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SECTION 15628 – RECIPROCATING AND SCROLL WATER CHILLERS
PART 1 -  GENERAL

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.

1.1 RELATED DOCUMENTS

A. Drawings, and the 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] [air]-cooled, electric-motor-driven, [reciprocating] [scroll] [reciprocating and scroll] 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.

2. Division 15 Section "Equipment Insulation" for insulation materials and application for pumps, tanks, hydronic specialties, and other equipment.

3. Division 15 Section "Pipe Insulation" for insulation for piping systems.

4. Division 15 Section “Basic Materials and Methods” for additional material specifications.

5. Division 15 Section “Building Automation Systems” for additional control related equipment.

6. Division 15 Section “Temperature Controls” for additional control related requirements.

7. Division 15 Section “Testing, Adjusting, and Balancing” for additional related requirements.

8. Division 15 Section “Operations and Maintenance” for additional related requirements.

1.3 DEFINITIONS

Retain abbreviations that remain after this Section has been edited.

A. EER:  Energy-efficiency ratio.

B. IPLV:  Integrated part-load value.

C. k:
Thousand (1000) units

D. M:
Million (1,000,000) units

1.4 SUBMITTALS

A. Product Data:  Submittals shall include refrigerant, rated capacities, operating characteristics, COP, IPLV, furnished specialties, and accessories.  Submit data on heat exchanger materials, pressure vessels and their materials, finishes, insulation and protective coatings.

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

B. Shop Drawings:  Submit a complete set of manufacturer’s certified prints of the water chiller assemblies, control panels, sections and elevations, and unit isolation.  Submittal shall including the following as a minimum:

1. Assembled unit dimensions.

2. 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 designated 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 Details:  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 diagrams.

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

C. Coordination Drawings:  Prepare and submit a floor and sections plan drawn to scale and coordinated with the following:

Edit subparagraphs below to suit Project.

1. Structural supports.

2. Piping rough-in requirements.

3. Wiring rough-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:  Submit certifications required in "Quality Assurance" paragraph.

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."  Submittal shall include the following:

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

Retain one of first two subparagraphs 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.  Second definition 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 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.

G. Startup service reports.

H. Operation and Maintenance Data:  For each water chiller to include in emergency, operation and maintenance manual.

I. Warranties:  Special warranties specified in this Section.

1.5 QUALITY ASSURANCE

Retain first paragraph below for water-cooled water chillers with more than 2000 tons (7035 kW) of refrigeration capacity and air-cooled water chillers with more than 200 tons (704 kW) of refrigeration capacity.  ARI 550/590 certification program does not cover water chillers of these types in the stated capacities.

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

B. ASHRAE Certification:  Submit a certificate signed by the manufacturer certifying compliance with ASHRAE 15 for safety code for mechanical refrigeration.  Chillers shall comply with ASHRAE Guideline 3 for refrigerant leaks, recovery, and handling and storage requirements. Comply with ASHRAE/IESNA 90.1 for COP’s and IPLV’s.

C. ASME Compliance:  Fabricate and label the water chiller pressure vessels in accordance with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.

D. NFPA Compliance:  Comply with NFPA 70.

E. UL Compliance:  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.

F. Green Seal Certification:  Submit a certificate signed by the [manufacturer] [Green Seal] certifying compliance with Green Seal's GS-31.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Water chillers shall be shipped from the factory with either a vacuum, fully charged with lithium bromide or a dry nitrogen-holding charge.

1.7 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.

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, 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 to 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 is included in the 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 are included in the scope of work.

1.8 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.

B. Warranty Period for <insert equipment name>:  [Two] <insert number> years from date of Substantial Completion.
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. Reciprocating Water Chillers:

a. Carrier; a United Technologies Company.

b. Dunham-Bush.

c. McQuay International.

d. YORK International Corporation.

e. <Insert manufacturer's name.>

f. Manufacturers that have obtained prior approval from the reviewing agency in accordance with Section “Submittals.”

2. Scroll Water Chillers:

a. Carrier; a United Technologies Company.

b. Dunham-Bush.

c. McQuay International.

d. Trane Company (The).

e. YORK International Corporation.

f. <Insert manufacturer's name.>

g. Manufacturers that have obtained prior approval from the reviewing agency in accordance with Section “Submittals.”

2.2 PACKAGED WATER CHILLERS

Retain one of three paragraphs and associated subparagraphs below.  Retain first paragraph for water-cooled water chillers, second paragraph for air-cooled water chillers with remote air-cooled condensers, or third paragraph and subparagraphs for air-cooled water chillers with integral air-cooled condensers for mounting outdoors.

A. Description:  Furnish and install a factory-assembled and -tested water chiller complete with compressor, evaporator, condenser, controls, interconnecting unit piping and wiring, indicated accessories, mounted on a rigid steel frame.
B. Description:  Factory-assembled and -tested water chiller complete with compressor, evaporator, and controls integrated with compressor operation mounted on a rigid steel frame.

C. Description:  Factory-assembled and -tested water chiller complete with compressor, air-cooled condenser coils and fans, and controls integrated with compressor operation.

Verify availability of factory-painted finish.

1. Casing:  Weatherproof, constructed of hot-dip galvanized steel [with factory-painted finish.
2. Fans:  Propeller type, statically and dynamically balanced, with vertical air discharge for high efficiency and low sound; located in its own compartment to eliminate cross flow of condenser air during fan cycling; and equipped with heavy-gage, weather-protected fan guard.

3. Fan Motor:  Direct drive, weatherproof, with bearings permanently lubricated, and having built-in current- and thermal-overload protection.

D. Air-Cooled Condenser:  The condenser shall have the features specified below.

Retain paragraph below for projects in seismic areas.

E. Fabricate water chiller mounting frame and attachment to the pressure vessel with reinforcement strong enough to resist water chiller movement during a seismic event when the water chiller mounting frame is anchored to the building structure.

Delete paragraph and subparagraphs below if characteristics and capacities are scheduled on Drawings.

F. Water Chiller Characteristics and Capacities:

1. Net Refrigeration Capacity:  <Insert kW (tons).>

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

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

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

4. Efficiency for reciprocating chillers:

a. For all capacities:

1) IPLV not less than 4.65

2) COP not less than 4.20

5. Efficiency for scroll chillers:

a. For capacities less than  547 kW (150 tons) 

1) IPLV not less than 4.50

2) COP not less than 4.45

b. For capacities between 547 kW (150 tons) and less than 1094 kW (300 tons)
1) IPLV not less than 4.95

2) COP not less than 4.90

c. For capacities equal or greater than 1094 kW (300 tons)
1) IPLV not less than 5.60

2) COP not less than 5.50

Include the following requirements when not shown on the drawings:

6. Chilled-Water Flow:  <Insert L/s (gpm).>

7. Evaporator Entering-Water Temperature:  <Insert deg C (deg F).>

8. Evaporator Leaving-Water Temperature:  <Insert deg C (deg F).>

9. Evaporator Water-Pressure Drop:  <Insert kPa (feet of head).>

10. Evaporator Fouling Factor:  <Insert factor.>

11. Condenser-Water Flow:  <Insert L/s (gpm).>

12. Condenser Entering-Water Temperature:  <Insert deg C (deg F).>

13. Condenser Leaving-Water Temperature:  <Insert deg C (deg F).>

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

15. Condenser Fouling Factor:  <Insert factor.>

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

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

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

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

Retain first subparagraph below for air-cooled water chillers.

20. Condenser Fan(s):  <Insert number of fans>; with [240] [480] <Insert other>-V ac, 3 phase, 60 Hz motors.

21. Noise Rating:  <Insert dBA> at <Insert distance in m (feet)>.

Retain one of two compressor articles below unless Contractor has an option to provide either compressor.

2.3 RECIPROCATING COMPRESSORS

A. Description:  Compressors shall be positive-displacement, direct drive type with suction and discharge service valves, crankcase oil heater, and suction strainer.  The compressor shall be capable of operating at part-load conditions without increased vibration over normal vibration at full-load operation and shall be capable of continuous operation at its lowest step of unloading.

B. Capacity Control:  Control shall consist of combinations of cylinder unloading and on-off compressor cycling of multiple compressors [, and hot-gas bypass].

C. Oil Lubrication System:  Pump shall be the reversible, positive-displacement pump type with strainer, sight glass, filling connection, filter with magnetic plug, and initial oil charge.

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

D. Refrigerant:  [HCFC-22] [HFC-134a] [HFC-407c] [HFC-410a] [HCFC-22, HFC-134a, HFC-407c, or HFC-410a].

Retain option in paragraph 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 the selected refrigerant, and pressure components shall be rated for the required refrigerant pressures.

Retain below for air-cooled units with multiple circuits.  Number of circuits varies with water chiller size.

F. Refrigerant Circuits:  Unit shall have a minimum of <Insert number> independent circuits.  Each circuit shall include [a thermal] [an electronic] expansion valve, compressor suction and discharge shutoff valves, a liquid-line shutoff valve, a replaceable-core filter drier, a sight glass with moisture indicator, a liquid-line solenoid valve, and an insulated suction line.  Each circuit shall be served by no more than one compressor.

2.4 SCROLL COMPRESSORS

A. Description:  Compressors shall be positive displacement, direct drive type with suction and discharge service valves, crankcase oil heater, and suction strainer.  The compressor shall be capable of operating at part-load conditions without increased vibration over normal vibration at full-load operation and shall be capable of continuous operation at its lowest step of unloading.

B. Capacity Control:  [Hot-gas bypass.] [Two-speed.] [Two-speed with hot-gas bypass.]

C. Oil Lubrication System:  Pump shall be the reversible, positive-displacement pump type with strainer, sight glass, filling connection, filter with magnetic plug, and initial oil charge.

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

D. Refrigerant:  [HCFC-22] [HFC-134a] [HFC-407c] [HFC-410a] [HCFC-22, HFC-134a, HFC-407c, or HFC-410a].

Retain option in paragraph 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 the selected refrigerant, and pressure components shall be rated for the required refrigerant pressures.

Retain below for air-cooled units with multiple circuits.  Number of circuits varies with water chiller size.

F. Refrigerant Circuits:  Unit shall have a minimum of <Insert number> independent circuits.  Each circuit shall include [a thermal] [an electronic] expansion valve, compressor suction and discharge shutoff valves, a liquid-line shutoff valve, a replaceable-core filter drier, a sight glass with moisture indicator, a liquid-line solenoid valve, and an insulated suction line.  Each circuit shall be served by no more than one compressor.

2.5 HEAT EXCHANGERS

A. Evaporator:

1. Description:  The evaporator shall be a shell-and-tube design and be, ASME labeled regardless of operating pressure.

2. Shell Material:  Carbon steel.

3. Tube Construction:  Each tube shall be individually replaceable and expanded securely into the tube sheets in an approved manner.

Tube materials and features vary among manufacturers; verify availability.

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

b. Minimum Size:  19-mm (3/4-inch) OD; [0.71-mm (0.028-inch][0.035 inch 0.89-mm)] wall thickness.

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

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

Retain paragraph and subparagraphs below for water-cooled water chillers.

B. Condenser:

1. Description:  The condenser shall be a shell-and-tube design and be ASME labeled regardless of operating pressure.

2. Shell Material:  Carbon steel.

3. Tube Construction:  Each tube shall be individually replaceable and expanded securely into the tube sheets in an approved manner.

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

b. Minimum Size:  19-mm (3/4-inch) OD; [0.71-mm (0.028-inch][0.035 inch 0.89-mm)] wall thickness.

Retain subparagraph above for water-cooled water chillers and first subparagraph below for air-cooled water chillers.

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

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

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

C. Heat-Reclaim Condenser:  Heat reclaim shall be a separate heat exchanger identical to the condenser.

Retain paragraph and subparagraph below for air-cooled water chillers; delete for water-cooled water chillers and for water chillers with remote air-cooled condensers.  Remote air-cooled condensers are specified in Division 15 Section "Air-Cooled Condensers."

Manufacturers offer various types of coatings for protecting condensers from corrosive environments.  Consult manufacturer if a particular protection is required.

D. Air-Cooled Condenser:  The air cooled condenser shall have copper tubes that are mechanically bonded to [aluminum] [copper] fins [with corrosion-resistant coating].  Condenser shall have an integral subcooling circuit and be leak tested at 3105 kPa (450 psig) under water.

Retain below if low-ambient operation is required.

1. Safety and Operating Options:  Low-ambient controls for operation down to <Insert temperature>.

2. Accessories:  Manual air vent, refrigerant service valves are hot has and liquid lines, refrigerant receiver, sightglass and filter drier.

E. 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, 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-434 and 435.

2.6 INSULATION

Insulating materials and thicknesses may vary among manufacturers; verify availability.  Unless water chillers are available with heaters or antifreeze solutions, air-cooled water chillers mounted outdoors should be used only in nonfreezing climates.

A. Cold Surfaces:  Insulation shall be a closed-cell, flexible elastomeric, thermal insulation complying with ASTM C 534, 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 entire 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.

2.7 ACCESSORIES

Below are manufacturer's options.  Verify availability and edit to suit Project.

A. Factory-installed hot-gas bypass.

B. Low-ambient head pressure.

C. Chilled and condenser-water flow switch.

D. Suction and discharge pressure gages.

2.8 CONTROLS

Coordinate this Article with Division 15 Section "HVAC Instrumentation and Controls."

A. 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.

B. Enclosure:  Control panel shall be 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 powered through an internal control transformer.

C. 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 and alarm status.

3. Operating hours.

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

5. Temperature and pressure of operating set points.

6. Entering and leaving temperatures of chilled water.

7. Entering and leaving temperatures of condenser water (for water-cooled water chillers only).

8. Refrigerant pressures in evaporator and condenser.

9. Saturation temperature in evaporator and condenser.

10. No cooling load condition.

11. Elapsed time meter (compressor run status).

12. Water pump status (optional).

13. Anti-recycling timer status.

14. Percent of maximum motor amperage.

15. Current-limit set point.

16. Number of compressor starts.

17. <Insert other status display items.>

D. 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 temperature, 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 (for water-cooled water chillers only).

5. External water chiller emergency stop.

6. Chilled condenser water flow

7. Capacity and COP
8. Anti-recycling timer.

9. Automatic lead-lag switching.

First subparagraph below is suitable for air-cooled units.

10. Start and run during a temperature of <Insert typical conditions available from manufacturers> <Insert other temperature>.

11. <Insert other control functions.>

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

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

1. Low evaporator pressure or high condenser pressure.

2. Low chilled-water temperature.

3. Refrigerant high pressure.

4. High or low oil pressure.

5. High oil temperature.

6. Loss of chilled-water flow.

7. Loss of condenser-water flow (for water-cooled water chillers only)

8. Control device failure.

9. Compressor motor current-overload.

10. Starter fault.

11. <Insert other reset safety items.>

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

F. 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.

2.9 BUILDING AUTOMATION SYSTEM INTERFACE

A. The 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. The 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. Motor status, amps and percent load

3. Chiller capacity

4. Refrigerant pressures, i.e. evaporator and condenser

5. Entering and leaving temperatures for chilled and condenser water

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

7. Loss of electrical power

8. Chilled and condenser water flows

2.10 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. Refer to Division 15 Section "Motors" for general requirements.

B. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.

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

2.11 ELECTRIC MOTORS

A. All electric motors shall comply with the requirements of Section 10, including Table 10.2, and Section 11:  Energy Cost Budget Method of ASHRAE/IESNA Standard 90.1 and Code of Federal Regulations 10-CFR-435.

2.12 MAGNETIC ENCLOSED CONTROLLERS

Delete this Article if motor controllers are specified separately in Division 16 Sections.

Not all manufacturers provide all control panel features specified in this Article; verify availability with manufacturers.  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] [3R] [4] [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, indicating and control devices, plus 100 percent spare capacity.

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 first two 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. Across-the-Line Combination Controller:  Factory-assembled combination NEMA ICS 2, Class A, full-voltage, non-reversing controller and disconnect switch.

1. Fusible Disconnecting Means:  NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips rated for fuses.  Select and size fuses to provide Type 2 protection according to IEC 947-4-1.

2. Non-fusible Disconnecting Means:  NEMA KS 1, heavy-duty, non-fusible switch.

3. Circuit-Breaker Disconnecting Means:  NEMA AB 1, motor-circuit protector with field-adjustable, short-circuit trip coordinated with motor locked-rotor amperes.

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

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

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

Retain one of two subparagraphs and associated subparagraphs below if applicable; delete if metering is not required.

2. 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. Running log of total power versus time.

f. Total run time.

g. Fault-log, maintaining last four faults with time and date stamp of each.

h. <Insert additional features.>

3. 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 seven 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.

b. Mounting:  Display and control unit flush or semi-recessed in instrument compartment door.

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

4. Phase-Failure and Under-voltage Relays:  Solid-state sensing circuit with adjustable under-voltage setting and isolated output contacts for hard-wired connection.

2.13 SOURCE QUALITY CONTROL

Factory tests are an added cost option and may not be available from some manufacturers.  Verify requirement with Owner.

A. The manufacturer shall 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.

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).

B. The manufacturer shall factory test heat exchangers hydrostatically at 1.50 times the design pressure, but not less than 150 psig (1040 kPa).

C. The manufacturer shall factory test and inspect evaporator and water cooled-condenser in accordance with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.  Stamp with ASME label.

Retain paragraph above for water chillers located indoors or paragraph below for water chillers located outdoors.

D. The manufacturer shall factory test and inspect water boxes at 150 percent of working pressure, but not less than 150 psig (1040 kPa).

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

E. The manufacturer shall rate sound power level according to ARI 575 procedure.

F. The chiller manufacturer shall rate sound power level according to ARI 370 procedure.

G. The chiller manufacturer shall allow the Owner access to the places where the water chillers are being source quality control tested.  The government shall be notified 14 days in advance of and testing.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Before water chiller installation, the Contractor shall examine the rough-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 the Drawings are approximate.  The Contractor shall determine the exact locations before roughing-in for piping and electrical connections.

B. The Contractor shall proceed with the installation only after unsatisfactory conditions have been corrected.

3.2 WATER CHILLER INSTALLATION

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

Revise paragraph and subparagraphs below based on installed equipment.  Indicate dowel rod quantity, size, and spacing on Drawings if 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 the concrete base to the 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 in accordance with approved setting drawings, templates, diagrams, instructions, and directions furnished with items specified 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 shall be as 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 <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. Evacuate and charge water chiller with refrigerant if not factory charged.

H. Install devices furnished by manufacturer that were shipped unattached to the chiller.

3.3 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 specialities.

A. Chilled- and condenser-water piping installation requirements shall be as specified in Division 15 Section "Hydronic Piping."  Drawings indicate general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to chiller to allow service and maintenance.

C. Evaporator Connections:  Connect inlet to evaporator with controller-bulb well, shutoff valve, thermometer, strainer, pressure gage, and union or flange.  Connect outlet to evaporator with shutoff valve, flow switch, balancing valve, thermometer, pressure gage, and union or flange.

Retain first two paragraphs below for water-cooled water chillers.

D. 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.

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

F. Ground water chillers in accordance with Division 16 Section "Grounding and Bonding."

G. Connect wiring in accordance with to Division 16 Section "Conductors and Cables."

H. 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.

3.4 STARTUP SERVICE

Delete first paragraph below if factory-authorized service representative is not required.

A. The Contractor shall engage a factory-authorized service representative to perform startup service.

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

C. 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 (for water-cooled water chillers).

7. Verify proper motor rotation.

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

Delete option in first subparagraph below for air-cooled water chillers.

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.

D. Prepare and submit to the government a written startup report that records results of tests and inspections.

E. 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.

3.5 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 15628
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