Packaged Semi-Hermetic Centrifugal Liquid Chiller

HVAC Guide Specifications — 19DV

Size Range:

19DV — 350 to 800 Tons (1231 to 2813 kW) Nominal

Carrier Model Number:

19DV

· General

· SYSTEM DESCRIPTION

· Microprocessor-controlled water-cooled chillers shall be factory assembled, single piece, including a single or multi-stage compressor, motor, evaporator, condenser, controls, and variable speed drive. The compressor motor VFD will be mounted on the chiller, wired, and tested by the chiller manufacturer.

· The following low GWP (global warming potential) refrigerant is considered acceptable: 

HFO-1233zd(E), low pressure, GWP = 1

1. Manufacturers shall supply equipment with low GWP HFO refrigerants. 

2. If a B1 refrigerant is being offered, a vapor activated alarm system shall be included and be capable of responding to levels of 50 ppm (HFO-514A) Allowable Exposure Limit (AEL). Plant room ventilation required.

· QUALITY ASSURANCE
· Chiller’s performance shall be rated in accordance with AHRI (Air-Conditioning, Heating and Refrigeration Institute) Standard 550/590 and 551/591, latest edition. The low GWP refrigerants utilized shall be indicated on the AHRI output report and the chiller manufacturer, model number and refrigerant shall be listed on the AHRI.org website (www.ahridirectory.org).

· Equipment and installation shall be in compliance with ANSI/ASHRAE (American National Standards Institute/American Society of Heating, Refrigerating and Air-Conditioning Engineers) 15 (latest edition).

· Evaporator and condenser refrigerant side shall include ASME “U” stamp and nameplate certifying compliance with ASME Section VIII, Division 1 code for unfired pressure vessels.

The manufacturer shall confirm that the appropriate ASME calculations were performed to the highest leaving condenser water (hot water) temperature listed on the schedule. To be acceptable the highest leaving condenser water temperature shall not be lower than 110°F (43.3ºC). If the leaving condenser water temperature is greater than 110ºF (43.3ºC), the manufacturer shall provide a copy of the ASME U1 form proving suitability at the temperature on the submittal.

· Chiller shall be designed and constructed to meet UL (Underwriters Laboratories) and CSA (Canadian Standards Association) requirements and have labels appropriately affixed.

· Centrifugal compressor impellers shall be dynamically balanced and over-speed tested by the manufacturer at a minimum of 120% design operating speed. Each compressor assembly shall undergo a mechanical run-in test to verify vibration levels, lubricant pressures (if applicable), and temperatures are within acceptable limits.

· Each compressor assembly shall be proof tested at a minimum 80 psig (653 kPa) and leak tested at 57 psig (494 kPa) with a tracer gas mixture.

· Entire chiller assembly shall be proof tested at 80 psig (653 kPa) and leak tested at 72 psig (598 kPa) with a tracer gas mixture on the refrigerant side. The water side of each heat exchanger shall be hydrostatically tested at 1.3 times rated working pressure.

· Prior to shipment, the chiller automated controls test shall be executed to check for proper wiring and ensure correct controls operation.

· On chillers with unit-mounted VFD (variable frequency drive), the chiller and VFD shall be factory wired and tested together to verify proper operation prior to shipment.

· The management process governing the manufacture of this chiller shall be ISO 9001:2015 certified. 

· SUBMITTALS

· Submit drawings showing assembled chiller, chiller dimensions, and service clearances.

· Submit data indicating electrical requirements, field wiring diagrams and piping connections.

· DELIVERY, STORAGE AND HANDLING

· Manufacturer shall provide instructions for long term storage upon request.

· Unit shall be shipped with all refrigerant piping and control wiring factory installed.

· Include installation operation and maintenance manual (IOM) for both the chiller and VFD. If not in the IOM, include field piping diagrams with valves, strainers and temperature sensors required for complete system.

· Unit shall be shipped with firmly attached labels that indicate name of manufacturer, chiller model number, chiller serial number, and refrigerant used.

· If the chiller is to be exported it is recommended that export packaging be included.

· WARRANTY

Warranty shall include:

Parts and labor for one year after start-up or 18 months from shipment, whichever occurs first. 

· System Requirements

· GENERAL

· Multiple identical water-cooled centrifugal chillers in parallel with VFD pump(s), VFD on tower fan motors, plate frame heat exchanger (integrated water side economizer) or refrigerant migration, valving, and microprocessor control system. 

· VFD pump(s), VFD fan motors, valves, and plate frame heat exchanger supplied by others.

· MODES OF OPERATION

Chiller should be able to perform the following modes of operation:

1. Mechanical Cooling

2. Free Cooling (option)

a. Integrated water-side economizer (IWSE)

b. Refrigerant migration (RM)

3. Heat Recovery

· COMPRESSOR

· The compressor-motor assembly shall be direct drive semi-hermetic centrifugal with multi-stage design with refrigerant lubricated ceramic bearings.

· All manufacturers shall provide a quote for an itemized list of bearing components. Proposal shall include line item pricing for spare bearings. Failure to provide a quote is a disqualification. 

· Motor type shall be induction NEMA Class B, insulation Class F.

· Chiller shall be able to unload to 20% of design tonnage at design temperatures and flows without gas flow circulation, load balance valve or hot gas bypass.

· Motors shall be suitable for operation in a refrigerant atmosphere and shall be cooled by atomized refrigerant in contact with the motor windings.

· Connections to the compressor casing shall use gaskets to reduce the occurrence of refrigerant leakage. Connections to the compressor shall be flanged or bolted for easy disassembly. 

· All pressure transducers shall have quick disconnects to allow replacement of the sensor without replacement of the entire sensor wire. Pressure transducers shall be capable of field calibration to ensure accurate readings and to avoid unnecessary transducer replacement. Pressure transducers and temperature sensors shall be serviceable without the need for refrigerant charge removal or isolation.

· Centrifugal compressors shall use variable inlet guide vanes to provide partial capacity modulation while also providing pre-whirl of the refrigerant vapor entering the impeller.

· Centrifugal compressors with ceramic bearings shall be provided with a factory-installed refrigerant lubrication system.

· Compressor shall be fully field serviceable. Compressors which must be removed and returned to the factory for service shall be unacceptable.

· EVAPORATOR AND CONDENSER

· Evaporator shall be of hybrid falling-film type construction. 

1. Waterbox shall be nozzle-in-head or marine waterbox (150 psig [1034 kPa]).

2. Waterbox shall have standard Victaulic grooves or flanges. 

· Condenser shall be of shell and tube type construction with shells, tube sheets and waterboxes fabricated out of carbon steel.

1. Waterbox shall be nozzle-in-head or marine (150 psig [1034 kPa]).

2. Waterbox shall have standard Victaulic grooves or flanges.

· Waterboxes shall have vents, drains, and covers to permit tube cleaning within the space shown on the drawings. A thermistor type temperature sensor with quick connects shall be factory installed in each water nozzle.

· ASME Compliance: Shells and connective piping fabricate and label chiller to comply with ASME Boiler Pressure Vessel Code, Section VIII, Division 1 and include an ASME U stamp and nameplate certifying compliance. 

· Insulation shall be 3/4-in. thick to prevent sweating. The insulation shall cover all low temperature surfaces.

· Tubes:

1. Individually replaceable from either end and without affecting the strength and durability of the tube sheet and without causing leakage in adjacent tubes.

2. Mechanically expanded into the grooved end sheets and physically attached to intermediate tube sheets. Sealants alone should not be an acceptable method to seal the tubes to the end tube sheets.

3. Tube sheet holes shall be double grooved for a leak tight joint.

4. Tubes shall be nominal 3/4 or 1-in. OD

5. Minimum wall thickness 0.025 in.

6. Tubing shall be copper, high-efficiency type, with internal and external enhancement.

7. For series counterflow arrangements, both the evaporator and condenser shall be 1 pass. For parallel arrangements, the evaporator shall be 2 or 3 pass and condensers shall be 2 pass.

· A rupture disc type pressure relief device shall be installed on each evaporator. 

· PURGE

Manufacturers using low pressure refrigerants shall incorporate a factory installed automatic purge system for collection and return of refrigerant and for removal of non-condensables. The purge operation shall be independent of chiller. 

· REFRIGERANT FLOW CONTROL

· To maintain optimal part load efficiency, the refrigerant expansion device to the evaporator and as applicable to the economizer, shall use a variable metering valve, such as a float valve. To ensure optimal operating performance, the valve design will prevent refrigerant gas from the condenser passing to the evaporator at full or part load.

· The float valve chamber shall have a bolted access cover to allow field inspection and the float valve shall be field serviceable.

· Fixed orifices are not allowed. 

· CONTROLS, SAFETIES, AND DIAGNOSTICS

· Controls:

1. The chiller shall be provided with a factory installed and wired microprocessor control center. The microprocessor can be configured for either English or SI units.

2. All chiller and VFD monitoring shall be displayed at the chiller control panel.

3. The controls shall make use of non-volatile memory.

4. The chiller control system shall have the ability to interface and communicate directly to the building control system.

5. The default standard display screen shall simultaneously indicate the following minimum information:

a. date and time of day

b. 24-character primary system status message

c. 24-character secondary status message

d. chiller operating hours

e. entering chilled water temperature

f. leaving chilled water temperature

g. evaporator refrigerant temperature

h. entering condenser water temperature

i. leaving condenser water temperature

j. condenser refrigerant temperature

k. percent motor rated load amps (RLA)

6. In addition to the default screen, status screens shall be accessible to view the status of every point monitored by the control center including:

a. evaporator pressure

b. condenser pressure

c. bearing refrigerant supply temperature

d. compressor discharge temperature

e. motor winding temperature 

f. number of compressor starts

g. control point settings

h. discrete output status of various devices

i. compressor motor VFD status

j. optional spare input channels

k. current and voltage for each phase

l. frequency

7. Schedule Function:

The chiller controls shall be configurable for manual or automatic start-up and shutdown. In automatic operation mode, the controls shall be capable of automatically starting and stopping the chiller according to a stored user programmable occupancy schedule. The controls shall include built-in provisions for accepting:

a. A minimum of two 365-day occupancy schedules.

b. Minimum of 8 separate occupied/unoccupied periods per day.
c. Daylight savings start/end.

d. Minimum of 16 user-defined holidays.

e. Means of configuring an occupancy timed override.

f. Chiller start-up and shutdown via remote contact closure.

8. Service Function:

The controls shall provide a password protected service function which allows authorized individuals to view an alarm history file which shall contain the last 25 alarm/alert messages with time and date stamp. These messages shall be displayed in text form, not codes.

9. Network Window Function:

Each chiller control panel shall be capable of viewing multiple point values and statuses from other like controllers connected on a common network, including controller maintenance data. The operator shall be able to alter the remote controller's set points or time schedule and to force point values or statuses for those points that are operator forcible. The control panel shall also have access to the alarm history file of all like controllers connected on the network.

10. Pump Control:

Upon request to start the compressor, the control system shall start the chilled water pump, condenser water pumps and verify that flows have been established.

11. Ramp Loading:

A user-configurable ramp loading rate, effective during the chilled water temperature pulldown period, shall control the rate of guide vane opening to prevent a rapid increase in compressor power consumption. The controls shall allow configuration of the ramp loading rate in either degrees/minute of chilled water temperature pulldown or percent motor amps/minute. During the ramp loading period, a message shall be displayed informing the operator that the chiller is operating in ramp loading mode.

12. Chilled Water Reset:

The control center shall allow reset of the chilled water temperature set point based on any one of the following criteria:

a. Chilled water reset based on an external 4 to 20 mA signal.

b. Chilled water reset based on a remote temperature sensor (such as outdoor air).

c. Chilled water reset based on water temperature rise across the evaporator.

13. Demand Limit:

The control center shall limit amp draw of the compressor to the rated load amps or to a lower value based on one of the following criteria:

a. Demand limit based on a user input ranging from 40% to 100% of compressor rated load amps.

b. Demand limit based on external 4 to 20 mA signal.

14. Controlled Compressor Shutdown:

The controls shall be capable of being configured to soft stop the compressor. When the stop button is pressed or remote contacts open with this feature active, the guide vanes shall close to a configured amperage level and the machine shall then shut down. The display shall indicate “shutdown in progress.”

· Safeties:

1. Unit shall automatically shut down when any of the following conditions occur: (Each of these protective limits shall require manual reset and cause an alarm message to be displayed on the control panel screen, informing the operator of the shutdown cause.)

a. motor overcurrent

b. overvoltage
 
c. undervoltage1

d. single cycle dropout1
e. bearing refrigerant high temperature

f. low evaporator refrigerant temperature

g. high condenser pressure

h. high motor temperature

i. high compressor discharge temperature

j. variable frequency drive fault

k. high variable frequency drive temperature

l. prolonged surge

m. loss of evaporator water flow

n. loss of condenser water flow

o. low bearing differential pressure

2. The control system shall detect conditions that approach protective limits and take self-corrective action prior to an alarm occurring. The system shall automatically reduce chiller capacity when any of the following parameters are outside their normal operating range:

a. high condenser pressure

b. high motor temperature

c. low evaporator refrigerant temperature

c. surge prevention control

d. high motor amps

3. During the capacity override period, a pre-alarm (alert) message shall be displayed informing the operator which condition is causing the capacity override. Once the condition is again within acceptable limits, the override condition shall be terminated and the chiller shall revert to normal chilled water control. If during either condition the protective limit is reached, the chiller shall shut down and a message shall be displayed informing the operator which condition caused the shutdown and alarm.

4. Internal built-in safeties shall protect the chiller from loss of water flow. Differential pressure switches shall not be allowed to be the only form of freeze protection.

· Diagnostics and Service:

1. A self-diagnostic controls test shall be an integral part of the control system to allow quick identification of malfunctioning components.

2. Once the controls test has been initiated, all pressure and temperature sensors shall be checked to ensure they are within normal operating range. A pump test shall automatically energize the chilled water pump, and condenser water pump. The control system shall confirm that water flow has been established and require operator confirmation before proceeding to the next test. A guide vane actuator test shall open and close the guide vanes to check for proper operation. The operator manually acknowledges proper guide vane operation prior to proceeding to the next test.

· Jobsite Requirements

· ELECTRICAL REQUIREMENTS

· Electrical contractor shall supply and install main electrical power line, disconnect switches, circuit breakers, and electrical protection devices per local code requirements and as indicated necessary by the chiller manufacturer.

· Electrical contractor shall wire the chilled water pump, condenser water pump, and tower fan control circuit to the chiller control circuit.

· Electrical contractor shall supply and install electrical wiring and devices required to interface the chiller controls with the building control system if applicable.

· Electrical power shall be supplied to the unit at the voltage, phase, and frequency listed in the equipment schedule.

· PIPING REQUIREMENTS—INSTRUMENTATION AND SAFETIES

· Mechanical contractor shall supply and install pressure gages in readily accessible locations in piping adjacent to the chiller such that they can be easily read from a standing position on the floor. Scale range shall be such that design values shall be indicated at approximately mid-scale.

· Gages shall be installed in the entering and leaving water lines of the evaporator and condenser.

· VIBRATION ISOLATION
Chiller manufacturer shall furnish neoprene isolator pads for mounting equipment on a level concrete surface.

· START-UP

· The chiller manufacturer shall provide a factory-trained representative, employed by the chiller manufacturer, to perform the start-up procedures as outlined in the Start-up, Operation and Maintenance manual provided by the chiller manufacturer.

· Manufacturer shall supply the following literature:

1. Start-up, operation and maintenance instructions.

2. Installation instructions.

3. Field wiring diagrams.

4. One complete set of certified drawings.

· SPECIAL FEATURES

· Soleplate Package Accessory:

Unit manufacturer shall furnish a soleplate package consisting of soleplates, jacking screws, leveling pads, and neoprene pads.

· Spring Isolators Accessory:

Field furnished and selected for the desired degree of isolation.

· Spare Sensors with Leads Accessory:

Unit manufacturer shall furnish additional temperature sensors and leads.

· Refrigerant Charge:

Chiller shall be shipped with dry nitrogen charge.

· Thermal Insulation:

Unit manufacturer shall insulate the evaporator shell, economizer low side compressor suction elbow, motor shell and motor cooling lines. Insulation shall be 3/4 in. (19 mm) thick with a thermal conductivity not exceeding 0.28 (Btu in.)/hr ft2 °F [(0.0404 • W)/(m • °C)] and shall conform to UL standard 94, classification 94 HBF.

· Optional Envelope Stability Control:

Modulating valve and piping shall be factory furnished to permit stable chiller operation at low loads.

· Evaporator and Condenser Tubes:

Contact local Carrier representative for other tube offerings.

· Nozzle-In-Head, 300 psig (2068 kPa):

Unit manufacturer shall furnish nozzle-in-head style waterboxes on the evaporator and/or condenser rated at 300 psig (2068 kPa).

· Marine Waterboxes, 150 psig (1034 kPa):

Unit manufacturer shall furnish marine style waterboxes on evaporator and/or condenser rated at 150 psig (1034 kPa).

· Marine Waterboxes, 300 psig (2068 kPa):

Unit manufacturer shall furnish marine style waterboxes on evaporator and/or condenser rated at 300 psig (2068 kPa).

· Flanged Waterbox Nozzles:

Unit manufacturer shall furnish standard flanged piping connections on the evaporator and/or condenser.

· Hinges:

Unit manufacturer shall furnish hinges on waterboxes to facilitate tube cleaning.

· BACnet
 Communication Option:

Shall provide factory-installed communication capability with a BACnet network. 

· Free Cooling Option:

The chiller shall be able to provide useful cooling capacity, with its compressor off, via refrigerant migration free cooling. The required free cooling hardware (valves, actuators, piping) and software shall be factory installed. The manufacturer’s submittal shall provide the conditions that support operation in free cooling mode, as well as the capacity the chiller makes when operating in free cooling mode.

· Active Harmonics Filter (AHF) Option:

1. The AHF shall be air cooled, microprocessor based, pulse width modulated (PWM) design to provide harmonics mitigation (generated by VFD). Water-cooled designs are not acceptable.

2. Input and output power devices shall be Insulated Gate Bipolar Transistors (IGBTs).

3. An IGBT based power section shall convert fixed DC bus to harmonics compensating currents.

4. An AC line reactor shall provide enough impedance for harmonics regulations in order to maintain less than 5 percent total demand distortion.

5. A trap filter shall reduce high frequency PWM ripple to the AC grid.

6. An AC line surge protection device with a feedback to AHF controller shall be included.

7. In addition to the circuit breaker, AHF assembly shall have its own internal fuses.

· UNIT MOUNTED VFD WITH 1% LINE REACTOR AND 4% DC CHOKE 
· The compressor motor starter VFD shall be factory mounted, wired and tested prior to shipment by the chiller manufacturer. Customer electrical connection for compressor motor power shall be limited to main power leads to the starter, and wiring water pumps and tower fans to the chiller control circuit.

1. Totally Enclosed Non-Ventilated (TENV) enclosure with integral fan coil cooling and lockable hinged doors.

2. Main power fused disconnect.

3. Capability to start and stop chiller, pumps and tower fans.

4. 4 kva control transformer.

5. Branch circuit fuse to provide power for refrigerant pump.

6. Branch circuit fuse to provide control power.

7. Branch circuit fuse to provide for purge panel.

8. The following are standard features:

a. Phase loss

b. Phase reversal

c. Phase imbalance

e. 3-phase ground fault

f. Low voltage—phase to phase and phase to ground

g. Current overload

h. 3-phase under/over voltage

i. Microprocessor based overload trip protection

j. Line frequency, line current, line voltage, load current, load power, load frequency values are displayed on PIC 6 control panel.

k. Input voltage surge suppression

· VFD Design and Components:

1. Design:

a. VFD shall be air or refrigerant cooled, microprocessor based, pulse width modulated (PWM) design. Water-cooled drives are not acceptable.

b. If water-cooled is provided, the following must be done on a yearly basis: coolant solution must be replaced, cooling system must be flushed out, strainer cleaned, and shell and tube heat exchanger tubes must be cleaned.

c. Input power device shall be full wave SCR diode bridge.

d. Input 6 pulse rectifier shall convert incoming AC voltage to DC voltage. Input current and voltage shall be regulated.

e. Transistorized inverter and control regulator (V/f) shall convert DC voltage to a sinusoidal PWM waveform.

f. Integrated chiller controls shall coordinate motor speed and guide vane position to optimize chiller performance over all chiller operating conditions.

g. Surge prevention and surge protection algorithms shall take action to prevent surge and move chiller operation away from surge.

2. Enclosure:

a. Pre-painted unit mounted, Totally Enclosed Non-Ventilated (TENV) cabinet shall include hinged, lockable doors and removable lifting lugs. 

b. VFD shall have a short circuit interrupt of 100,000 amps (480 Vac).

c. Provisions to padlock main disconnect handle in the “Off” positions shall be provided. 

d. Provisions shall be made for top entry of incoming line power cables.

3. Heat Sink:

a. The heat sink shall be air-cooled. 

b. Integral fan coil shall be metered by microprocessor control solenoid valve to maintain temperature within acceptable limits for VFD enclosure temperature.

c. Water-cooled VFD heat exchangers (cold plate and fan coil) are not acceptable. 

4. VFD Rating:

a. Drive shall be suitable for continuous operation at nameplate voltage ±10%.

b. Drive shall be suitable for continuous operation at 100% of nameplate amps and 150% of nameplate amps for 5 seconds.

c. Drive shall comply with applicable ANSI, NEMA, UL and NEC standards.

e. Drive shall be suitable for operation in ambient temperatures between 32 and 104°F (0 and 40°C), 95% humidity (non-condensing) for altitudes up to 3300 ft (1000 m) above sea level without derating. Specific drive performance at jobsite ambient temperature and elevation shall be provided by the manufacturer in the bid.

5. User Interface:

A single display shall provide interface for programming and display of VFD and chiller parameters. Viewable parameters include:

a. Operating, configuration and fault messages

b. Frequency in Hz

c. Load and line side voltage and current (at the VFD)

d. kW (line and load side)

e. IGBT temperatures

6. VFD Performance:

a. VFD voltage total harmonic distortion (THD) and harmonic current total demand distortion (TDD) shall not exceed 35% TDD requirements using the VFD disconnect input terminals as the point of common coupling (PCC).

b. VFD full load efficiency shall meet or exceed 97% at 100% VFD rated ampacity.

c. Input 6 pulse rectifier shall regulate unity displacement power factor to 0.95 or higher at full load.

f. Soft start, linear acceleration, coast to stop.

7. VFD Electrical Service (single point power):

a. VFD shall have input fused disconnect with minimum 100,000 amp interrupt capacity.

b. VFD shall have standard 4 kva control power transformer with fuse provides power VFD controls and chiller controls.

c. The refrigerant pump fuse, purge unit fuse and control power transformer shall be factory wired.

d. Nameplate voltage shall range between 380 and 480 ±10%, 3 phase, 50/60 Hz ±5 Hz.

8. Discrete Outputs:

115 v discrete contact outputs shall be provided for field wired:

a. Chilled water pump

b. Condenser water pump

c. Alarm status

d. Tower fan low

e. Tower fan high

9. Analog Output:

An analog (4 to 20 mA) output for head pressure reference shall be provided. This signal shall be suitable to control a 2-way or 3-way water regulating valve in the condenser piping.

10. Protection (the following shall be supplied):

a. Under-voltage

b. Over voltage

c. Over current

d. Phase loss

e. Phase reversal

f. Ground fault

g. Phase unbalance protection

h. Single cycle voltage loss protection 

i. Programmable auto re-start after loss of power

j. Motor overload protection (NEMA Class 10)

11. VFD Testing:

The compressor motor VFD shall be factory mounted, wired and tested prior to shipment by the chiller manufacturer. 

�Shall not require manual reset or cause an alarm if auto-restart after power failure is enabled.





�BACnet is a registered trademark of ASHRAE (American Society of Heating, Refrigerating, and Air-Conditioning Engineers).
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