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SECTION 15625 - CENTRIFUGAL WATER CHILLERS
This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes packaged, water-cooled, electric-motor-driven, centrifugal water chillers.

B. Related Sections include the following:

List below only products, construction, and equipment that the reader might expect to find in this Section but are specified elsewhere.

1. Division 15 Section "Refrigerant Monitoring and Safety Equipment" for refrigerant monitors, alarms, supplemental breathing apparatus, and ventilation equipment interlocks.

1.3 DEFINITIONS

Retain abbreviations that remain after this Section has been edited.

A. COP:
Coefficient of Performance.  The ratio of the rate of heat removed to the rate of energy input using consistent units.

B. EER:  Energy-efficiency ratio.

C. Fouling Factor: sm deg C/W (h sf deg F/btu)
D. IPLV:  Integrated part-load value.

E. NPLV:  Non-standard part-load value.

1.4 SUBMITTALS

A. Product Data:  Include the following:

1. Refrigerant.

2. Rated capacities.

3. Operating characteristics.

4. ARI unloading conditions

5. Unloading conditions at constant condenser water temperature.

6. Minimum evaporator flow rate.

7. Heat rejection to surrounding environment at design conditions.

8. Furnished specialties.

9. Characteristics of safety relief valves.

10. Accessories.

B. Shop Drawings:  Complete set of manufacturer's certified prints of water chiller assemblies, control panels, sections and elevations, and unit isolation.  Include the following:

1. Assembled unit dimensions.

2. Operating weight and load distribution.

3. Required clearances for maintenance and operation.

4. Size and location of piping and wiring connections.

Retain first subparagraph and associated subparagraphs below if equipment is required to withstand specific design loads and design responsibilities have been delegated to Contractor or if structural data are required as another way to verify equipment's compliance with performance requirements.  Professional engineer qualifications are specified in Division 1 Section "Quality Requirements."

5. Vibration Isolation Calculations and Details:  Signed and sealed by a qualified professional engineer.

a. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.

b. Vibration Isolation Base Detail:  Detail fabrication including anchorages and attachments to structure and to supported equipment.  Include auxiliary motor slides and rails and equipment mounting frames.

6. Wiring Diagrams:  Power, signal, and control wiring.

Retain paragraph and subparagraphs below if Drawings do not include detailed plans or if Project involves unusual coordination requirements.

C. Coordination Drawings:  Floor plans drawn to scale and coordinated with the following:

Edit subparagraphs below to suit Project.

1. Structural supports.

2. Piping roughing-in requirements.

3. Wiring roughing-in requirements, including spaces reserved for electrical equipment.

4. Access requirements, including working clearances for mechanical controls and electrical equipment, and tube pull and service clearances.

Retain paragraph below if ARI, ASHRAE, or Green Seal certification is retained in "Quality Assurance" Article.

D. Certificates:  For certification required in "Quality Assurance" Article.

Some manufacturers will not provide certification specified in first paragraph and subparagraphs below.  Verify availability with manufacturers and retain below if required by seismic criteria applicable to Project.  See the "Seismic Considerations" Article in the Evaluations in Division 15 Section "Packaged Water Chillers."  Coordinate with Division 15 Section "Mechanical Vibration and Seismic Controls."

E. Manufacturer Seismic Qualification Certification:  Submit certification that water chillers, accessories, and components will withstand seismic forces defined in Division 15 Section "Mechanical Vibration and Seismic Controls."  Include the following:

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.

Retain the subparagraph below to define the term "withstand" as it applies to this Project.  Definition varies with type of building and occupancy and is critical to valid certification.  Option is used for essential facilities where equipment must operate immediately after an earthquake.

a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic[ forces specified and the unit will be fully operational after the seismic event]."

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

F. Source quality-control test reports.

List field-quality control test reports assuming field performance tests are specified.

G. Field quality-control test reports.

1. <<Insert field quality-control report>>

H. Startup service reports.
I. Operation and Maintenance Data:  For each water chiller to include in emergency, operation, and maintenance manuals.

J. Warranties:  Special warranties specified in this Section.

1.5 QUALITY ASSURANCE

Retain first paragraph below if project requirements fall within limits of ARI 550/590 certification program.  Review latest version of the standard to confirm requirements.

A. ARI Certification:  Signed by manufacturer certifying compliance with requirements in ARI 550/590, "Water Chilling Packages Using the Vapor Compression Cycle."

B. ARI Certification:  Report signed by testing technician certifying compliance with requirements in ARI 575, "Method of Measuring Machinery Sound Within an Equipment Space."

C. ASHRAE Certification:  Signed by manufacturer certifying compliance with ASHRAE 15 for safety code for mechanical refrigeration.  Comply with ASHRAE Guideline 3 for refrigerant leaks, recovery, and handling and storage requirements.

Paragraph below is not required for low pressure chiller designs such as those that use HFC123.  Test and inspection in paragraph below are not required on chillers operating at less than 15 psig (104 kPa).  Delete paragraph if ASME construction and stamp are not available.  ASME construction may not be required if working pressure is less than 15 psig (104 kPa).

D. ASME Compliance:  Fabricate and label water chiller heat exchangers to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.

E. Provide factory-certified performance ratings indicating conformance with the operating efficiencies and related characteristics indicated in Code of Federal Regulations 10-CFR-434 and 435 and Section 6 Heating, Ventilating, and Air Conditioning, including Tables 6.2.1C, 6.2.1G, 6.2.1H, 6.2.1I, Section 8 Power, Section 10, including Table 10.2, and Section 11, Energy Cost Budget Method ASHRAE/IESNA Standard 90.1.

F. Comply with NFPA 70.

G. Comply with UL 1995.

Retain below to require water chillers to comply with Green Seal's GS-31, whether or not equipment is certified by Green Seal.  See discussion about GS-31 in the "General Comments," "Energy Considerations," and "Environmental Considerations" articles in the Evaluations in Division 15 Section "Packaged Water Chillers."  Retain second option below to require certification that water chillers comply with GS-31.  Not all manufacturers participate in Green Seal's certification program.  Retaining certification may limit competition.

H. Green Seal Certification:  Signed by [manufacturer] [Green Seal] certifying compliance with Green Seal's GS-31.

1.6 DELIVERY, STORAGE, AND HANDLING

Retain one of two paragraphs below.  Retain the first paragraph to restrict shipping requirements.  Retain the second paragraph otherwise.

A. Ship water chillers from the factory fully charged with refrigerant or nitrogen and filled with oil.  Ship oil [and refrigerant ]in separate containers.

B. Ship water chillers, refrigerant and oil.  [Ship each chiller with a protective cover.  ]Charge chiller with nitrogen if not shipped with a refrigerant charge.

C. Store units indoors within a dry environment.

1.7 WARRANTY

When warranties are required, verify with Owner's counsel that special warranties stated in this Article are not less than remedies available to Owner under prevailing local laws.  See discussion about warranties in the "General Comments" Article in the Evaluations in Division 15 Section "Packaged Water Chillers."  Coordinate with Division 1 Section "Product Requirements."

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of water chillers that fail in materials or workmanship.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

1. Carrier; a United Technologies Company.

2. Hitachi

3. McQuay International.

4. Trane Company (The).

5. YORK International Corporation.

6. <Insert manufacturer's name.>

2.2 MANUFACTURED UNIT

A. Description:  Factory-assembled and -tested water chiller complete with compressors, motor and motor controllers, evaporator, condenser, [heat reclaim condenser, ]controls, interconnecting unit piping and wiring, indicated accessories, and mounting frame.

Retain paragraph below where limited space is available for installation.

B. Disassemble chiller into major assemblies as required by the installation after factory testing and before packaging and shipment.

Retain paragraph below for projects in seismic areas.

C. Fabricate water chiller mounting frame with reinforcement strong enough to resist water chiller movement during a seismic event when the water chiller is anchored to the building structure.

Retain first paragraph below if chiller is required to operate at below normal entering condenser water temperatures.  Consult manufacturer for normal condenser water temperature range.

D. Refrigerant Condenser Pressure Control:  Chiller shall operate at entering condenser water temperatures of [4.5 deg C(40 deg F)]<Insert temperatures>
E. Capacities and characteristics

Retain paragraphs which are not scheduled on the Drawings.

1. Capacity: < kW (tons)>

2. Efficiency

Retain one of first three subparagraphs and associated subparagraphs below.  Coordinate with requirements in Part 1 "Quality Assurance" Article.

a. Efficiency:  Comply with Green Seal's GS-31 for full- and part-load efficiencies.

b. Efficiency:  Comply with FEMP recommendations for full- and part-load efficiencies.

c. Efficiency at full-load:

1) Power input/cooling output, kW/kW (kW/ton) :  <Insert number.>

d. Minimum Efficiency:

1) For capacities less than 528 kw(150 tons)
a) IPLV:  5.25

b) COP:  5.00

2) For capacities between 528 kW(150 tons) and less than 1055 kW (300 tons)
a) IPLV:  5.90

b) COP:  5.55

3) For capacities equal or greater than 1094 kW(300 tons)
a) IPLV:  6.40

b) COP:  6.10

e. Evaporator Fluid: [Water][Glycol solution]<Insert fluid type>.

f. Evaporator Fluid Flow, Design:  <Insert L/s (gpm).>

g. Evaporator Fluid Flow, Minimum:  <Insert L/s (gpm).>

h. Evaporator Entering-Fluid Temperature:  <Insert deg C (deg F).>

i. Evaporator Leaving-Fluid Temperature:  <Insert deg C (deg F).>

j. Evaporator Fluid-Pressure Drop:  <Insert kPa (feet of head).>

k. Evaporator Fluid Velocity:  <Insert m/s (fps).>

l. Evaporator Fouling Factor:  [0.000018 (0.0001)] [0.000018 (0.0001)] [0.000044 (0.00025)] [0.00011 (0.0005)]  <Insert factor.>

m. Evaporator Number of Passes: [1] [2] [3] <Insert number.>

n. Condenser Fluid: [Water]<Insert fluid type>.

o. Condenser-Fluid Flow:  <Insert L/s (gpm).>

p. Condenser Entering-Fluid Temperature:  <Insert deg C (deg F).>

q. Condenser Leaving- Fluid Temperature:  <Insert deg C (deg F).>

r. Condenser- Fluid Pressure Drop:  <Insert kPa (feet of head).>

s. Condenser Fluid Velocity:  <Insert m/s (fps).>

t. Condenser Fouling Factor:  [0.000044 (0.00025)] [0.000011 (0.0005)] [0.00022 (0.0001)] <Insert factor.>

u. Condenser Number of Passes: [1] [2] [3] <Insert number.>

v. Heat-Reclaim Condenser-Water Flow:  <Insert L/s (gpm).>

w. Heat-Reclaim Condenser Entering-Water Temperature:  <Insert deg C (deg F).>

x. Heat-Reclaim Condenser Leaving-Water Temperature:  <Insert deg C (deg F).>

y. Heat-Reclaim Condenser-Water Pressure Drop:  <Insert kPa (feet of head).>

z. Heat-Reclaim Condenser Fouling Factor:  <Insert factor.>

aa. Compressor Power Input:  <Insert value> kW.

ab. Compressor Full-Load Amperes:  <Insert value.>

ac. Compressor Locked-Rotor Amperes:  <Insert value.>

ad. Maximum Over-current Protection Device Amperes:  <Insert value.>

ae. Electrical Characteristics:  [208] [240] [480] <Insert other>-V ac, 3 phase, 60 Hz.

af. Noise Rating:  <Insert dBA> at <Insert distance in m (feet)> when measured in accordance with ARI 575.

2.3 COMPRESSORS

The first four options below could exclude some manufacturers.  Select the fifth option unless there is a specific project requirement for a specific drive type.

A. Description:  Single variable displacement centrifugal compressor each with [gear drive, open] [gear drive, hermetic][direct drive hermetically sealed][direct drive, semi-hermitically sealed ][a gear or direct drive; open, hermetic, or semi-hermetic ]motor.

1. Casing: Cast iron, precision ground

2. Impeller:  High strength, cast-aluminum alloy on carbon or forged steel shaft; dynamically balanced.

3. Vibration balance:  Balance chiller compressor, drive assembly, and other rotating components to comply with ASA 2 quality grade G2.5.

Edit throttling range below to suit Project.

B. Capacity Control:  Variable-inlet guide-vane assembly [and variable speed compressor and drive assembly ]for stable operation that is free of surge, cavitation, or vibration throughout throttling range from 100 to 10 percent of full load.

1. Hot-gas bypass control for 0 to 10 percent of full load capacity.

C. Oil Lubrication System:  Positive-displacement submersible pump with heater, oil filter,[ redundant oil filter,] and sight glass.

1. Delivers adequate lubrication of bearings, gears, and other rotating surfaces at all operating and stand-by conditions including power failure.

2. Oil heater: thermostatically controlled, sized to remove refrigerant from oil.

3. Oil filters: replaceable cartridge-type, minimum 0.5 micron efficiency, with isolation valves.

4. Oil cooler: [Refrigerant ][Water ]cooled oil cooler.

5. Piping: factory installed and tested.

Retain a specific refrigerant in paragraph below, or leave the choice to Contractor and manufacturer.  Most water chiller manufacturers furnish centrifugal water chillers with any refrigerant listed below.  Consult manufacturer if a particular refrigerant is selected.

D. Refrigerant and Oil:  [HCFC-123] [HFC-134a] [HCFC-22] [HCFC-123, HFC-134a, or HCFC-22].

Retain option below for hermetically sealed motors.

E. Refrigerant Compatibility:  Seals, O-rings[, motor windings,] and internal water chiller parts exposed to refrigerants shall be fully compatible with refrigerants, and pressure components shall be rated for refrigerant pressures.

The paragraph below is not applicable to chillers using refrigerant HCFC-123.

F. Refrigerant isolation: factory installed positive shut-off isolation valves in the compressor discharge line and the refrigerant liquid line.  Valves to allow isolation and storage of the refrigerant charge in the chiller condenser.

2.4 HEAT EXCHANGERS

Verify availability of ASME construction and stamp in first subparagraph below.  ASME construction and label is not required and not common for chillers utilizing HCFC-123.

A. Evaporator:

1. Description:  Shell-and-tube design, ASME labeled.

2. Shell Material:  Carbon steel.

3. Tube Construction:  Individually replaceable, expanded into tube sheets.

Tube materials and features may vary among manufacturers; verify availability.

a. Material:  [Copper] [Copper-nickel alloy] [Stainless steel ][Titanium] [Copper, copper-nickel alloy, stainless steel, or titanium].

b. Minimum diameter:  [19-mm (3/4-inch)] [25-mm (1-inch)].

c. Minimum wall thickness: Measured at thinnest section along length of tube  [0.64-mm (0.025-inch)] [0.71-mm (0.028-inch)] [0.89-mm (0.035-inch)].

d. Internal Finish:  [Enhanced] [Smooth].

Both "Standard" and "Marine" water boxes are available in both pressure ratings, but 300 psig (2070 kPa) may be a special order.

4. Water Box:  [Standard] [Marine], with design working pressure of [1035 kPa (150 psig)] [2070 kPa (300 psig)], and having [welded flange ][grooved mechanical-joint coupling] [grooved mechanical-joint coupling with flange adapter ]water-nozzle connections with a electronic-type temperature sensor factory installed in each nozzle.  Provide each water box with a threaded and plugged vent and drain connection.

a. [Hinged ][or ][davit ]box.

5. Corrosion protection: for steel surfaces in contact with fluid.

B. Condenser:

Verify availability of ASME construction and stamp in first subparagraph below.  ASME construction and label is not required and not common for chillers utilizing HCFC-123.

1. Description:  Shell-and-tube design[, ASME labeled].

2. Shell Material:  Carbon steel.

3. Tube Construction:  Externally enhanced and individually replaceable, expanded into tube sheets.

a. Material:  [Copper] [Copper-nickel alloy] [Stainless steel ][Titanium] [Copper, copper-nickel alloy, stainless steel, or titanium].

b. Minimum Size:  19-mm (3/4-inch) OD; 0.71-mm (0.028-inch) wall thickness.

c. Internal Finish:  [Enhanced] [Smooth].

d. External Finish: [Enhanced] [Smooth].

Both "Standard" and "Marine" water boxes are available in both pressure ratings, but 300 psig (2070 kPa) may be a special order.

4. Water Box:  [Standard] [Marine], with design working pressure of [1035 kPa (150 psig)] [2070 kPa (300 psig)], and having [flanged] [grooved mechanical-joint coupling] water-nozzle connections with a electronic-type temperature sensor factory installed in each nozzle.

2.5 INSULATION

Insulating materials and thicknesses may vary among manufacturers; verify availability.

A. Closed-cell, flexible elastomeric, thermal insulation complying with ASTM C 534, Type I, for piping and Type II, for sheet materials.

1. Thickness:  [19 mm (3/4 inch)] [38 mm (1-1/2 inches)] <Insert thickness>.

2. Adhesive:  As recommended by insulation manufacturer.

3. Factory-apply insulation over cold surfaces of water chiller components.

a. Apply adhesive to 100 percent of insulation contact surface.

b. Seal seams and joints.

c. After adhesive has fully cured, apply two coats of protective coating to insulation.

2.6 ACCESSORIES

Select first paragraph below for HCFC-123 only.  Select second paragraph for any refrigerant.

A. Pressure Relief Rupture Disc:  Frangible carbon disc.

B. Pressure Relief Valve:  Single- or multiple-reseating-type, spring-loaded relief valve.

Retain below for water chillers using HCFC-123 refrigerant.

C. Purge System:  Factory mounted, air, water, or refrigerant cooled; with operating controls, piping, elapsed-time meter, and refrigerant service valves to isolate the purge unit from the chilling unit.

D. Automatic reversing brush-type cleaning system for condenser bundles.

2.7 MOTORS

Motor characteristics such as NEMA designation, temperature rating, service factor, enclosure type, and efficiency are specified in Division 15 Section "Motors."  If different characteristics are required, add paragraphs below to suit Project.

A. Comply with requirements in Division 15 Section "Motors."

1. Open-drive motors shall have flanged or flexible coupling suitable for direct connection to compressor.

2.8 BUILDING AUTOMATION SYSTEM INTERFACE

A. Chiller manufacturer shall provide factory-installed DDC microprocessor based hardware and software to enable the Building Automation System (BAS) to monitor and control the chiller and to display the chiller status and alarms specified in this paragraph and else where in this specification.  The chiller controls shall interface seamlessly with other DDC microprocessor-based building subsystems as shown on the drawings and as specified in this and other sections of the specifications.  Interface shall be BACnet compatible.

B. Interface between the chiller controls and BAS shall enable the BAS to read as separate and discreet points significant values and alarms on the chiller.  Use of a single set of contacts to send an alarm will not be acceptable.  The contractor shall furnish and install the necessary hardware, wiring, gateways, computing equipment and software, as defined in this specification and as required for the chiller to operate in accordance with the sequence of operation.

C. As a minimum the interface shall allow the following inputs, outputs and functions.

1. Chiller and operating and alarm status

2. Chiller capacity

3. Entering and leaving temperatures for chilled and condenser water

4. Chiller tripped by high/low pressure or high/low temperature or high/low electrical current or high/low oil pressure

5. Loss of electrical power

6. Chilled and condenser water flows
D. Controls:  Chiller applications where the chiller controls interface with a Building Automation System (BAS) having [BACnet] [LONtalk/LONworks] [controls to match existing] compatibility, the chiller shall be provided with a factory-mounted controller having [BACnet] [LONtalk/LONworks] [controls to match existing] compatibility.  Controls and control devices associated with the chiller shall function with [BACnet] [LONtalk/LONworks] [controls to match existing] compatibility without the need for or used of gateways, product specific or proprietary devices.

2.9 CONTROLS

Coordinate this Article with Division 15 Section "Building Automation System."

A. Chillers shall have factory-mounted controls and devices that allow for measuring, monitoring, and controlling energy consumption, output, and operating efficiencies prescribed in Section 6: Heating, Ventilation, and Air Conditioning and Section 11: Energy Cost Budget Method of ASHRAE/IESNA Standard 90.1 and Code of Federal Regulations 10-CFR-43, including Tables 6.2.1.C, 6.2.1.G, 6.2.1.H, 6.2.1.I, 11.4.3.B, and 11.4.3.C.  Factory-mounted controls shall include a controller with an LED panel capable of calculating and indicating the values required to verify the efficiencies and operating characteristics identified in ASHRAE/IESNA Standard 90.1 and Code of Federal Regulations 10-CFR-435.

B. Control Panel:  Controls shall be the stand-alone, microprocessor based type controls.  Controls shall be BACnet compatible and data points and alarms shall be accessible from the Building Automation System.

C. Enclosure:  Unit-mounted, NEMA 250, Type [1] <Insert type> enclosure, hinged or lockable; factory wired with a single-point power connection and a separate control circuit.

D. Status Display:  Multiple-character liquid-crystal display or light-emitting diodes and keypad.  Display the following conditions:

Edit list below to suit Project.  Verify availability; status displays may vary depending on unit size.

1. Date and time.

2. Operating or alarm status.

3. Operating hours.

4. Outside-air temperature if required for chilled-water reset.

5. Temperature and pressure operating set points.

6. Entering and leaving temperatures of chilled water and condenser water.

7. Refrigerant pressures in evaporator and condenser.

8. Saturation temperature in evaporator and condenser.

9. Oil temperature and pressure.

10. Percent of maximum motor amperage.

11. Current-limit set point.

12. Number of compressor starts.

First two subparagraphs below are for water chillers using HCFC-123 refrigerant.

13. Purge suction temperature if purge system is provided.

14. Purge elapsed time if purge system is provided.

15. <Insert other status display items.>

E. Control Functions:

Edit list below to suit Project.  Verify availability; functions may vary depending on unit size.

1. Manual or automatic startup and shutdown time schedule.

2. Entering and leaving chilled-water temperatures, control set points, and motor load limit.  Chilled-water temperature shall be reset based on [return-water] [outside-air] [space] temperature.

3. Current limit and demand limit.

4. Condenser-water temperature.

5. External water chiller emergency stop.

6. <Insert other control functions.>

F. Manually Reset Safety Controls:  The following conditions shall shut down water chiller and require manual reset:

Edit list below to suit Project.  Verify availability; conditions may vary depending on unit size.

In first subparagraph below, select "pressure" for water chillers with HCFC-22 and HCFC-123 refrigerants and "temperature" for water chillers with HFC-134a refrigerant.

1. Low evaporator [pressure] [temperature]; high condenser pressure.

2. Low chilled-water temperature.

3. Low oil differential pressure.

4. High or low oil pressure.

5. High oil temperature.

6. High compressor-discharge temperature.

7. Loss of chilled- or condenser-water flow.

8. Electrical overload.

9. Sensor- or detection-circuit fault.

10. Processor communication loss.

11. Starter fault.

12. Extended compressor surge.

Select first subparagraph below if purge system is specified.  Retain for water chillers using HCFC-123 refrigerant.

13. Excessive air-leakage detection.

14. <Insert other manually reset safety controls.>

Retain below if water chiller controls interface with building management system.

G. Building Management System Interface:  Factory-installed hardware and software to enable building management system to monitor and control chilled-water set point and chiller-control displays and alarms.

2.10 MAGNETIC ENCLOSED CONTROLLERS

Delete this Article if variable-frequency controllers are specified for compressor motor or if motor controllers are specified separately in Division 16 Sections.

Not all manufacturers provide all control panel features specified in this Article; verify availability.  Delete duplicate requirements.  Coordinate electrical requirements with Drawings and Division 16 Sections.

In first paragraph below, retain "NEMA 250" for water chillers connected with 600 V and less and "NEMA ICS 6" for water chillers connected with more than 600 V.

A. Enclosure:  [Unit mounted] [Floor mounting], [NEMA 250] [NEMA ICS 6], Type [1] [12], with hinged access door with lock and key or padlock and key.

B. Control Circuit:  120 V; obtained from [integral control power transformer] <Insert source of control power> with a control power [transformer] [source] of enough capacity to operate connected pilot and indicating and control devices.

See the Evaluations in Division 16 Section "Enclosed Controllers" for discussion.

C. Overload Relay:  Shall be sized according to UL 1995 or shall be an integral component of water chiller control microprocessor.

Retain and revise one of four controller paragraphs and associated subparagraphs below to suit Project.  Delete types not used.  Coordinate with Drawings.  See the Evaluations in Division 15 Section "Packaged Water Chillers" for selection considerations.

D. Across-the-Line Controller:  NEMA ICS 2, Class A, full voltage, non-reversing; include isolation switch and current-limiting fuses.

E. Star-Delta Controller:  NEMA ICS 2, closed transition.

F. Autotransformer Reduced-Voltage Controller:  NEMA ICS 2, closed transition; include isolation switch and current-limiting fuses.

G. Solid-State, Reduced-Voltage Controller:  NEMA ICS 2.

1. Surge suppressor in solid-state power circuits providing 3-phase protection against damage from supply voltage surges 10 percent or more above nominal line voltage.

2. Light-emitting-diode indicators showing motor and control status, including the following conditions:

a. Controller on.

b. Overload trip.

c. Loss of phase.

d. Starter fault.

H. Accessories:  Devices shall be factory installed in controller enclosure, unless otherwise indicated.

Delete any of seven subparagraphs and associated subparagraphs below not applicable.  Some options may be supplied as standard accessories in water chiller control panel.  Coordinate with Drawings.

1. Push-Button Stations, Pilot Lights, and Selector Switches:  NEMA ICS 2, heavy-duty type.

2. Stop and Lockout Push-Button Station:  Momentary-break, push-button station with a factory-applied hasp arranged so padlock can be used to lock push button in depressed position with control circuit open.

3. Control Relays:  Time-delay relays.

Delete first two subparagraphs and associated subparagraphs below if meters are displayed on water chiller control panel.

4. Elapsed-Time Meters:  Heavy duty with digital readout in hours.

Select one of first two subparagraphs and associated subparagraphs below; delete if metering is not required.

5. Meters:  Panel type, 64-mm (2-1/2-inch) minimum diameter with 90- or 120-degree scale and plus or minus 2 percent accuracy.  Where indicated, provide transfer device with an off position.  Meters shall indicate the following:

Delete items below if not applicable.

a. Ammeter:  Output current, with current sensors rated to suit application.

b. Voltmeter:  Output voltage.

Delete first subparagraph below if not required.

c. Frequency Meter:  Output frequency.

d. Real-time clock with current time and date.

e. Total run time.

f. <Insert additional features.>

6. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for three- or four-wire systems and with the following features:

a. Selectable, digital display of the following:

Delete features in first nine subparagraphs below not applicable.

1) Phase Currents, Each Phase:  Plus or minus 1 percent.

2) Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent.

3) Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent.

4) Three-Phase Real Power:  Plus or minus 2 percent.

5) Three-Phase Reactive Power:  Plus or minus 2 percent.

6) Power Factor:  Plus or minus 2 percent.

7) Frequency:  Plus or minus 0.5 percent.

8) Integrated Demand with Demand Interval Selectable from 5 to 60 Minutes:  Plus or minus 2 percent.

Delete first subparagraph below if not required.  Verify availability.

9) Accumulated energy, in megawatt hours (joules), plus or minus 2 percent; stored values unaffected by power outages for up to 72 hours.

b. Mounting:  Display and control unit flush or semirecessed in instrument compartment door.

Delete below if phase-failure and undervoltage protections are supplied by control panel microprocessor.

7. Phase-Failure and Undervoltage Relays:  Solid-state sensing circuit with adjustable undervoltage setting and isolated output contacts for hard-wired connection.

2.11 VARIABLE-FREQUENCY CONTROLLERS

Delete this Article if magnetic enclosed controllers are specified for compressor motor or if motor controllers are specified separately in Division 16 Sections.

Not all manufacturers provide all control panel features specified in this Article; verify availability.  Delete duplicate requirements.  Coordinate electrical requirements with Drawings and Division 16 Sections.

Paragraph and subparagraph below provide a sample specification for this type of controller.  Revise to suit Project and according to availability from manufacturers selected.

A. Description:  NEMA ICS 2; listed and labeled as a complete unit and arranged to provide variable speed by adjusting output voltage and frequency.

1. Enclosure:  Unit mounted, NEMA 250, Type 1, with hinged access door with lock and key.

Retain one of three options in paragraph below or revise ratings to suit Project.  Not all options are available from all manufactures.

B. Output Rating:  3-phase; 6 to [60 Hz, with voltage proportional to frequency throughout voltage range] [66 Hz, with torque constant as speed changes] [120 Hz, with horsepower constant throughout speed range].

Revise first paragraph and subparagraphs below to suit Project.

C. Unit Operating Requirements:

1. Input AC Voltage Tolerance:  [460-V ac, plus 10 percent or 506 V maximum] <Insert other voltage and tolerance>.

2. Input frequency tolerance of 60 Hz, plus or minus 2 Hz.

3. Capable of driving full load, under the following conditions, without derating:

a. Ambient Temperature:  0 to 40 deg C.

b. Humidity:  Less than 90 percent (noncondensing).

c. Altitude:  1005 m (3300 feet).

4. Minimum Efficiency:  96 percent at 60 Hz, full load.

5. Minimum Displacement Primary-Side Power Factor:  95 percent without optional harmonic filter, and 98 percent with optional filter.

6. Overload Capability:  1.05 times the full-load current for 7 seconds.

7. Starting Torque:  100 percent of rated torque or as indicated.

8. Speed Regulation:  Plus or minus 1 percent.

9. Isolated control interface to allow controller to follow control signal over an 11:1 speed range.

D. Internal Adjustability Capabilities:

1. Minimum Speed:  50 percent of maximum rpm.

2. Maximum Speed:  100 percent of maximum rpm.

3. Acceleration:  2 to a minimum of 12 seconds.

4. Current Limit:  50 to a minimum of 110 percent of maximum rating.

Delete paragraph and subparagraphs below if not applicable.  If retaining, coordinate with Drawings and control sequences.

E. Self-Protection and Reliability Features:

Delete items below not required.

1. Input transient protection by means of surge suppressors.

2. Snubber networks to protect against malfunction due to system voltage transients.

3. Under- and overvoltage trips; inverter overtemperature, overload, and overcurrent trips.

4. Motor Overload Relay:  Adjustable and capable of NEMA 250, Class [10] [20] [30] performance.

5. Instantaneous line-to-line and line-to-ground overcurrent trips.

6. Loss-of-phase protection.

7. Reverse-phase protection.

8. Short-circuit protection.

9. Motor overtemperature fault.

Revise first three paragraphs and associated subparagraph below to suit Project, or delete if not applicable.

F. Automatic Reset and Restart:  To attempt three restarts after controller fault or on return of power after an interruption and before shutting down for manual reset or fault correction.

1. Maximum Restarts per Hour:  15.

G. Power-Interruption Protection:  To prevent motor from re-energizing after a power interruption until motor has stopped.

If input voltage or current distortion due to harmonic generation in controller is a concern, consult manufacturer for options available to mitigate harmonic distortion.  Options may include dc-bus-link reactors, isolation transformers, active and passive harmonic filters, and phase-shifting transformers.  Insert requirements in first paragraph below.

H. Input Line Conditioning:  <Insert requirements.>

I. Status Lights:  Door-mounted, liquid-crystal-display or light-emitting-diode indicators shall indicate the following conditions:

1. Power on.

2. Run.

3. Overvoltage.

4. Line fault.

5. Overcurrent.

6. External fault.

J. Panel-Mounted Operator Station:  Start-stop and auto-manual selector switches with manual speed control potentiometer and elapsed time meter.

Revise paragraph and subparagraphs below to suit Project.

K. Indicating Devices:  Meters or digital readout devices and selector switch, mounted flush in controller door and connected to indicate the following controller parameters:

1. Output frequency (Hz).

2. Motor speed (rpm).

3. Motor status (running, stop, fault).

4. Motor current (amperes).

5. Fault or alarming status (code).

6. DC-link voltage (V dc).

7. Motor output voltage (V).

Retain and revise first paragraph and subparagraphs below to suit Project, or delete if control signal interface is not required.

L. Control Signal Interface:

1. Electric Input Signal Interface:  A minimum of 2 analog inputs (0 to 10 V or 0/4-20 mA) and 6 programmable digital inputs.

2. Remote Signal Inputs:  Keypad display for local hand operation.  Capability to accept the following speed-setting input signals from building management system or other control systems through an RS485 interface:

a. 0 to 10-V dc.

b. 0-20 or 4-20 mA.

c. Potentiometer using up/down digital inputs.

d. Fixed frequencies using digital inputs.

3. Output Signal Interface:

a. A minimum of 1 analog output signal (0/4-20 mA) that can be programmed to any of the following:

1) Output frequency (Hz).

2) Output current (load).

3) DC-link voltage (V dc).

4) Motor speed (rpm).

4. Remote Indication Interface:  A minimum of 2 dry circuit relay outputs (120-V ac, 1 A) for remote indication of the following:

a. Motor running.

b. Fault and warning indication (overtemperature or overcurrent).

c. High or low speed limits reached.

d. Power-interruption protection.

M. Integral Disconnecting Means:  NEMA AB 1, instantaneous-trip circuit breaker with lockable handle.

N. Harmonic Distortion Filter:  Factory mounted and wired and complying with IEEE 519.

O. Accessories:  Devices shall be factory installed in controller enclosure, unless otherwise indicated.

Coordinate below with Drawings.

1. Control Relays:  Auxiliary and adjustable time-delay relays.

2.12 SOURCE QUALITY CONTROL

Factory tests are an added cost option and may not be available from some manufacturers.  Verify requirement with Owner.  Retain first paragraph only if equipment characteristics are within the limits of ARI 550/590.

A. Factory test and rate water chillers, before shipping, according to ARI 550/590, "Water Chilling Packages Using the Vapor Compression Cycle."[  Stamp with ARI label.]
B. Factory test heat exchangers hydrostatically at 1.50 times the design pressure.

Test and inspection in first paragraph below are not required on water chillers operating at less than 15 psig (104 kPa).  Delete paragraph if ASME construction and stamp are not available.  ASME construction may not be required if working pressure is less than 15 psig (104 kPa).

C. Factory test and inspect evaporator and water cooled-condenser according to ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.  Stamp with ASME label.

D. Factory test and inspect water boxes at 150 percent of working pressure.

E. Rate sound power level according to ARI 575 procedure.

Retain below if Owner wants to witness source quality-control testing.

F. Allow Owner access to places where water chillers are being source quality-control tested.  Notify Architect [14] <Insert number>days in advance of testing.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Before water chiller installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, piping, and electrical to verify actual locations, sizes, and other conditions affecting water chiller performance, maintenance, and operations.

1. Final water chiller locations indicated on Drawings are approximate.  Determine exact locations before roughing-in for piping and electrical connections.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 COORDINATION

A. Coordinate the size and the location of required concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements shall be as specified in Division [3] [15].

B. Determine the means and methods necessary to install the equipment specified herein.  For repairs, alterations, additions and other forms of installation of equipment specified in this section into existing conditions, the contractor shall develop a plan including the delivery of the equipment to the site and into the space allocated for the equipment as indicated on the contract documents.  Demolition to existing features of the building or site required to accomplish the delivery and installation of the equipment shall be approved by the contracting officer for this project.  Demolition to existing features of the building or site required to accomplish the delivery and installation of the equipment shall be included in the contractor’s scope of work for this project.  Repairs and new work required to replace feature of the building or site altered in the process of delivering and installing the equipment shall be included in the contractor’s scope of work.

3.3 WATER CHILLER INSTALLATION

A. Install water chillers on concrete base.  Concrete base is specified in Division 15 Section "Basic Mechanical Materials and Methods," and concrete materials and installation requirements are specified in Division 3.

Revise paragraph and subparagraphs below based on installed equipment.  Indicate dowel rod quantity, size, and spacing on Drawings if water chillers are mounted on vibration isolators.  Delete below if vibration isolation equipment bases are retained.

B. Concrete Bases:  Anchor chiller mounting frame to concrete base.

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 450-mm (18-inch) centers around the full perimeter of concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported equipment.

5. Cast-in-place concrete materials and placement requirements are specified in Division 3.

Retain one of first three paragraphs below.  Coordinate with Drawings and Division 15 Section "Mechanical Vibration and Seismic Controls."  Retain first paragraph for equipment supported on slabs-on-grade.

C. Vibration Isolation:  Rubber pads with a minimum deflection of [6.35 mm (0.25 inch)] <Insert deflection>.  Vibration isolation devices and installation requirements are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

If retaining paragraph below, insert amount of required deflection according to supporting structure and seismic requirements.

D. Vibration Isolation:  Restrained spring isolators with a minimum deflection of [25 mm (1 inch)]<Insert deflection>.  Vibration isolation devices and installation requirements are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

If retaining first paragraph below, delete "Concrete Bases" Paragraph above.

E. Vibration Isolation:  Mount water chiller on vibration isolation equipment base as specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

F. Maintain manufacturer's recommended clearances for service and maintenance.

G. Charge water chiller with refrigerant if not factory and fill with oil.

H. Install separate devices furnished by manufacturer.

3.4 CONNECTIONS

Coordinate piping installations and specialty arrangements with schematics on Drawings and with requirements specified in Division 15 Section "Hydronic Piping."  If Drawings are explicit enough, these requirements may be reduced or omitted.  Drawings indicate general arrangement of piping, fittings, and specialties.

A. Piping installation requirements are specified in Division 15 Section "Hydronic Piping."  Drawings indicate general arrangement of piping, fittings, and specialties.

B. Connect each drain connection with a union and drain pipe and extend pipe full size of connection to floor drain.

C. Install piping adjacent to water chillers to allow service and maintenance.

D. Evaporator Connections:  Connect inlet to evaporator with  [controller-bulb well, ]shutoff valve, thermometer, [strainer, ]pressure gage, [flexible connector, ]and flange.  Connect outlet to evaporator with shutoff valve, flow switch, balancing valve, thermometer, pressure gage, [flow meter, ] [flexible connector, ] drain connection with valve and flange.

E. Condenser Connections:  Connect inlet to condenser with shutoff valve, thermometer, plugged tee, and pressure gage.  Connect outlet to condenser with shutoff valve, thermometer, drain line and shutoff valve, strainer, and plugged tee.

F. Install shutoff valves at chilled-water and condenser-water inlet and outlet connections.

G. Refrigerant Pressure Relief Valve Connections:  Extend vent piping to the outside without valves or restrictions.

H. Ground water chillers according to Division 16 Section "Grounding and Bonding."

I. Connect wiring according to Division 16 Section "Conductors and Cables."

J. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

3.5 STARTUP SERVICE

Delete firEngage a factory-authorized service representative to perform startup service.

A. Inspect field-assembled components, equipment installation, and piping and electrical connections for proper assemblies, installations, and connections.

B. Complete installation and startup checks according to manufacturer's written instructions and perform the following:

1. Verify that refrigerant charge is sufficient and water chiller has been leak tested.

2. Verify that pumps are installed and functional.

3. Verify that thermometers and gages are installed.

4. Operate water chiller for run-in period according to manufacturer's written instructions.

5. Check bearing lubrication and oil levels.

6. Verify that refrigerant pressure relief is vented outside.

7. Verify proper motor rotation.

8. Verify static deflection of vibration isolators, including deflection during water chiller startup and shutdown.

9. Verify and record performance of chilled- and condenser-water flow and low-temperature interlocks.

10. Verify and record performance of water chiller protection devices.

11. Test and adjust controls and safeties.  Replace damaged or malfunctioning controls and equipment.

C. Prepare a written startup report that records results of tests and inspections.

D. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to two visits to site outside normal occupancy hours for this purpose.

3.6 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain water chillers.  Refer to Division 1 Section "[Closeout Procedures] [Demonstration and Training]."

END OF SECTION 15625
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