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SECTION 23 7700 
VRV HEAT RECOVERY

PART 1  GENERAL

1.01
System: VARIABLE REFRIGERANT VOLUME (VRV IV) AIR CONDITIONING



SPECIFICATION – Three Pipe Heat Recovery
1.02
SYSTEM DESCRIPTION

A.
The variable capacity, heat recovery air conditioning system shall be a Daikin Variable Refrigerant Volume Series (heat and cool model) split system as specified.  The system shall consist of multiple evaporators, branch selector boxes, REFNET™ joints and headers, a three pipe refrigeration distribution system using PID control and Daikin VRV( condenser unit. The condenser shall be a direct expansion (DX), air-cooled heat recovery, multi-zone air-conditioning system with variable speed inverter driven compressors using R-410A refrigerant.  The condensing unit may connect an indoor evaporator capacity up to 200% of the condensing unit capacity.  All zones are each capable of operating separately with individual temperature control.  A dedicated hot gas pipe shall be required to ensure optimum heating operation performance.  Two-pipe, heat recovery systems utilizing a lower temperature mixed liquid/gas refrigerant to perform heat recovery are not acceptable due to reduced heating capabilities.

B.
The Daikin condensing unit shall be interconnected to indoor unit models FXFQ, FXHQ, FXMQ, FXLQ, FXNQ, FXTQ, FXDQ, FXZQ, FXAQ, FXMQ_MF and FXUQ and shall range in capacity from 7,500 Btu/h to 96,000 Btu/h in accordance with Daikin’s engineering data book detailing each available indoor unit.  The indoor units shall be connected to the condensing unit utilizing Daikin’s REFNET™ specified piping joints and headers to ensure correct refrigerant flow and balancing.  T style joints are not acceptable for a variable refrigerant system.

C.
Operation of the system shall permit either individual cooling or heating of each indoor unit simultaneously or all of the indoor units associated with each branch of the cool/heat selector box (BSQ_T / BS_Q54T).  Each indoor unit or group of indoor units shall be able to provide set temperature independently via a local remote controller, an Intelligent Controller, an Intelligent Manager or a BMS interface.

D.
Branch selector boxes shall be located as shown on the drawing. The branch selector boxes shall have the capacity to control up to 290 MBH (cooling) downstream of the branch selector box.  Each branch of the branch selector box shall consist of three electronic expansion valves, refrigerant control piping and electronics to facilitate communications between the box and main processor and between the box and indoor units.  The branch selector box shall control the operational mode of the subordinate indoor units.  The use of three EEV’s ensures continuous heating during defrost (multiple condenser systems), no heating impact during changeover and reduced sound levels.  The use of solenoid valves for changeover and pressure equalization shall not be acceptable due to refrigerant noise.

1.03
VRV IV CONSTRUCTION

A.
Voltage Platform –Heat recovery condensing units shall be available with a 208-230V/3/60 power supply.
B.
Advanced Zoning – A single system shall provide for up to 64 zones.
C.
Independent Control – Each indoor unit shall use a dedicated electronic expansion valve with 2000 positions for independent control.
D.
VFD Inverter Control and Variable Refrigerant Temperature – Each condensing unit shall use high efficiency, variable speed all “inverter” compressor(s) coupled with inverter fan motors to optimize part load performance. The system capacity and refrigerant temperatures shall be modulated automatically to set suction and condensing pressures while varying the refrigerant volume for the needs of the cooling or heating loads. The control will be automatic and customizable depending on load and weather conditions.
E.
Indoor units shall use PID to control superheat to deliver a comfortable room temperature condition and optimize efficiency.
F.
Configurator software – Each system shall be available with configurator software package to allow for remote configuration of operational settings and also for assessment of operational data and error codes. If this software is not provided by an alternate manufacturer, for each individual outdoor unit the contractor shall do the settings manually and keep detailed records for future maintenance purposes. 
G.
Autocharging – Each system shall have a refrigerant auto-charging function.
H.
Defrost Heating – Multiple condenser VRV systems shall maintain continuous heating during defrost operation.  Reverse cycle (cooling mode) defrost operation shall not be permitted due to the potential reduction in space temperature. 
I.
Oil Return Heating – Multiple condenser VRV systems shall maintain continuous heating during oil return operation.  Reverse cycle (cooling mode) oil return during heating operation shall not be permitted due to the potential reduction in space temperature.
J.
Low Ambient Cooling – Each system shall be capable of low ambient cooling operation to -13°F DB.
K.
Independent Control – Each indoor unit shall use a dedicated electronic expansion valve for independent control.
L.
Design – 

1.
Systems shall be capable of up to 540ft (623ft equivalent) of linear piping between the condensing unit and furthest located indoor unit.

2.
Systems shall be capable of up to 3,280ft total “one-way” piping in the piping network.

3.
Systems shall have a vertical (height) separation of up to 295ft between the condensing unit and the indoor units.

4.
Systems shall be capable of up to 295ft from the first REFNET™ / branch point.

5.
The condensing unit shall have the ability to connect an indoor unit evaporator capacity of up to 200% of the condensing unit capacity.

6.
Systems shall be capable of 98ft vertical separation between indoor units.

7.
Condensing units shall be supported with a fan motor ESP up to 0.32”. WG as standard to allow connection of discharge ductwork and to prevent discharge air short circuiting.
M.
Oil Return – Each system shall be furnished with a centrifugal oil separator and active oil recovery cycle.

N.
Simple Wiring – Systems shall use 16/18 AWG, 2 wire, multi-stranded, non-shielded and non-polarized daisy chain control wiring.
O.
Outside Air – Systems shall provide outside air capability.
P.
Space Saving – Each system shall have a condensing unit module footprint as small as 36-5/8’’ x 30-1/8’’.
Q.
Advanced Diagnostics – Systems shall include a self-diagnostic, auto-check function to detect a malfunction and display the type and location.
R.
Each condensing unit shall incorporate contacts for electrical demand shedding with optional 3 stage demand control with 12 customizable demand settings. 
S.
Advanced Controls – Each system shall have at least one remote controller capable of controlling up to 16 indoor units.
T.
Each system shall be capable of integrating with open protocol BACnet and LonWorks building management systems.
U.
Low Sound Levels – Each system shall use indoor and condensing units with quiet operation as low as 27 dB(A).

1.04
QUALITY ASSURANCE

A.
The units shall be tested by a Nationally Recognized Testing Laboratory (NRTL), in accordance with ANSI/UL 1995 – Heating and Cooling Equipment and bear the Listed Mark.
B.
All wiring shall be in accordance with the National Electric Code (NEC).
C.
The system will be produced in an ISO 9001 and ISO 14001 facility, which are standards set by the International Standard Organization (ISO).  The system shall be factory tested for safety and function.
D.
Mechanical equipment for wind-born debris regions shall be designed in accordance with ASCE 7-2010 and installed to resist the wind pressures on the equipment and the supports.
E.
The condensing unit will be factory charged with R-410A.

1.05
DELIVERY, STORAGE AND HANDLING

Part 2 – WARRANTY
2.1
STANDARD LIMITED WARRANTY

A.
Daikin North America LLC warrants original owner of the non-residential building, multifamily residence or residence in which the Daikin products are installed that under normal use and maintenance for comfort cooling and conditioning applications such products (the “Products”) will be free from defects in material and workmanship. This warranty applies to compressor and all parts and is limited in duration to ten (10) years starting from the ‘’installation date’’ which is one of the two dates below:

1.
The installation date is the date that the unit is originally commissioned, but no later than 18 months after the manufacture date noted on the unit’s rating plate.

2.
If the date the unit is originally commissioned cannot be verified, the installation date is three months after the manufacture date.


Complete warranty details available from your local Daikin representative or at www.daikincomfort.com –

Part 3  PERFORMANCE

3.01
The VRV IV REYQ_T system shall perform as indicated below:

	Model Number
	System IEER* 

(part load - ducted)
	System IEER* 

(part load – non-ducted)
	System IEER* 

(part load - mixed)

	REYQ168TTJU
	19.50
	22.00
	20.75


	Model Number
	System SCHE* 

(part load - ducted)
	System SCHE* 

(part load – non-ducted)
	System SCHE* 

(part load - mixed)

	REYQ168TTJU
	22.80
	26.60
	24.70


3.02
OPERATING RANGE

A.
The operating range in cooling or cooling dominant simultaneous cooling/heating will be (-13°F) 23°F DB ~ 122°F DB. 
B.
Each system as standard shall be capable of onsite reprogramming to allow low ambient cooling operation down to -13°F DB.
C.
The operating range in heating or heating dominant simultaneous cooling/heating will be -13°F WB – 60°F WB. 
D.
If an alternate equipment manufacturer is selected, the mechanical contractor shall provide, at their own risk and cost, all additional material and labor to meet low ambient operating condition and performance.

Cooling mode indoor room temperature range will be 57°F-77°F WB.

Heating mode indoor room temperature range will be 59°F-80°F DB.
3.03
REFRIGERANT PIPING

A.
The system shall be capable of refrigerant piping up to 540 actual feet or 623 equivalent feet from the condensing unit to the furthest indoor unit, a total combined liquid line length of 3,280 feet of piping between the condensing and indoor units with 295 feet maximum vertical difference, without any oil traps.
B.
REFNET™ piping joints and headers shall be used to ensure proper refrigerant balance and flow for optimum system capacity and performance.  T style joints shall not be acceptable as this will negatively impact proper refrigerant balance and flow for optimum system capacity and performance.
3.04
DESIGN BASIS

A.
The HVAC equipment basis of design is Daikin North America.  All bidders shall furnish the minimum system standards as defined by the base bid model numbers, model families or as otherwise specified herein (see Key General Specifications Alternate Supplier Checklist).  In any event, the contractor shall be responsible for all specified items and intents of this document without further compensation.

Part 4   PRODUCTS

4.01
CONDENSING UNIT

A.
General:  The condensing unit is designed specifically for use with VRV IV series components.

1.
The condensing unit shall be factory assembled in the USA and pre-wired with all necessary electronic and refrigerant controls.  The refrigeration circuit of the condensing unit shall consist of Daikin inverter scroll compressors, motors, fans, condenser coil, electronic expansion valves, solenoid valves, 4-way valve, distribution headers, capillaries, filters, shut off valves, oil separators, service ports, liquid receiver and suction accumulator.

a.
High/low pressure gas line, liquid and suction lines must be individually insulated between the condensing and indoor units.

2.
The condensing unit can be wired and piped with access from the left, right, rear or bottom.

3.
The connection ratio of indoor units to condensing unit shall be permitted up to 200%.

4.
Each condensing system shall be able to support the connection of up to 64 indoor units dependent on the model of the condensing unit.

5.
The sound pressure level standard shall be that value as listed in the Daikin engineering manual for the specified models at 3 feet from the front of the unit.  The condensing unit shall be capable of operating automatically at further reduced noise during night time or via an external input.

6.
The system will automatically restart operation after a power failure and will not cause any settings to be lost, thus eliminating the need for reprogramming.
7.
The unit shall incorporate an auto-charging feature. Manual changing should be support with a minimum of 2 hours of system operation data to ensure correct operation.
8.
The condensing unit shall be modular in design and should allow for side-by-side installation with minimum spacing. 
9.
The following safety devices shall be included on the condensing unit; high pressure sensor and switch, low pressure sensor, control circuit fuses, crankcase heaters, fusible plug, overload relay, inverter overload protector, thermal protectors for compressor and fan motors, over current protection for the inverter and anti-recycling timers.

10.
To ensure the liquid refrigerant does not flash when supplying to the various indoor units, the circuit shall be provided with a sub-cooling feature.

11.
Oil recovery cycle shall be automatic occurring 2 hours after start of operation and then every 8 hours of operation.  Each system shall maintain continuous heating during oil return operation. 

12.
The condensing unit shall be capable of heating operation at -13°F wet bulb ambient temperature without additional low ambient controls or an auxiliary heat source.

13.
The multiple condenser VRV systems shall continue to provide heat to the indoor units in heating operation while in the defrost mode.  
B.
Unit Cabinet:

1.
The condensing unit shall be completely weatherproof and corrosion resistant.  The unit shall be constructed from rust-proofed mild steel panels coated with a baked enamel finish.
C.
Fan:

1.
The condensing unit shall consist of one or more propeller type, direct-drive 350 or 750 W fan motors that have multiple speed operation via a DC (digitally commutating) inverter

2.
The condensing unit fan motor shall have multiple speed operation of the DC (digitally commutating) inverter type, and be of high external static pressure and shall be factory set as standard at 0.12 in. WG.  A field setting switch to a maximum 0.32 in. WG pressure is available to accommodate field applied duct for indoor mounting of condensing units. 

3.
The fan shall be a vertical discharge configuration with a nominal airflow maximum range of 5,544 CFM to 24,684 CFM dependent on model specified.

4.
Nominal sound pressure levels shall be as shown below.

	Model Number
	Sound Pressure Level dB(A)

	REYQ168TTJU
	65


5.
The fan motor shall have inherent protection and permanently lubricated bearings and be mounted.

6.
The fan motor shall be provided with a fan guard to prevent contact with moving parts.

7.
Night setback control of the fan motor for low noise operation by way of automatically limiting the maximum speed shall be a standard feature.  Operation sound level shall be selectable from 3 steps as shown below

	Operation Sound dB(A)
	Night Mode

Sound Pressure Level dB(A)

	Step 1 max.
	55

	Step 2 max.
	50

	Step 3 max.
	45


D.
Condenser Coil:

1.
The condenser coil shall be manufactured from copper tubes expanded into aluminum fins to form a mechanical bond.

2.
The heat exchanger coil shall be of a waffle louver fin and rifled bore tube design to ensure high efficiency performance.

3.
The heat exchanger on the condensing units shall be manufactured from Hi-X seamless copper tube with N-shape internal grooves mechanically bonded on to aluminum fins to an e-Pass Design.

4.
The fins are to be covered with an anti-corrosion Ulta Gold coating as standard with a salt spray test rating of 1000hr (ASTM B117 & Blister Rating:10), Acetic acid salt spray test: 500hr (ASTM G85 & Blister Rating:10)

5.
The pipe plates shall be treated with powdered polyester resin for corrosion prevention.  The thickness of the coating must be between 2.0 to 3.0 microns. 

6.
The outdoor coil shall have three-circuit heat exchanger design eliminating the need for bottom plate heater. The lower part of the coil shall be used for inverter cooling and be on or off during heating operation enhancing the defrost operation.

7.
The condensing unit shall be factory equipped with condenser coil guards on all sides.  
E.
Compressor:

1.
The Daikin inverter scroll compressors shall be variable speed (PVM inverter) controlled which is capable of changing the speed to follow the variations in total cooling and heating load as determined by the suction gas pressure as measured in the condensing unit.  In addition, samplings of evaporator and condenser temperatures shall be made so that the high/low pressures detected are read every 20 seconds and calculated.  With each reading, the compressor capacity (INV frequency) shall be controlled to eliminate deviation from target value. Non inverter-driven compressors, which may cause starting motor current to exceed the nominal motor current (RLA) and require larger wire sizing, shall not be allowed.

2.
The inverter driven compressor in each condensing unit shall be of highly efficient reluctance DC (digitally commutating), hermetically sealed scroll “G-type” or “J-type”.

3.
Neodymium magnets shall be adopted in the rotor construction to yield a higher torque and efficiency in the compressor instead of the normal ferrite magnet type.  At complete stop of the compressor, the neodymium magnets will position the rotor into the optimum position for a low torque start.

4.
The capacity control range shall be as low as 3% to 100%.

5.
The compressors’ motors shall have a cooling system using discharge gas, to avoid sudden changes in temperature resulting in significant stresses on winding and bearings.
6.
Each compressor shall be equipped with a crankcase heater, high pressure safety switch, and internal thermal overload protector.

7.
Oil separators shall be standard with the equipment together with an intelligent oil management system.

8.
The compressor shall be spring mounted to avoid the transmission of vibration eliminating the standard need for spring insolation.

9.
Compressor configurations  

	Tonnage
	Number of Compressors
	Compressor Types

	14
	2
	All inverter controlled 


10.
In the event of compressor failure the remaining compressors shall continue to operate and provide heating or cooling as required at a proportionally reduced capacity.  The microprocessor and associated controls shall be designed to specifically address this condition.

11.
In the case of multiple condenser modules, conjoined operation hours of the compressors shall be balanced by means of the Duty Cycling Function, ensuring sequential starting of each module at each start/stop cycle, completion of oil return, completion of defrost or every 8 hours and extending the operating life of the system. When connected to a central control system, sequential start is activated for all system on each DIII network. 
F.
Electrical:

1.
The power supply to the condensing unit shall be 208-230 volts, 3 phase, 60 hertz +/- 10%.

	Power Supply Voltage
	Voltage Range

	208-230V/3/60
	187V-253V


	Model 


	MCA 
	MOP
	Compressor RLA

	REYQ168TTJU
	61.9
	70
	17.4 + 24.4


2.
The control voltage between the indoor and condensing unit shall be 16VDC non-shielded, stranded 2 conductor cable.

3.
The control wiring shall be a two-wire multiplex transmission system, making it possible to connect multiple indoor units to one condensing unit with one 2-cable wire, thus simplifying the wiring installation.
4.
The control wiring lengths shall be as shown below.

	 
	Condenser to Indoor Unit
	Condenser to Central Controller
	Indoor Unit to Remote Control

	Control Wiring Length
	6,665 ft
	3,330 ft
	1,665 ft

	Wire Type
	16/18 AWG, 2 wire, non-polarity, non-shielded, stranded


4.02
BS(4/6/8/10/12)Q_T BRANCH SELECTOR BOX FOR VRV IV HEAT RECOVERY SYSTEM

A.
General:  The BSQ36TVJ, BSQ60TVJ, BSQ96TVJ, BS4Q54TVJ, BS6Q54TVJ, BS8Q54TVJ, BS10Q54TVJ and BS12Q54TVJ branch selector boxes are designed specifically for use with VRV IV series heat recovery system components.

1.
These selector boxes shall be factory assembled, wired, and piped.

2.
These BSQ_T / BS(4/6/8/10/12)Q54T branch controllers must be run tested at the factory.

3.
These selector boxes must be mounted indoors.

4.
When simultaneously heating and cooling, the units in heating mode shall energize their subcooling electronic expansion valve. 
5.
The number of connectable indoor units shall be in accordance with the table below:

	Model Number
	Maximum Connectable Cooling Capacity
	Maximum Number of Connectable Indoor Units Per Branch

	BS12Q54TVJ
	290,000 Btu/h
	5


B.
Unit Cabinet:

1.
These units shall have a galvanized steel plate casing.

2.
Each cabinet shall house 3 electronic expansion valves for refrigerant control per branch.

3.
The cabinet shall contain one subcooling heat exchanger per branch.

4.
The unit shall have sound absorption thermal insulation material made of flame and heat resistant foamed polyethylene.

5.
Nominal sound pressure levels must be measured and published on the submittals by the manufacturer. These sound levels must not exceed the values below.

	Model Number
	Sound Level dB(A)

Operating
	Sound Level dB(A)

Max

	BS12Q54TVJ
	40
	48


6.
If an alternate manufacturer is selected, the mechanical contractor shall provide, at their own cost and expense, any additional material and labor to meet the published sound levels above.
C.
Dimensions:

1.
Each BSQ_T unit shall be no larger than 8-1/8” x 15-1/4” x 12-13/16”.

2.
Each BS4Q_T shall be no larger than 11-3/4” x 14-9/16” x 18-15/16”.

3.
Each BS(6/8)Q_T shall be no larger than 11-3/4” x 22-13/16” x 18-15/16”.

4.
Each BS(10/12)Q_T shall be no larger than 11-3/4” x 32-5/16” x 18-15/16”.
D.
Refrigerant Valves:

1.
The unit shall be furnished with 3 electronic expansion valves per branch to control the direction of refrigerant flow.  The use of solenoid valves for changeover and pressure equalization shall not be acceptable due to refrigerant noise. 

2.
The refrigerant connections must be of the braze type.

3.
In multi-port units, each port shall have its own electronic expansion valves. If common expansion/solenoid valves are used, redundancy must be provided.

4.
Each circuit shall have at least one (36,000 Btu/h indoor unit or smaller for the BSQ36TVJ, 54,000 Btu/h indoor unit or smaller for the BS(4/6/8/10/12)Q54TVJ, 60,000 Btu/h indoor unit or smaller for the BSQ60TVJ and 96,000 Btu/h indoor unit or smaller for the BSQ96TVJ) branch selector box.

5.
Multiple indoor units may be connected to a branch selector box with the use of a REFNET™ joint provided they are within the capacity range of the branch selector.
E.
Condensate Removal:

1.
The unit shall not require provisions for condensate removal. A safety device or secondary drain pan shall be installed by the mechanical contractor to comply with the applicable mechanical code, if an alternate manufacturer is selected.
F.
Electrical:

1.
The unit electrical power shall be 208/230 volts, 1 phase, 60 hertz.

2.
The unit shall be capable of operation within the limits of 187 volts to 255 volts.

3.
The minimum circuit amps (MCA) shall be 0.1 and the maximum overcurrent protection amps (MOP) shall be 15.

4.
The control voltage between the indoor and condensing unit shall be 16VDC non-shielded 2 conductor cable.

4.03
VRV INDOOR UNITS

4.04
FXFQ_T – ROUND FLOW SENSING CEILING CASSETTE UNIT

A.
General:  Daikin indoor unit model FXFQ_T shall be a round flow ceiling cassette fan coil unit, operable with R-410A refrigerant, equipped with an electronic expansion valve, direct drive DC (ECM) type fan, for installation into the ceiling cavity equipped with an air panel grill.  It shall be available in capacities from 7,500 Btu/h to 48,000 Btu/h.  Model numbers are FXFQ07TVJU, FXFQ09TVJU, FXFQ12TVJU, FXFQ15TVJU, FXFQ18TVJU, FXFQ24TVJU, FXFQ30TVJU, FXFQ36TVJU, FXFQ48TVJU to be connected to outdoor unit model RXYQ / RXYMQ / RWEYQ heat pump and REYQ / RWEYQ heat recovery model.  It shall be a round flow air distribution type, fresh white, impact resistant decoration panel, or optional self-cleaning filter panel.  The supply air is distributed via four individually motorized louvers.  To save energy and optimize occupancy comfort, the indoor unit shall be equipped with built in occupancy sensor and surface temperature sensor. Computerized PID control shall be used to control superheat to deliver a comfortable room temperature condition.   The unit shall be equipped with a programmed drying mechanism that dehumidifies while limiting changes in room temperature when used with Daikin remote control BRC1E72, BRC1E73, BRC2A71 and BRC1E52B7.  The indoor units sound pressure shall range from 30 dB(A) to 45 dB(A) at High speed measured at 5 feet below the unit.

B.
Performance: Each unit’s performance is based on nominal operating conditions:

1.
Indoor Unit:

a.
The Daikin indoor unit FXFQ_T shall be completely factory assembled and tested.  Included in the unit is factory wiring, piping, electronic proportional expansion valve, control circuit board, fan motor thermal protector, flare connections, condensate drain pan, condensate drain pump, condensate safety shutoff and alarm, self-diagnostics, auto-restart function, 3-minute fused time delay, and test run switch.

b.
Indoor unit and refrigerant pipes will be charged with dehydrated air prior to shipment from the factory.

c.
Both refrigerant lines shall be insulated from the outdoor unit.

d.
The round flow supply air flow can be field modified to 23 different airflow patterns to accommodate various installation configurations including corner installations.

e.
Return air shall be through the concentric panel, which includes a resin net, mold resistant, antibacterial filter.

f.
The indoor units shall be equipped with a condensate pan with antibacterial treatment and condensate pump. The condensate pump provides up to 33-1/2” of lift from bottom of unit to top of drain piping and has a built in safety shutoff and alarm.

g.
The indoor units shall be equipped with a return air thermistor.

h.
The indoor unit will be separately powered with 208~230V/1-phase/60Hz. 

i.
The voltage range will be 253 volts maximum and 187 volts minimum.

j.
To save energy and optimize occupancy comfort, the indoor unit shall be equipped with built in occupancy sensor and surface temperature sensor.

k.
Supplied air shall be directed automatically by four individually controlled louvers.
2.
Unit Cabinet:

a.
The cabinet shall be space saving and shall be located into the ceiling.

b.
Four auto-adjusted louvers shall be available to choose, which include standard, draft prevention and ceiling stain prevention.

c.
The airflow of the unit shall have the ability to shut down outlets with multiple patterns allowing for simpler installation in irregular spaces.

d.
Fresh air intake shall be possible by way of Daikin’s optional fresh air intake kit. 

e.
A branch duct knockout shall exist for branch ducting of supply air.

f.
The cabinet shall be constructed with sound absorbing foamed polystyrene and polyethylene insulation.

g.
Optional high efficiency air filters are available for each model unit.
3.
Fan:

a.
The fan shall be direct-drive DC (ECM) type fan, statically and dynamically balanced impeller with three fan speeds available. 

b.
The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz with a motor output range from 0.08 to 0.16 HP.

c.
The airflow rate shall be available in three manual settings.

d.
The DC fan shall be able to automatically adjust the fan speed in 5 speeds based on the space load. 

e.
The fan motor shall be equipped as standard with adjustable external static pressure (ESP) settings to allow operation with the high efficiency air filter options.

f.
The fan motor shall be thermally protected.
4.
Filter:

a.
The return air shall be filtered by means of a washable long-life filter with mildew proof resin and antibacterial treatment.

b.
Optional high efficiency disposable air filters shall be available.

c.
Optional Self-Cleaning Filter Panel, which performs automatic filter cleaning up to once a day, with dust collection box that indicates when to be emptied.
5.
Coil:

a.
Coils shall be of the direct expansion type constructed from copper tubes expanded into aluminum fins to form a mechanical bond.

b.
The coil shall be of a waffle louver fin and high heat exchange, rifled bore tube design to ensure highly efficient performance.

c.
The coil shall be a 2, or 3-row cross fin copper evaporator coil with up to 21 FPI design completely factory tested.
d.
The refrigerant connections shall be flare connections and the condensate will be 1 -1/4 inch outside diameter PVC.
e.
A condensate pan with antibacterial treatment shall be located under the coil.
f.
A thermistor will be located on the liquid and gas line.
6.
Electrical:

a.
A separate power supply will be required of 208/230 volts, 1 phase, 60 hertz. The acceptable voltage range shall be 187 to 253 volts.

b.
Transmission (control) wiring between the indoor and outdoor unit shall be a maximum of 3,280 feet (total 6,560 feet).

c.
Transmission (control) wiring between the indoor unit and remote controller shall be a maximum distance of 1,640 feet.
7.
Control:

a.
The unit shall have controls provided by Daikin to perform input functions necessary to operate the system.

b.
The unit shall be compatible with interfacing with a BMS system via optional LonWorks or BACnet gateways.  

c.
The unit shall be compatible with a Daikin Intelligent Touch Manager advanced multi-zone controller. 

d.
For the Sensing functions and the optional Self-Cleaning Filter functions, Remote controller BRC1E73/BRC1E52B7 shall be used. Consult with Daikin prior to applying controls.
8.
Optional Accessories Available:

a.
A high efficiency disposable air filter kit

b.
Air intake kit 

c.
Self-Cleaning Filter Panel, which performs automatic filter cleaning up to once a day, with dust collection box that indicates when to be emptied.

d.
Remote “in-room” sensor kit (KRCS01-4B).
1)
The Daikin wall mounted, hard wired remote sensor kit is recommended for when a NAV controller is not used or when the NAV controller is not located in the space that is being controlled. The sensor for detecting the temperature can be placed away from the indoor unit (branch wiring is included in the kit).

4.05
FXZQ – 4 WAY CEILING CASSETTE UNIT (2’x2’)

A.
General:  Daikin indoor unit model FXZQ shall be a ceiling cassette fan coil unit, operable with R-410A refrigerant, equipped with an electronic expansion valve, for installation into the ceiling cavity equipped with an air panel grill.  It shall be available in capacities from 7,500 Btu/h to 18,000 Btu/h.  Model numbers are FXZQ07MVJU9, FXZQ09MVJU9, FXZQ12MVJU9, FXZQ15MVJU9, FXZQ18MVJU9 to be connected to outdoor unit model RXYQ / RXYMQ / RWEYQ heat pump and REYQ / RWEYQ heat recovery model.  It shall be a four-way air distribution type, white (RAL9010), impact resistant with a washable decoration panel. The supply air is distributed via motorized louvers which can be horizontally and vertically adjusted from 0° to 90°.  Computerized PID control shall be used to control superheat to deliver a comfortable room temperature condition.  The unit shall be equipped with a programmed drying mechanism that dehumidifies while limiting changes in room temperature when used with Daikin remote control BRC1E72, BRC1E73 and BRC2A71.  The indoor units sound pressure shall range from 29 dB(A) to 34 dB(A) at low speed measured at 5 feet below the unit.
B.
Performance: Each unit’s performance is based on nominal operating 

conditions:
C.
Indoor Unit:

1.
The Daikin indoor unit FXZQ shall be completely factory assembled and tested. Included in the unit is factory wiring, piping, electronic proportional expansion valve, control circuit board, fan motor thermal protector, flare connections, condensate drain pan, condensate drain pump, condensate safety shutoff and alarm, self-diagnostics, auto-restart function, 3-minute fused time delay, and test run switch.

2.
Indoor unit and refrigerant pipes will be charged with dehydrated air prior to shipment from the factory.

3.
Both refrigerant lines shall be insulated from the outdoor unit.

4.
The 4-way supply air flow can be field modified to 3-way and 2-way airflow to accommodate various installation configurations including corner installations.

5.
Return air shall be through the concentric panel, which includes a resin net mold resistant filter.

6.
The indoor units shall be equipped with a condensate pan and condensate pump. The condensate pump provides up to 21” of lift and has a built in safety shutoff and alarm.

7.
The indoor units shall be equipped with a return air thermistor.

8.
All electrical components are reached through the decoration panel, which reduces the required side service access.

9.
The indoor unit will be separately powered with 208~230V/1-phase/60Hz. 

10.
The voltage range will be 253 volts maximum and 187 volts minimum.
D.
Unit Cabinet:

1.
The cabinet shall be space saving and shall be located into the ceiling.

2.
Three auto-swing positions shall be available to choose, which include standard, draft prevention and ceiling stain prevention.

3.
The airflow of the unit shall have the ability to shut down one or two sides allowing for simpler corner installation.

4.
Fresh air intake shall be possible by way of direct duct installation to the side of the indoor unit cabinet.

5.
The cabinet shall be constructed with sound absorbing foamed polystyrene and polyethylene insulation.
E.
Fan:

1.
The fan shall be direct-drive turbo fan type with statically and dynamically balanced impeller with high and low fan speeds available. 

2.
The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz with a motor output range from 0.06 to 0.12 HP.

3.
The airflow rate shall be available in high and low settings.

4.
The fan motor shall be thermally protected.
F.
Filter:

1.
The return air shall be filtered by means of a washable long-life filter with mildew proof resin.
G.
Coil:

1.
Coils shall be of the direct expansion type constructed from copper tubes expanded into aluminum fins to form a mechanical bond.

2.
The coil shall be of a waffle louver fin and high heat exchange, rifled bore tube design to ensure highly efficient performance.

3.
The coil shall be a 2-row cross fin copper evaporator coil with 17 FPI design completely factory tested.
4.
The refrigerant connections shall be flare connections and the condensate will be 1 -1/32 inch outside diameter PVC.
5.
A condensate pan shall be located under the coil.
6.
A condensate pump with a 21 inch lift shall be located below the coil in the condensate pan with a built in safety alarm.
7.
A thermistor will be located on the liquid and gas line.
H.
Electrical:

1.
A separate power supply will be required of 208/230 volts, 1 phase, 60 hertz. The acceptable voltage range shall be 187 to 253 volts.

2.
Transmission (control) wiring between the indoor and outdoor unit shall be a maximum of 3,280 feet (total 6,560 feet).

3.
Transmission (control) wiring between the indoor unit and remote controller shall be a maximum distance of 1,640 feet.
I.
Control:

1.
The unit shall have controls provided by Daikin to perform input functions necessary to operate the system.

2.
The unit shall be compatible with interfacing with a BMS system via optional LonWorks or BACnet gateways.  

3.
The unit shall be compatible with a Daikin Intelligent Touch Manager advanced multi-zone controller. 

4.06
FXMQ_PB - CONCEALED CEILING DUCTED UNIT (Med. Static)

A.
General:  Daikin indoor unit FXMQ_PB shall be a built-in ceiling concealed fan coil unit, operable with refrigerant R-410A, equipped with an electronic expansion valve, direct-drive DC (ECM) type fan with auto CFM adjustment at commissioning, for installation into the ceiling cavity.  It is constructed of a galvanized steel casing.  It shall be available in capacities from 7,500 Btu/h to 48,000 Btu/h.  Model numbers are FXMQ07PBVJU, FXMQ09PBVJU, FXMQ12PBVJU, FXMQ15PBVJU, FXMQ18PBVJU, FXMQ24PBVJU, FXMQ30PBVJU, FXMQ36PBVJU, FXMQ48PBVJU, and FXMQ54PBVJU to be connected to outdoor unit model RXYQ / RXYMQ / RWEYQ heat pump and REYQ / RWEYQ heat recovery model.  It shall be a horizontal discharge air with horizontal return air configuration.  All models feature a low height cabinet making them applicable to ceiling pockets that tend to be shallow.  Computerized PID control shall be used to control superheat to deliver a comfortable room temperature condition.  The unit shall be equipped with a programmed drying mechanism that dehumidifies while limiting changes in room temperature when used with Daikin remote control BRC1E72, BRC1E73 and BRC2A71.  Included as standard equipment, a condensate drain pan and drain pump kit that pumps to 18-3/8” from the drain pipe opening.  The indoor units sound pressure shall range from 29 dB(A) to 43 dB(A) at low speed measured 5 feet below the ducted unit. 
B.
Performance: Each unit’s performance is based on nominal operating conditions
C.
Indoor Unit:

1.
The Daikin indoor unit FXMQ_PB shall be completely factory assembled and tested.  Included in the unit is factory wiring, piping, electronic proportional expansion valve, control circuit board, fan motor thermal protector, flare connections, condensate drain pan, condensate drain pump, condensate safety shutoff and alarm, self-diagnostics, auto-restart function, 3-minute fused time delay, and test run switch. The unit shall be equipment with automatically adjusting external static pressure logic that is selectable during commissioning. This adjusts the airflow based on the installed external static pressure.

2.
Indoor unit and refrigerant pipes will be charged with dehydrated air prior to shipment from the factory.

3.
Both refrigerant lines shall be insulated from the outdoor unit.

4.
The indoor units shall be equipped with a condensate pan and condensate pump.  The condensate pump provides up to 18-3/8” of lift from the center of the drain outlet and has a built in safety shutoff and alarm.

5.
The indoor units shall be equipped with a return air thermistor.

6.
The indoor unit will be separately powered with 208~230V/1-phase/60Hz. 

7.
The voltage range will be 253 volts maximum and 187 volts minimum.

D.
Unit Cabinet:

1.
The cabinet shall be located into the ceiling and ducted to the supply and return openings.

2.
The cabinet shall be constructed with sound absorbing foamed polystyrene and polyethylene insulation.
E.
Fan:

1.
The fan shall be direct-drive DC (ECM) type fan, statically and dynamically balanced impeller with three fan speeds available. 

2.
The unit shall be equipment with automatically adjusting external static pressure logic selectable during commissioning.

3.
The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz with a motor output range of 0.12 to 0.47 HP respectively.

4.
The airflow rate shall be available in three settings.

5.
The fan motor shall be thermally protected.

6.
The fan motor shall be equipped as standard with adjustable external static pressure (ESP) settings.

7.
Fan motor external static pressure range for nominal airflow:

F.
Coil:

1.
Coils shall be of the direct expansion type constructed from copper tubes expanded into aluminum fins to form a mechanical bond.

2.
The coil shall be of a waffle louver fin and high heat exchange, rifled bore tube design to ensure highly efficient performance.

3.
The coil shall be a 3 row cross fin copper evaporator coil with 15 fpi design completely factory tested.

4.
The refrigerant connections shall be flare connections and the condensate will be 1-1/4” outside diameter PVC.

5.
A condensate pan shall be located under the coil.

6.
A condensate pump with an 18-3/8” lift shall be located below the coil in the condensate pan with a built in safety alarm.

7.
A thermistor will be located on the liquid and gas line.
G.
Electrical:

1.
A separate power supply will be required of 208/230 volts, 1 phase, 60 hertz. The acceptable voltage range shall be 187 to 253 volts.

2.
Transmission (control) wiring between the indoor and outdoor unit shall be a maximum of 3,280 feet (total 6,560 feet).

3.
Transmission (control) wiring between the indoor unit and remote controller shall be a maximum distance of 1,640 feet.
H.
Control:

1.
The unit shall have controls provided by Daikin to perform input functions necessary to operate the system.

2.
The unit shall be compatible with interfacing with a BMS system via optional LonWorks or BACnet gateways.  

3.
The unit shall be compatible with a Daikin Intelligent Touch Manager advanced multi-zone controller.

4.07  ENERGY RECOVER VENTILATOR, VAM470GVJU
 

A.
Performance
1.
The energy recovery ventilator units shall be based on nominal airflow conditions:

2.
The cooling thermal recovery and enthalpy recovery efficiencies shall be based on 95°F DB / 78°F WB for the entering supply air and 75°F DB / 63°F WB for the exhaust air, at both 100% nominal airflow and 75% nominal airflow.

3.
The heating thermal recovery and enthalpy recovery efficiencies shall be based on 35°F DB / 33°F WB for the entering supply air and 70°F DB / 58°F WB for the exhaust air, at both 100% nominal airflow and 75% nominal airflow.

4.
VAM300GVJU
VAM470GVJU
VAM600GVJU
VAM1200GVJU
B.
Operating Range
1.
The equipment operating range shall be 5°F DB ~ 122°F DB and 80%RH or less.    
C.
General
1.
The fresh air ventilation system shall consist of the Daikin VAM-GVJU series energy recovery ventilator, incorporating a high-efficiency paper, cross-flow heat exchanger core in order to provide both sensible and latent heat recovery.  
D.
Unit Cabinet:

1.
The cabinet shall be constructed of galvanized steel plate.

2.
The unit shall be internally insulated with a self-extinguishing urethane foam.
E.
Fans:

1.
The fans shall be direct-drive, forward-curved centrifugal type with statically and dynamically balanced impellers with extra-high, high, and low fan speeds. 

2.
The fan motor(s) shall operate on 208-230 volts, 1 phase, 60 hertz.

3.
The air flow rate shall be available in extra-high, high, and low settings. 

4.
The fan motor shall be thermally protected.
F.
Filter:

1.
The supply and exhaust air streams shall be filtered prior to entering the heat exchanger core by means of a multidirectional fibrous fleece filter.  
G.
Heat Exchanger:

1.
The heat exchanger element shall consist of a specially processed, nonflammable, HEP (high efficiency paper) heat exchanger designed to allow the exchange of both sensible and latent energy between the supply and exhaust airstreams.  The core material shall be tested as specified in UL 723 and have a flame spread rating of not more than 25, and a smoke developed rating of not more than 50.  
H.
Electrical:

1.
A separate power supply will be required of 208-230 volts, 1 phase, 60 hertz.  The acceptable voltage range shall be 187 to 253 volts.

2.
Transmission (control) wiring between the indoor unit and remote controller shall be a maximum distance of 1,640 feet.
I.
Control:

1.
The unit shall be compatible with Daikin D-III net via the F1/F2 terminal.

2.
The unit shall be capable of the following methods of control:

a.
Independent control – The unit shall be operable directly by a local remote controller.

b.
Interlocked control – The unit shall be operable in conjunction with a VRV or Sky Air system by a local remote controller.

c.
Centralized control – The unit shall be operable by a centralized control without the need for a local remote controller to be connected. 

3.
The unit shall be capable of the following modes of operation:

a.
Energy recovery

b.
Bypass ventilation – The unit shall be capable of bypass ventilation which diverts air flow around the heat exchanger core.  No energy recovery is performed.

c.
Auto Mode – The unit shall be capable of automatically determining the need for performing energy recovery or bypassing the heat exchanger core based on the current fan coil operation mode and the current indoor and outdoor temperatures. 

d.
Fresh-up Mode (supply) – The unit shall be capable of entering Fresh-up Supply operation in which the incoming supply air ratio is greater than the exhaust air ratio.  

e.
Fresh-up Mode (exhaust) – The unit shall be capable of entering Fresh-up Exhaust operation which in the incoming supply air ratio is less than the exhaust air ratio.

f.
Night Time Free Cooling – The unit shall be capable of Night Time Free Cooling in which the unit will automatically energize to lower the space temperature based on the current outdoor temperature, the current indoor temperature, current set point, and the operating state of the indoor fan coils.   
J.
Installation

1.
The unit shall be capable of inverted installation if required by ductwork and access clearance requirements. 

2.
The unit shall not require a condensate drain connection or condensate pan of any kind.  
K.
Accessories 

BRC1E - Navigation Remote Controller

4.08  BRC1E73: Navigation (NAV) Remote Controller 
A.
The NAV Remote Controller can provide control for all VRV indoor units.  The remote controller wiring consist of a non-polar two-wire connection to the indoor unit at terminals P1/P2.  The NAV Remote Controller is wall mounted and can be adjusted to maintain the optimal operation of the connected indoor unit(s).  The NAV Remote Controller does not need to be addressed.
B.
The NAV Remote Controller can be used in conjunction with the BRC2A71 (Simplified Remote Controller) or another NAV Remote Controller to control the same indoor unit group.  No more than 2 remote controllers can be placed in the same group.
C.
Mounting:
1.
The NAV Remote Controller shall be mounted into a standard 2” x 4” junction box.
D.
Display Features:
1.
The NAV Remote Controller shall be approximately 4.75” x 4.75” in size with a 2.75” x 1.75” LCD display. 
2.
Backlit LCD display with contrast adjustment and auto off after 30 seconds. 
3.
Display language shall be selectable from English, French or Spanish.
4.
Selectable display – Detailed, Standard and Simple
a.
Detailed display:

1)
Shall display Operation Mode, Cool, Heat and Setback setpoints Fan Speed, Louver position, Room Temperature, Time and Day of the Week Standard display
2)
Shall display Operation Mode, Cool, Heat and Setback setpoints and Fan Speed
3)
Simple display
a)
Shall display Operation Mode, Cool, Heat and Setback setpoints, Fan Speed and Room Temperature

b)
The room temperature shall be displayed with a large 11/16” font
5.
All displayed items configurable
6.
Configure “Off” to be displayed when unit is turned off (field setting required)
7.
Prevents mode adjustment
8.
Setpoint can be removed from display when unit is turned Off (field setting required)
9.
Prevents setpoint adjustment
10.
Fan speed display removable (field setting required)
11.
Prevents fan speed adjustment 
12.
System Status icons. 
13.
The controller shall display temperature setpoint in one degree increments with a range of 60-90oF (16-32oC)
14.
Detailed and Simple display will reflect room temperature (0-176oF/-18-80oC range in one degree increments).  
15.
Display of temperature information shall be configurable for Fahrenheit or Celsius 
16.
On/Off status shall be displayed with an LED.  
17.
Error codes will be displayed with a two digit code in the event of system abnormality/error.
18.
A blinking LED will also signal system abnormality/error 
19.
The following system temperatures can be displayed to assist service personnel in troubleshooting: 
a.
Return Air Temperature
b.
Liquid Line Temperature
c.
Gas Line Temperature 
d.
Discharge Air Temperature (depending on unit), 
e.
Remote Controller Sensor Temperature
f.
Temperature used for Indoor Unit Control  
E.
Basic Operation:

1.
Capable of controlling a group of up to 16 indoor units. 

a.
Controller shall control the following group operations:

1)
On/Off, Operation Mode (Cool, Heat, Fan, Dry and Auto* (*with VRV Heat Recovery & Heat Pump Systems)
a)
Configure only the essential modes to be selectable – remove unnecessary mode selection(s) from display

b)
Independent Cooling and Heating setpoints in the occupied mode 

I.
Dual setpoints (individual Cool and Heat setpoints with minimum setpoint differential 0 – 7oF (0 – 4oC) default 2oF (1oC)) or Single setpoint 

c)
Independent Cooling Setup and Heating Setback setpoints in the unoccupied mode

d)
Fan Speed

I.
Up to 5 speeds (dependent on indoor unit type)

e)
Vane direction and oscillation (dependent on indoor unit type)

I.
Airflow direction

i.
Up to 5 louver positions and auto swing 

II.
Individual airflow 

i.
Provides individual control of up to four (4) louvers on an indoor unit

III.
Dual airflow 

i.
Provides control of both internal and external louver positions

IV.
Automatic draft protection

i.
Automatically prevents air flow from blowing directly on occupants

f)
The controller shall be able to limit the user adjustable setpoint ranges individually for cooling and heating in the occupied period

g)
Function button lockout (On/Off, Mode, Fan Speed, Up/Down, Left, Right Arrows) 

h)
Optional Controller Face Decal (BRC1E72RM, BRC1E72RF, BRC1E72RMF, BRC1E72RM2, BRC1E72RF2, BRC1E72RMF2 ) to hide unnecessary (locked out) buttons

i)
Indoor Unit group assignment

j)
Filter indicator

I.
Filter service indicator shall be displayed after 100, 1250 or 2500 (default) hours of run time configurable via field setting 

k)
Clock (12/24 hour) and Day display

l)
Automatic adjustment for Daylight Savings Time (DST)

I.
Set changeover period (second Sunday in March / first Sunday in November).
F.
Programmability:

1.
Controller shall support schedule settings with selectable weekly pattern options.

a.
7-day 

b.
Weekday + Weekend

c.
Weekday + Saturday + Sunday

d.
Everyday

e.
The schedule shall support unit On/Off 

f.
Independent settings for Cooling and/or Heating setpoints when unit is on (occupied) 

g.
Independent Setup (Cooling) and Setback (Heating) setpoints when unit is off (unoccupied)

h.
A maximum of 5 operations can be schedulable per day 

i.
Time setting in 1-minute increments

2.
The Controller shall support Auto-changeover mode for both Heat Pump and Heat a.
Recovery systems, therefore, allowing the optimal room temperature to be 
maintained by automatically switching the indoor unit’s mode between Cool 
and Heat according to the room temperature and temperature setpoint. 

b.

Changeover to cooling mode shall occur at cooling setpoint + 1oF (0.5oC) as 
the primary changeover deadband and takes the guard timer into 
consideration

  1)
Configurable from 1 – 4oF (0.5 – 2oC) 

c.
Changeover to cooling mode shall occur at the primary changeover deadband to cooling + 1oF (0.5oC) as the secondary changeover deadband.

1)
Configurable from 1 – 4oF (0.5 – 2oC)

d.
Changeover to heating mode shall occur at heating setpoint - 1oF (0.5oC) as the primary changeover deadband and takes the guard timer into consideration

1)
Configurable from 1 – 4oF (0.5 – 2oC) 

e.
Changeover to heating mode shall occur at the primary changeover deadband to heating - 1oF (0.5oC) as the secondary changeover deadband.

1)
Configurable from 1 – 4oF (0.5 – 2oC)

f.
1 hour guard timer

1)
Upon changeover, guard timer will prevent another changeover during this period. 

2)
Guard timer is ignored by a change of setpoint manually from either the Multi-zone Controller, Remote Controller, or by schedule.

3)
The Guard timer is also ignored if the space temperature reaches the secondary changeover deadband (configurable from 1 - 4oF (0.5 – 2oC)) from the primary changeover deadband, and the guard timer has been activated

4)
60 minutes as default, configurable to 15, 30, or 90 minutes 

g.
The controller shall support the Auto-setback by sensor function (dependent on indoor unit type)

1)
The cooling and heating setpoints shall gradually relax (configurable) internally when the room is determined to be unoccupied   

a)
The internal setpoint shall return to the original setpoint when room occupancy is detected

h.
The controller shall support the Auto-off by sensor function (dependent on indoor unit type)

1)
The indoor unit shall turn off when it is determined that the room is unoccupied after a specified time has elapsed  

a)
The indoor unit shall be turned on manually when occupancy is detected

i.
The controller shall support the Filter Auto Clean function to be performed once a day (dependent on indoor unit type)

1)
Eight (8) time periods (00:00-03-00, 03:00-06:00, 06:00-09:00, 09:00-12:00, 12:00-15:00, 15:00-18:00, 18:00-21:00, 21:00-00:00) shall be available to select from to enable the automatic filter cleaning function

a)
Default time period (00:00 to 3:00) shall be used if the period for filter auto cleaning is not specified 

2)
The indoor unit shall be stopped during auto filter cleaning function operation

   j.
The Controller shall support an Auto Off Timer for temporarily enabling indoor unit operation during the unoccupied period.

1)
When the Off Timer is enabled and when the unit is manually turned on at the remote controller  

2)
The controller shall shut off the unit after a set time period

3)
The time period shall be configurable in the controller menu with a range of 30-180 minutes in 10 minute increments  

k.
The room temperature shall be capable of being sensed at either the NAV Remote Controller, the Indoor Unit return air temperature sensor (default), or Remote Temperature Sensor (KRCS01-1B) configured through the field settings.

Part 5 - Execution

5.01
See specification section 23 00 00 for general HVAC/Air Handling 
installation.

END OF SECTION 23 7700
2016-05 / SKSD Technology &
23 7700 - 1
VRV HEAT RECOVERY

Information Services - Server Room

