters tightly in place on the racks.

Wires permanently connected to the metal frame may get wet. Thus, they shall be
resistant to rust and corrosion.

Filter dimensions shall comply with the arrangement and dimensions of the sliding
racks on which they are mounted. Filters shall consist of panels no larger than 500 x 500 mm,
easily removable by hand without special tools.

All air filters shall be heat resistant, cleanable, aluminum wire screen type, coated with
a fluid substance such as filter oil or grease.

The frame of the panel cells shall be made of aluminum profiles.

A suitably located tube-type manometer shall indicate the pressure drop across the
filters to show when cleaning is required and shall provide an alarm to the Control Room at high
pressure differences.

3.3 Fans

331 General

The type, arrangement, speed, capacity, motor horsepower (HP) and motor voltage of
the fans shall be as shown on the drawings. All fans shall be statically and dynamically balanced
and shall operate with low noise and without vibration. Fans, motors and accessories shall be
painted with the Manufacturer’s standard primer and finished on all surfaces except where
special coating is required, and except for galvanized steel or aluminum surfaces. All fans shall
be evaluated by power in accordance with AMCA (Air Movement and Control Association)
approved test codes and methods. Fans driven directly or indirectly by V-belt drive mechanisms
shall be supplied complete with adjustable rails or bases. All fans shall be supplied with screens
or housings at suction and discharge ends. Housings shall be of hot-dip galvanized steel or
aluminum. Unless otherwise specified, screens shall not be required at duct connections. All
fans and motors shall be supplied with vibration-isolated supports or bases.

Each fan shall be selected to meet the required capacity at the specified total pressure.

Radial fans shall be multi-blade type, with forward-curved impellers for low powers
and backward-curved impellers for high powers. Axial fans shall be multi-blade propeller type.



All bearings shall be pre-lubricated, self-aligning, and selected to have an average life
of at least 40,000 hours at maximum design capacity. If lubrication is required, it shall be
possible to lubricate bearings from outside the housing without disturbing fan installation or
duct. Bearing supports shall be designed for smooth service. All shafts and impellers shall be
designed such that maximum rated operating speeds are below the first critical speed.

All motor bases shall be adjustable and selected for V-belt systems sized at 120% of
motor power.

The battery room exhaust fan shall be provided with non-sparking blades and an
explosion-proof motor.

3.3.2 Centrifugal Fans

Centrifugal fans shall be single or double inlet, fully enclosed type. Impellers shall be
non-overloading type, constructed vertically, and balanced both statically and dynamically to
eliminate unacceptable vibration and noise.

Fan blades shall be flat or airfoil-shaped up to 70 cm wheel diameter, and only airfoil-
shaped for wheel diameters of 70 cm and above.

Unless otherwise specified, bearings shall be grease-lubricated against friction and
equipped with alemite fittings.

Fan shafts shall be precisely machined steel, supplied with keys and keyways for
impeller hubs and sheaves.

Each fan discharge shall be properly dimensioned and designed for attachment to
flexible connections with angles and bolts. Motor-operated dampers shall be provided where
required and specified.

3.3.3 In-Duct Centrifugal Fan

In-duct centrifugal fans shall have a tubular steel casing, backward-curved centrifugal
blades, fixed discharge impeller blades, internal and external belt guards, and adjustable motor
supports.

Air shall enter and leave the fan axially. Inlets shall have impeller blades to streamline
the flow, prevent turbulence, and ensure smooth airflow at the outlet. Fan bearings and drive
assemblies shall be enclosed and isolated from the airstream. Bearings shall be self-lubricating
and sealed against dust and dirt. Motors shall be equipped with housings that are impermeable
to water formed by condensation.



34 Sheet Metal Works

34.1 Duct Works

Ducts of the heating, ventilation and air conditioning systems, except where noted
otherwise, shall be of galvanized sheet steel. Exhaust ducts of the Battery Room shall be plastic
(PVC).

Duct works shall comply with the recommendations given in the latest editions of
SMACNA (Sheet Metal and Air-Conditioning Contractors’ National Association) or American
Society of Heating, Refrigerating and Air-Conditioning Engineers guides for heating,
ventilation, cooling and air conditioning.

The minimum sheet thickness of rectangular ducts shall depend on the long side
dimension of the duct, as follows:

e Upto 250 mm 0.50 mm
e 251-500mm 0.62 mm
e 501-700mm 0.75 mm
e 701-1000 mm 0.90 mm
e 1001 - 1500 mm 1.00 mm
e 1500 - 2000 mm 1.15 mm
e 2000 - 2500 mm 1.20 mm
e 2500 mm and above 1.25 mm

The sheet thickness of circular ducts shall depend on the duct diameter, as follows:

e Up to 200 mm diameter 0.5 mm
e 201 —500 mm diameter 0.65 mm
e Above 500 mm diameter 0.80 mm

All ducts embedded in concrete shall be made of sheet steel with a minimum thickness
of 3 mm. All ducts shall be made airtight, and the total leakage rate shall not exceed 3% of the
total air volume.

Rectangular 90° elbows shall be provided with aerodynamically shaped guide valves.

All secondary ducts shall be provided with adjustable volume dampers to direct the
required quantity of air from the main duct to the outlets and to assist in balancing the system.

Ducts smaller than 400 mm shall be reinforced directly with bands attached to their
edges. Ducts larger than 400 mm shall be reinforced in accordance with American Society of
Heating, Refrigerating and Air-Conditioning Engineers recommended construction practices,
supported with angles and hanger rods with adjustable nuts. Hanger rods shall be fixed to the



ceiling or wall by means of concrete bolts or anchorage rods. The term “duct size” shall refer to
the duct diameter for circular ducts or long side dimension for rectangular ducts. The maximum
allowable distance between duct supports shall be 1500 mm. Ducts shall be constructed and
installed to be completely protected from vibration under all operating conditions.

All ducts shall be provided with airtight doors for inspection and maintenance.

Flat bars shall be mounted perpendicular to the duct, and bar length shall be adjustable
by a handle.

Where vertical ducts pass through floors, they shall be bolted at each floor to the floor
and/or side wall with 50 x 50 x 5 mm angles. The term “floor” shall refer to the base of each
storey.

Duct joints shall be either sliding joints or flanged connections. Flanged joints shall be
airtight, achieved by rubber gaskets along the flange joint and tight bolts.

All longitudinal seams shall be made at duct corners.

The centerline radius of elbows shall not be less than 1.5 times the duct width. Where
this requirement cannot be met due to site conditions, another system may be applied with the
approval of the Administration.

Abrupt changes in duct section shall be avoided. The angle of section shall not be less
than 15 degrees, but in unavoidable cases, with the approval of the Administration, angles up to
30 degrees may be permitted.

3.4.2 Air Handling Equipment

The air handling unit shall preferably be of modular form for easy installation,
robust, compact, with galvanized steel housing, and factory assembled. The air handling unit
shall include sound-absorbing elements in the internal walls as required.

The air handling unit shall be equipped with the following:
e Mixing box
e Air filters
e Cooling coils with a water separator and condensed water discharge.
e Electric air heater
e Supply and return air fans

Each main supply, return, and fresh air duct shall be provided with temperature
indicators located adjacent to the air handling unit.



1) Volume Dampers

At each duct branch, adjustable galvanized splitters, rotating on axis and completed
with quarter-turn locks, shall be provided at the downstream end in the direction of airflow. At
each duct branch connection, adjustable-blade dampers with axis rotation and quarter-turn
clockwise locking shall be provided at the downstream end. In each clean air duct, exhaust
branch duct, and in all other ducts unless otherwise specified, adjustable compression dampers
with axis rotation and quarter-turn clockwise locks shall be placed.

Volume dampers shall operate precisely without generating noise or vibration, shall fit
tightly into the casing to prevent leakage when fully closed, and shall be constructed so as not
to disturb the airflow when fully open. The number of blades shall be one (1) for each 200 mm
or less of duct height or width, and each blade shall provide at least 15 mm overlap.

Blades shall be made of galvanized iron with a minimum thickness of 1.5 mm, or not
less than 0.6 mm for sharpened types.

Dampers shall have adequate operating mechanisms. Doors or plates shall be provided
for all concealed damper operators and locking screws.

2) Fire Dampers

Fire dampers shall be provided for ducts passing through ceilings and floors. Fire
dampers shall be made of heat-resistant materials and shall comply with the requirements
specified in NFPA 90A (National Fire Protection Association).

343 Air Outlets (Ventilation Grilles)
1) General

Air outlets shall be factory manufactured from steel or aluminum and shall distribute
the specified quantity of air to the designed area. During distribution, air outlets shall not create
significant drafts, shall not cause air velocity greater than 0.25 m/s in the conditioned room, and
shall deliver air uniformly throughout the space. If the dimensions specified in the drawings do
not comply with the guaranteed performance data of the Manufacturer, units shall be reselected
in accordance with the Manufacturer’s recommendations, subject to the approval of the
Administration, to ensure quiet and efficient operation. All air outlets shall be submitted for
approval before installation or purchase order. This equipment shall receive the factory primer
and other specified finishing treatments.

2) Distributors

Distributors shall be round, square, or rectangular type and shall have fixed or
adjustable discharge arrangements as shown on the drawings. Distributors shall be completed
with opposed-blade dampers at the back. Ceiling-mounted units shall be fixed tightly to the
ceiling with recessed, gouged, or surface-mounted straps. Suitable arrangements shall be made
for recessed-mounted distributors. The exhaust unit outlets shall be identical to those of the
supply distributors where specified.



3) Ventilation Grilles
Ventilation grilles shall, unless otherwise specified, be four-way directional type.

However, return and exhaust air grilles shall be horizontal and vertical louver type and
shall have the same appearance as the supply air grille when viewed from the front. Grilles shall
be supplied with flanges and sponge rubber gaskets between wall or ceiling surfaces. Opposed-
blade dampers shall also be provided at the rear of the grilles. Supply air grilles shall be equipped
with horizontal and vertical adjustable louvers to direct the airflow.

Supply and return air grilles shall be provided with dampers for airflow control.
Dampers shall be operable from the surface of the air regulator. Return air grilles shall be
provided with 45° horizontal blades.

Duct layouts and grille locations shall be coordinated with the architectural and lighting
layouts of the serviced areas.

Grilles in air-conditioned areas shall be made of aluminum and sized in accordance
with sound level criteria. All other grilles shall be made of steel and hot-dip galvanized after
manufacture. Grilles in Battery Rooms shall be made of PVC.

4) Screens

Screens shall be the same as the ventilation grilles specified in this section but without
volume control dampers.

5) Louvers

Outside air louvers for fresh air and exhaust air systems shall prevent entry of snow,
rain, insects, birds, and debris into the ducts. Louvers shall be installed and located as shown on
the drawings. Louver blades shall be made of aluminum or galvanized steel sheets, and the frame
shall be made of galvanized steel or aluminum profiles. Blades shall be securely and precisely
attached to the frame. The sheet thickness and manufacturing of louvers shall comply with
SMACNA (Sheet Metal and Air-Conditioning Contractors’ National Association) “Low
Pressure Duct Construction Standards.” The edges of the louver blades shall be bent to prevent
entry of rainwater.

Louvers shall be selected to provide at least 60% free space.

Louver approach velocities shall be limited to 2 m/s for air intake diffusers and 2.5 m/s
for exhaust louvers.



344 Acoustic Duct Line

The acoustic duct line shall be made of fiberglass specifically designed for duct
applications. The composition of the lining shall have a uniform density of 42 kg/m*. The
thickness of the lining shall not be less than 25 mm. The duct dimensions shown on the drawings
shall be clear internal dimensions and shall be increased to compensate for the thickness of the
lining. The acoustic duct lining shall be provided as shown and specified in the drawings.

345 Thermal Insulation

The supply and return ducts of the air conditioning and heating systems, including coil
casings, filter boxes, mixing boxes, fans, and all other pressure-operated components, shall be
covered with insulation material, except as specified below. Ducts designated as acoustic ducts
shall not be externally insulated. Supply and return ducts located in conditioned spaces shall not
be insulated unless otherwise indicated. Return air ducts in room ceilings shall not be insulated.
Ventilation supply and exhaust ducts shall not be insulated.

Duct insulation material shall be fiberglass (glass wool) with a density of 42 kg/m?, with
a 2.5 mm thick vapor barrier applied either at the factory or on construction site. The insulation
material shall be securely attached to the metal surface with suitable adhesive, sheet metal
screws and discs, or acceptable types of mechanical fasteners. All air conditioning supply, return
and fresh air ducts shall be insulated to prevent heat loss or gain and condensation on duct
surfaces. Insulation shall be continuous through wall penetrations.

Insulation material shall be 30 mm — 40 mm thick, non-hygroscopic, non-decaying,
preferably made of mineral base material such as rock wool. Insulation meshes or boards shall
be attached to the ducts and wrapped with aluminum foil providing a vapor barrier. In addition
to the above-mentioned thickness, the insulation material shall be sufficient to meet the specified
acoustic guarantees.

3.5 Temperature Controls

351 General

Temperature controls shall be electric, electronic, solid-state electronic, or a
combination thereof, and shall provide the required operating control flow.

The Manufacturer of the control system shall submit a schematic diagram of the
automatic temperature control system showing relays, control valves, control dampers, fault
alarms, switches, wiring arrangement, etc., and all other parts required for the operation of the
control system.

3.5.2 Dampers

All dampers shall be sized according to the requirements of the temperature control
Manufacturer, using methods similar to valve sizing, but not smaller than the ducts in which
they are installed. A connection shall be provided to the damper operator to ensure linear flow
characteristics for all mixing damper applications. Operators shall be of the electrically actuated



type. The gear assembly of the motors operating the dampers shall work in an oil bath.
Dampers shall be manufactured with welded profile-section frames.

Dampers, including smoke dampers, shall be operated by spring-type control motors.
Modulating dampers shall be equipped with spring-type friction devices to hold the blades in
any position.

Damper operating bearings shall be oil-retaining porous bronze type and shall be press-
fitted into the frame.

Dampers, smoke and fire dampers together with their frames, shall be hot-dip
galvanized after manufacture.

Where dampers are installed inside insulated ducts, the damper actuators shall be
mounted outside the insulation with adequate clearance.

The location of fire and smoke dampers shall comply with NFPA requirements. Fire and
smoke dampers shall be UL 555 class.

353 Valves

Control valves shall be direct expansion refrigerant solenoid and expansion valves,
sized by the control Manufacturer according to the refrigerant type. The nominal pressure rating
of the body shall not be less than 30 kg/cm?.

354 Room Thermostats

All room thermostats shall be proportional control type, with adjustable sensitivity and
balance, fitted with visible scales and thermometers.

355 Embedded Thermostat

1) Embedded thermostats used for measuring air and water temperatures shall be
equipped with thermal systems or nickel steel rods and tubular scales, and shall be proportional
control type with adjustable sensitivity.

2) Thermostats that determine the average value, installed to measure the average
temperature of a duct or space shall have a 6 meters long active measuring element.

3) Removable slots shall be provided for elements mounted in water lines. Suitable mounting
and supporting accessories shall be used for rigid or capillary elements installed in ducts.

35.6 Heat Detectors

All heat detectors shall be electrically and manually operated and adjustable.



If the return air reaches 60 °C, the heat detectors installed in the return or exhaust air
ducts shall cut off the electrical connections of the supply, return and exhaust fans.

357 Unit Control Panel

Where required or specified, individual air or combined control panels shall be
provided. The panel shall be made of black steel, turned at the edges and not less than 1.5 mm
nominal thickness. Instruments shall be flush mounted or rear-mounted on the wall, and
completely wired and piped to properly defined strip terminals. Pipe and cable connections shall
be at the rear of the panel. Each panel shall include starters, protective devices, meters, and other
control devices normally not supplied with the equipment.

4 TESTING, BALANCING AND ADJUSTING

4.1 General

Testing, balancing, and adjusting shall be carried out in accordance with the relevant
standards. For these procedures, approved instruments shall be used and result reports shall be
submitted. Each supply and exhaust air system shall be balanced under the specified conditions
and at the designated air quantities. Control devices shall be installed at the specified or
designated points for monitoring. Bearings shall be lubricated, the rotation directions and speeds
of fans shall be checked. The operating current of each motor shall also be verified.

4.2 Test Results

The values obtained from the testing and balancing procedures shall be submitted to
the Administration by the Manufacturer in tabular form. The tables shall include at a
minimum the following values:

4.2.1 Fans
o Type,
e Size,
e Speed, rpm

e Qutlet velocity, m/s

e Static pressure,

e Air quantity, m3/h
e Motor load, A
4.2.2 Heating Ventilation Units

e Type,



e Size,

e Fan speed, rpm

e Outlet velocity, m/s

e External static pressure

e Total static pressure

e Air quantity, m*h

e Motor load, amperes
4.2.3 Air Balancing
1) Air outlets and inlets

e Size,

e Velocity, m/s

e Air quantity, m*/h
2) Coils

e Size,

e Front velocity, m/s

e Coil entering and leaving air temperatures
3) Ducts

e Size,

e Velocity, m/s

e Air quantity, m*h

4.2.4 Pumps
o Type,
e Size,

e velocity, m/s
e Total dynamic head,

e Capacity, m*/h



e Motor load, amperes

4.3 Control Devices

The arrangements installed at construction site for all automatic controls shall include
thermostats, safety controls, flameproof thermostats, minimum damper equipment, pressure
controls, temperature controls, and other components. The above-mentioned devices shall be
supplied together with prepared tables specifying the type, location, arrangement, and function
of the controls.

5 OPERATION AND MAINTENANCE INFORMATION

Approved wiring and control diagrams showing the complete layout of the system,
including equipment, piping, valves, and control sequence, shall be placed at the designated
locations enclosed in glass or transparent plastic. In addition, concise and clear operating
instructions, covering preventive maintenance methods, methods of inspecting for normal and
safe operation, and procedures for safely starting up the system, shall be typewritten, enclosed
as described above, and posted across the diagrams. The above information, prepared in tabular
form, shall be provided before the system acceptance test.

For each piece of equipment, complete operation and maintenance instructions shall be
delivered in the quantities required by the Administration.



