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SECTION 15681

RECIPROCATING AND SCROLL 
WATER-COOLED CHILLERS

PART 1 - GENERAL

1.01
WORK INCLUDED

A.
Chiller package

B.
Initial refrigerant and oil charge

C.
Manufacturer's field services

1.02
RELATED WORK

A.
Section 15242 - Vibration Isolation

B.
Section 15540 - HVAC Pumps

C.
Section 15712 - Induced-Draft Cooling Tower

D.
Section 15714 - Blow-Through Cooling Tower

E.
Section 15975 - Direct Digital Control Systems

1.03
CODES AND STANDARDS

Comply with all of the following:

A.
Section 15010, Part 1.05 - Codes and Standards.

B.
Air Conditioning and Refrigeration Institute ARI 590  Positive Displacment Compressor Water Chilling Packages

C.
American Society of Heating, Refrigerating, and Air-Conditioning Engineers ASHRAE 15  Safety Code for Mechanical Refrigeration

1.04
SYSTEM DESCRIPTION

In selecting the chiller type, carefully research availability of scroll-type.  At present, Trane Co. is the only source.  Throughout rest of document, follow through on selected type.

A.
Chiller Type:  [Reciprocating] [Scroll] type; water-cooled.

B.
Performance Requirements:  Chillers with a capacity of less than 150 tons (528 kW) refrigeration shall have a coefficient of performance (COP) of 3.8 minimum, and an integrated-part load value (IPLV) of 3.9 minimum.

If at all possible, select machines utilizing HFA-134a.

C.
Refrigerant:  Chillers shall use [HFC-134a] [HCFC-22] refrigerant.

1.05
SUBMITTALS

Comply with all of the following:

A.
Section 15010, Part 1.15 - Review of Materials.

B.
Shop Drawings:  Show equipment, piping and connections, valves, strainers, and thermostatic valves required for a complete system.

C.
Product Data:

1.
Written certification that components not supplied by chiller manufacturer have been selected in accordance with chiller manufacturer's instructions.

2.
Manufacturer's installation instructions.

1.06
QUALITY ASSURANCE

A.
[Reciprocating] [Scroll] water-cooled chillers shall be manufactured, tested, and rated in accordance with ARI 590.

B.
Installation shall conform to and comply with ASHRAE 15.

PART 2 - PRODUCTS

Edit part 2 to provide only the specific information needed for the project.

2.01
ACCEPTABLE MANUFACTURERS

A.
Carrier, Snyder-General (McQuay), Trane Company, York

B.
No substitutions

Edit the following descriptive specifications for any conflicts with the manufacturer's products specified above.

2.02
CHILLERS

Provide [reciprocating] [scroll] water chiller, with capacity of at least [   ] tons ([   ] kW) refrigeration when delivering [   ] gpm ([   ] L/s) of chilled water at [   ]°F ([   ]°C) when supplied with [   ] gpm ([   ] L/s) of condensing water at [   ]°F ([   ]°C), with fouling factor of not less than 0.0005 for evaporator and condenser, and power input of [   ] kW.  Pressure loss through evaporator shall be not more than [   ] ft water head ([   ] kPa) and pressure loss through condenser shall be not more than [   ] ft water head ([   ] kPa).

2.03
COMPRESSORS

Select one of the following paragraphs A. based on chiller type.  The first is for reciprocating, the second for scroll.

A.
Provide semi-hermetic reciprocating compressors with heat-treated forged steel or ductile-iron shafts, aluminum-alloy connecting rods, automotive-type pistons, rings to prevent gas leakage, suction and discharge valves, and sealing surfaces immersed in oil.

****** OR ******

A.
Provide hermetic direct-drive scroll compressors, with fixed compression, and integral centrifugal oil pump, and check valve on the scroll discharge port.

B.
Statically and dynamically balance rotating parts.

C.
Provide reversible oil-pump lubrication system arranged to ensure adequate lubrication during starting, stopping, and normal operation.

D.
Provide compressor with automatic capacity-reduction equipment consisting of suction-valve unloaders.  Use lifting mechanism operated by [oil pressure] [gas-discharge pressure] [solenoid valve].  Provide unloaded compressor start.

E.
Provide constant speed, [3600] [     ]-rpm compressor motor, suction-gas cooled, with overheating protection [full] [reduced]-voltage starting.  Supply complete with starter.

F.
Provide thermostatically-controlled crankcase heater to evaporate refrigerant returning to crankcase during shut down.  Energize heater [continuously.] [when compressor is not operating.]

G.
Provide a hot-gas muffler in the discharge of each compressor.

2.04
EVAPORATOR [AND CONDENSER]

Select option for water-cooled condenser, if applicable.

A.
Fabricate evaporator [and condenser] as shell-and-tube type, seamless or welded steel construction with cast iron or steel heads, and copper or red-brass tubes with integral fins, rolled or silver brazed into tube sheets.

B.
Provide intermediate tube supports between tube sheets spaced not more than 3 ft (900 mm) apart.

C.
Design water side for 150-psi (1 035 kPa) gauge working pressure, and test at not less than 1.5 times maximum working pressure.

D.
Design refrigerant side for 300-psi (2 070 kPa) gauge working pressure, and test at not less than 1.5 times maximum working pressure.

Ensure a copy of the current issue of PEL-M-9.04 is included in this section.

2.05
REFRIGERANT CIRCUITS

A.
Provide the following for each refrigerant circuit:

1.
Liquid-line solenoid valve

2.
Filter dryer

3.
Liquid-line sight glass

4.
Refrigerant expansion valve

5.
Charging port

2.06
CONTROLS, SAFETY FEATURES, AND DISPLAY PANEL

A.
Unit Controls:  Include at the minimum, the following components:

1.
Microprocessor

2.
Power and control circuit terminal blocks

3.
ON/OFF control switch

4.
Magnetic starter of the part-winding or across-the-line type

5.
Control-power transformer with terminal block for 115 V, or separate 115 V control-power service

6.
Leaving chilled-water set-point adjustment

7.
Two-digit diagnostic display

8.
Thermistors and/or potentiometer

9.
115 V convenience outlet in the control compartment

B.
Control Functions:

1.
Automatic compressor lead/lag

2.
Pump-out at beginning and end of every circuit cycle

3.
Capacity control based on leaving chilled-water temperature and compensated by rate of change of return-water temperature

4.
Chilled-water temperature pull-down rate limit at start-up to 1°F (0.5°C) per minute to prevent excessive electric demand at start-up

5.
Crankcase heater

C.
Safety Features:

1.
Equip with thermistors and/or potentiometers, and all necessary components in conjunction with the control system to provide the chiller unit with the following safety features:

a.
Loss-of-refrigerant charge

b.
Low-water flow

c.
Low chilled-water temperature

d.
Low and high superheat

e.
Low-oil protection for each compressor circuit

f.
Low-voltage control

g.
Ground current protection for each circuit, which shuts down compressor

2.
Equip compressors with the following manual-reset protections:

a.
Thermal overload.

b.
Pressure overload.

c.
Electrical overload.  Circuit breakers shall open all three phases in the event of an overload in any one phase, or single-phasing condition.

D.
Display Panel:

1.
The microprocessor shall verify operation of every switch, thermistor, potentiometer, [fan,] and compressor, and display results of test before the chiller is started.

2.
Display shall indicate the safety lockout condition by displaying a number code for which a legend shall be provided on the control panel.  The diagnostics shall be:

a.
Compressor lockout

b.
Loss of charge

c.
Low water flow

d.
Low oil pressure

e.
Cooler freeze protection

f.
High or low suction superheat

g.
Sensor malfunction

h.
CHW/CHWR temperature

i.
LCW/LCWR temperature

j.
Oil temperature

k.
Percent full load

l.
Refrigerant pressures

3.
The microprocessor shall be able to interface with [the building automation system] [a building automation system by Barber-Coleman or Johnson Controls] to provide the following:

a.
Remote chiller START-STOP

b.
Reset of chiller water temperature

c.
Status messages indicating chiller is ready to start, chiller is operating, chiller is shut down on a safety requiring reset, and chiller is shut down on a recycling safety

2.07
ACCESSORIES

A.
Provide the following accessories for each chiller unit:

1.
Adjustable temperature controller

2.
Low-limit temperature cutout

3.
Vapor-proof, chilled-water (and condenser water) flow switch

4.
Suction, discharge and oil-pressure gauges; 3 inch (75 mm) diameter with vibration loops, and shutoff cap-seal valve.

B.
Provide initial charge of refrigerant and oil.

2.08
REFRIGERANT MONITORING AND ALARM SYSTEM

A.
The refrigerant monitor shall be able to selectively monitor for a specific refrigerant, shall provide sensing capability down to 100   30 ppm for HFC-134a, and shall be automatically zeroed periodically by drawing air from an uncontaminated air source with adjustable time interval.  Oxygen depletion monitoring and sensing capability shall also be provided for chillers with HFC-134a down to   2%.  Auto-zero cycle shall also be initiated manually.  The unit shall have malfunction alarm, NEMA 250 type 4 enclosure, alarm outputs, and 4 to 20 mA analog outputs; Trane, MSA, or equal.

B.
If the refrigerant is found to be present at or exceeding a selected value, the refrigerant monitor shall actuate the alarms and start the ventilation system of the mechanical equipment room automatically.  The alarms shall include a warning light on the monitor, and warning lights outside all entrances to the mechanical equipment room.

C.
Provide and locate monitor sensors 18 inches (455 mm) above the floor in locations near refrigerant sources and shall be located between the refrigerant source and the inlet to the exhaust system.

D.
Monitor/sensor panels shall have adjustable alarm set-points with a visible and audible alarm.  Only the audible alarm shall be silenced or cleared manually.  This shall only reset a past alarm condition and shall not disable the monitor.  The alarm shall reactivate after 30 seconds if the alarm condition is not corrected.  Provide one set of dry 120 Vac contacts for future use.

E.
The refrigerant monitoring and alarm system shall meet the guidelines of ASHRAE 15.

PART 3 - EXECUTION

3.01
INSTALLATION

A.
Install chiller package on concrete foundations, sole plates and sub-base.  Align, level, grout, and bolt in place.

B.
Arrange piping for easy dismantling to permit tube cleaning.

C.
Provide auxiliary water piping necessary for oil-cooling units and purge condensers.

D.
Refrigerant Piping:  Provide refrigerant hot-gas and liquid piping for remote condenser units in accordance with the manufacturer's requirements and the drawings.

E.
Relief Piping:  Provide relief piping from refrigerant pressure-relief rupture disc on chiller to atmosphere.  Provide size recommended by chiller manufacturer, terminated with gooseneck facing down.

3.02
FIELD QUALITY CONTROL

A.
Manufacturer's Field Services:  Provide service of factory-trained representative for a period of [     ] days to supervise testing. dehydration, charging of unit, and start-up, and provide operation and maintenance instruction.

B.
Notify the University at least 24 hours in advance of field tests to allow University Representative to witness the tests.

C.
Operational Control Tests:

1.
Demonstrate proper functioning of the entire operational control of the chiller.  Verify proper operation as specified in part 2 of this section, including oil pumps, liquid-line solenoid valves, crankcase heaters, thermal-expansion valves, chilled-water and condenser waterflow switches, and adjustable temperature controllers.

2.
Demonstrate chiller capacity control by varying the chiller load.  The capacity range to be tested shall be from no-load to full-load and back to no-load.  The chiller shall demonstrate stable operation without excess vibration or noise.  Verify each step of the multi-step control (cylinder unloading and/or compressor staging).

Delete the following subparagraph if remote control panel is not required.

3.
Demonstrate proper operation of remote control of starting, stopping and resetting of the unit.

D.
Safety Control Tests:

1.
Demonstrate proper functioning of all safety cutouts in accordance with safety control requirements of part 2 of this section.

2.
Demonstrate that manual resetting is required to restart compressors for all safety cutouts.

3.
Demonstrate proper operation of interlocking between chillers and condenser-water pumps, and between chillers and chilled-water pumps.

4.
Simulate variables to activate safety control actions.

5.
All safety control tests shall be verified by electric signals at the compressor motor starters or actual stopping of the compressors.

E.
Running and Warning Indicators Test:

1.
Demonstrate proper functioning of all indicating lights.

2.
Testing of running and warning indicators may be performed concurrently with safety control tests.

3.03
DEMONSTRATION

Schedule operation and maintenance instruction period with the University Representative.  Submit operation and maintenance manuals in advance of instruction period.

END OF SECTION
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