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SECTION 237416.11 - PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS

PART 1 - GENERAL

11 RELATED DOCUMENTS

A, Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A, Section includes packaged, small-capacity, rooftop air-conditioning units {RTUs) with the following
components and accessories:

Casings.

Fans.

Motors.

Coils.

Refrigerant circuit components.
Air filtration.

Gas furnaces.

Dampers.

Electrical power connections.
Controls.

Accessories.

Roof curbs.

I
NP o

1.3 DEFINITIONS

A, BDC: Direct digital controts.

B. ECM: Electronically commutated moter.
C. MERV: Minimum efficiency reporting value.
D. Outdoor-Alr Refrigerant Colil: Refrigerant coil in the outdoor-air stream to reject heat during cooling

operations and to ahsorb heat during heating operations. "Outdoor air" is defined as the air outside the
building or taken from outdoors and not previously circulated through the system.

E. RTU: Rooftop unit. As used in this Section, this abbreviation means packaged, small-capacity, rooftop
air-conditioning units.

F. Supply-Air Fan: The fan providing supply air to conditioned space. "Supply air" is defined as the air
entering a space from air-conditicning, heating, or ventilating apparatus.

G. Supply-Air Refrigerant Coil: Refrigerant coil in the supply-air stream to ahsorb heat {(provide cooling)
during cooling operations and to reject heat (provide heating) during heating operations. "Supply air" is
defined as the air entering a space from air-conditioning, heating, or ventilating apparatus.
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1.4 ACTION SUBMITTALS
A, Product Data: For each RTU.

1. Include manufacturer's technical data. .

2. Include rated capacities, dimensions, required clearances, characteristics, and furnished
specialties and accessories.

B. Shop Drawings:

1. Include details of eguipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection,

2. Include diagrams for power, signal, and control wiring.

15 INFORMATIONAL SUBMITTALS
A, Coordination Drawings: Plans and other details, drawn to scale, on which the following items are shown
and coordinated with each other, using input from installers of the items involved:

1. Structural members to which RTUs will be attached.

2. Roof openings.

3. Roof curbs and flashing.

B. Field quality-contro! reports.
c. Sample Warranty: For special warranty.
1.6 CLOSEQUT SUBMITTALS
A, Operation and Maintenance Data: For RTUs to include in emergency, operation, and maintenance
manuals.
1.7 MAINTENANCE MATERIAL SUBMITTALS
A. Furnish extra materials that match products installed and that are packaged with protective cavering for
storage and identified with fabels describing contents.
1. Fan Belts: One set(s) for each belt-driven fan.
2. Filters: One set(s) of filters for each unit.
1.8 WARRANTY
A, Special Warranty: Manufacturer agrees to repair or replace components of RTUs that fail in materials or
workmanship within specified warranty period.

1. Warranty Period for Compressors: Manufacturer's standard, but not less than five years from
date of Substantial Completion. ’
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2. Warranty Period for Gas Furnace Heat Exchangers: Manufacturer's standard, but not less than 15
years from date of Substantial Completion.
3. Warranty Period for Solid-State Ignition Modules: Manufacturer's standard, but not less than
three years from date of Substantial Completion.
4, Warranty Period for Control Boards: Manufacturer's standard, but not less than three years from

date of Substantial Completion.

PART 2 - PRODUCTS

2.1 DESCRIPTION
A AHRI Compliance:
1. Comply with AHRI 210/240 for testing and rating energy efficiencies for RTUs,
2. Comply with AHRI 340/360 for testing and rating energy efficiencies for RTUs.
3. Comply with AHRI 270 for testing and rating sound performance for RTUs.
B. AMCA Compliance.
1. Comnply with AMCA 11 and bear the AMCA-Certified Ratings Seal for air and sound performance
according to AMICA 211 and AMCA 311.
2. Damper leakage tested according to AMCA 500-D.
3. Operating Limits: Classify according to AMCA 99.
C. ASHRAE Compliance:
1. Comply with ASHRAE 15 for refrigeration system safety.
2. Comply with ASHRAE 33 for methods of testing cooling and heating coils.
3. Comply with applicable requirements in ASHRAE 62.1, Section 5 - “Systems and Equipment” and
Section 7 - "Construction and Startup.”
D. ASHRAE/IES Compliance: Comply with applicable requirements in ASHRAE/IES 90.1, Section 6 - "Heating,
Ventilating, and Air-Conditioning.”
E. NFPA Compliance: Comply with NFPA 90A or NFPA 90B.
F. UL Compliance: Comply with UL 1995.
G. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.
2.2 MANUFACTURERS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. AAON.,
2. Addison.
3. Daikin Applied.
4, Lennox Industries, Inc.; Lennox International. (Basis of Design)
5. Trane.
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6. lohnson Controls, York.

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality
Requirements," to design mounting and restraints for RTUs, including comprehensive engineering
analysis.

1. Design RTU supports to comply with performance requirements.

CAPACITIES AND CHARACTERISTICS

1. As scheduled on the drawings.

CASINGS
General Fabrication Requirements for Casings: Formed and reinforced double-wall insulated panels,
fahricated to allow removal for access to internal parts and companents, with joints between sections

sealed.

Exterlor Casing Material: Galvanized steel with factory-painted finish, with pitched roof panels and
knockouts with grommet seals for electrical and piping connections and lifting lugs.

1. Corrosion Protection: 500 hours' sait spray test according to ASTM B 117.

Inner Casing Fabrication Requirements:

1. Inside Casing: G-80-coated galvanized steel.

Casing Insulation and Adhesive: Comply with NFPA 90A or NFPA S0B.

1. Materials: ASTM C 1071, Type .

2. Thickness: 1inch.

3. Liner materials shall have airstream surface coated with erosion- and temperature-resistant
coating or faced with a plain or coated fibrous mat ar fabric.

4, Liner Adhesiva: Comply with ASTM C 916, Type I

Plastic Condensate Drain Pans: Fabricated using rigid heavy plastic polymer, a minimum of 2 inches
deep, and complying with ASHRAE 62.1 for design and construction of drain pans.

Condensate Drain Pans: Fabricated using stainless-steel sheet 0.025 inch thick, a minimum of 2 inches
deep, and complying with ASHRAE 62.1 for design and construction of drain pans.

1. Double-Wall Construction: Fill space between walls with foam insulation and seal moisture tight.
2, Drain Connections: Threaded nipple.

Airstream Surfaces: Surfaces In contact with the airstream shall comply with requirements In
ASHRAE 62.1.
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2.5 FANS
A. Supply-Air Fans: Aluminum or painted-steel wheels, and gaivanized- or painted-steel fan scrolls.
1. Direct-Diiven Supply-Air Fans: Motor shall be resiliently mounted in the fan inlet.
B. Condenser-Coil Fan: Variable-speed propeller, mounted on shaft of permanently lubricated ECM
motors.
C. Relief-Air Fan: Forward curved, shaft mounted on permanently lubricated motor.
2.6 MOTORS
A. Comply with NEMA MG 1, Design B, medium induction motar, unless otherwise indicated.
B. Comply with IEEE 841 for severe-duty motors.
C. 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.
D, Duty: Continuous duty at ambient temperature of 104 deg F and at altitude of 3300 feet above sea level.
E. Capacity and Torgue Characteristics: Sufficient to start, accelerate, and operate connected loads at
designated speeds, at Installed altitude and environment, with indicated operating sequence, and
without exceeding nameplate ratings or considering service factor.
F. Efficiency: Energy efficient, as defined in NEMA MG 1.
G. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements.
H. Multispeed Motors: Variable torque.
1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratlo, separate winding for each speed.
1. Multispeed Motors: Separate winding for each speed.
L Rotor: Random-wound, squirrel cage.
K. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
L. Tgmperature Rise: Match insulation rating.
M. Insulation: Class F,
N. Code l.etter Designation:
1. Motors 15 HP and Larger; NEMA starting Code F or Code G.
2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic.
O. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes
smaller than 324T.
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P Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection requirements
for controller with required motor leads. Provide terminals in motor terminal box, suited to control
method.

Q. Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and features coordinated
with and approved by controller manufacturer.

1. Windings: Copper magnet wire with moisture-resistant insutation varnish, designed and tested to
resist transient spikes, high frequencies, and short-time rise pulses produced by pulse-width-
modulated inverters,

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F insulation,

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.

4, Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected motors.

5. Service Factor: 1.15.

6. Motor Bearings: Greasable.

7. Efficiency: Premium efficient.

2.7 COILS

A, Supply-Air Refrigerant Coil:

1. Aluminum-plate fin and seamless copper tube in steel casing with equalizing-type vertical
distributor.

2. Polymer strip shall prevent all copper coils frem contacting steel coil frame or condensate pan.

3. Coil Split: interlaced. )

4, Coated.

B. Hot-Gas Reheat Refrigerant Coil:

1. Aluminum-plate fin and seamless copper tube in steel casing with equalizing-type vertical
distributor.

2. Polymer strip shall prevent ali copper coils from contacting steel coil frame or condensate pan.

3. Suction-discharge bypass valve.

2.8 REFRIGERANT CIRCUIT COMPONENTS

A. Compressor: Hermetic, scroll, mounted on vibration isolators; with internal overcurrent and high-
temperature protection, internal pressure relief, and crankcase heater.

B. Refrigeration Specialties:

1. Refrigerant: R-410A. '

2. Expansion valve with replaceable thermostatic element.

3. Refrigerant filter/dryer.

4, Manual-reset high-pressure safety switch.

5. Automatic-reset low-pressure safety switch.

6. Minimum off-time refay.

7. Automatic-reset compressor motor thermal averload.

8. Brass service valves installed in compressor suction and liquid lines.

9. Low-ambient kit high-pressure sensor.

10.  Hot-gas reheat solenoid valve single stage with a replaceable magnetic coil.
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11.  Hot-gas bypass solenoid valve with a replaceable magnetic coil.
12.  Four-way reversing valve with a replaceable magnetic coil, thermostatic expansion valves with
bypass check valves, and a suction line accumulator.

259 AIR FILTRATION
A. Minimum arrestance and MERYV according to ASHRAE 52.2.
B. MERV rating: As scheduled on the drawings.
2.10 GAS FURNACE
A. Description: Factory assembled, piped, and wired; complying with ANSI Z21.47/CSA 2.3 and NFPA 54,
1. CSA Approval: Designed and certified by and bearing label of CSA..
B. Burners: Stainless steel.
1. Fuel: Natural gas.
2. Ignition: Electronically controlted electric spark or hot-surface igniter with flame sensor.
C. Heat-Exchanger and Drain Pan: Stainless steel.
D. Power Vent: Integral, motorized centrifugal fan interfocked with gas valve with vertical extension.
E. Gas Valve Train: Single-body, regulated, redundant, 24-V ac gas valve assembly containing pilot solencid
valve, pilot filter, pressure regulator, pilot shutoff, and manual shutoff.
211 DAMPERS
A. Leakage Rate: Comply with ASHRAE/IES 90.1.
B. Damper Motor: Modulating with adjustable minimum position,
2,12 ELECTRICAL POWER CONNECTIONS
A. RTU shall have a single connection of power to unit with unit-mounted disconnect switch accessible
from outside unit and control-circuit transformer with built-in overcurrent protection,
2.13 CONTROLS
A Coordinate with Section 230993 *Sequence of Operation for HYAC Controls.”
B, DDC Controller (based on factory installed Prodigy 2.0 unit controller):
1. Controller shall have volatile-memory backup.
2. Safety Control Operation:
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a. Smoke Detectors: Stop fan and close outdoor-air damper if smoke is detected. Provide
additional contacts for alarm interface to fire-alarm control panel.

b. Fire-Alarm Control Panel Interface: Provide control interface to coordinate with operating
sequence described in Section 283111 "Digital, Addressable Fire-Alarm System."

c. Low-Discharge Temperature: Stop fan and dose outdoor-air damper if supply-air
temperature is less than 40 deg F.

d. Defrost Control for Condenser Coil: Pressure differential switch to initiate defrost
sequence.

3. Scheduled Operation: Occupied and unoccupied periods shall be adjustable.
4, Unoccupied Period:
a. Heating Setback: adjustable.
h. Cooling Setback: adjustable.
c Override Operation: adjustable.
5. Supply Fan Operation:

a. Occupied Periods: Run fan continuously.

b. Unoccupied Periods: Cycle fan to maintain seiback temperature.
6. Refrigerant Circuit Operation:

a. Occupied Periods: Cycle or stage COMPressors, and operate hot-gas bypass to match
compressor output to cooling load to maintain zone temperature and humidity. Cycle
condenser fans to maintain maximum hot-gas pressure. Operate low-ambient control kit
to maintain minimum hot-gas pressure.

b. Unoccupied Periods: Cycle compressors and condenser fans for heating ta maintain
sethack temperature.

c, Switch reversing valve for heating or cooling mode on air-to-air heat pump.

7. Hot-Gas Reheat-Coll Operation:
a. Occupied Periods: Humidistat opens hot-gas valve to provide hot-gas reheat, and cycles
the compressor. :

8. Gas Furnace Operation:

a. Occupied Periods: Stage burner to maintain zone temperature.

b. Unoccupied Periods: Cycle burnet to maintain setback temperature.
9. Fixed Minimum Qutdoor-Air Damper Operation:

a. Occupied Periods: Open to 25 percent.

b. Unoccupied Periods: Close the outdoor-air damper.
10.  Economizer Outdoor-Air Damper Operation:

a. Morning warm-up cool-down and building outdoor-air flush cycles.

b. Occupied Periods: Open to 10 percent fixed minimum intake, and maximum 100 percent
of the fan capacity. Controller shall permit air-side economizer operation when outdoor
air is less than 60 deg F. Use mixed-air temperature and select between outdoor-air and
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return-air enthalpy to adjust mixing dampers. Start exhaust fan with end switch on
outdoor-air damper, During economizer cycle operation, lock out cooling.

c. Unoccupied Perlods: Close cutdoor-air damper and open returp-air damper.,

d. Outdoar-Airflow Monitor: Accuracy maximum plus or minus 5 percent within 15 and 100
percent of total outdoor air. Monitor microprocessor shall adjust for temperature, and
output shall be coordinated with system.

11.  Carbon Dioxide Sensor Operation:

a. Occupied Periods: Reset minimum outdoor-air ratio down to minimum 10 percent to
malintain maximum 1000-ppm concentration.
h. Unoccupied Periods: Close outdoor-alr damper and open return-air damper.
C. Interface Requirements for HVAC Instrumentation and Control Systerm:
1. interface relay for scheduled operation,
2. Interface relay to provide indication of fault at the central waorkstation and diaghostic code
storage.
3. Provide compatible interface for central HYAC control workstation for the following:
a. Adjusting set points.
b. Monitoring supply fan start, stop, and operation.
c. Inguiring data to include outdoor-air damper position, supply- and room-air
temperature and humidity,
d. Maonitoring occupied and unoccupied operations.
e. Monitoring constant and variable motor loads.
f. Monitoring variable-frequency drive operation.
g. Monitoring cooling load.
h. Monitoring economizer cycles.
i Monitoring air-distribution static pressure and ventilation air volume.
2.14 ACCESSORIES
Al As scheduled on the drawings.
B. Low-ambient kit using for operation down to 0 deg F.
C. Filter differential pressure switch with sensor tubing on either side of filter. Set for final filter pressure
loss.
D. Remote potentiometer to adjust minimum economizer damper position.
E. Return-air bypass damper,
F. Factory- or field-instalied, demand-controlled ventilation.
G. Safeties:
1. Condensate overflow switch.
2. Phase-loss reversal protection.
3. High and low pressure control.
4. Gas furnace airflow-proving switch.
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Coil guards of painted, galvanized-steel wire.
Door switches to disable heating or reset set point when open.
Outdoor-air intake weather hood with moisture eliminator.

Cil separator,

ROOF CURBS

Roof curbs with vibration isolators are specified in Section 230548 "Vibration Controls for HVAC.Y

PART 3 - EXECUTION

3.1 EXAMINATION
A, Examine substraies, areas, and conditions, with Installer present, for comphiance with requirements for
installation tolerances and other conditions affecting performance of RTUs.
B. Examine roughing-in for RTUs to verify actual locations of piping and duct connectlons before
equipment installation.
o Examine roofs for sultable conditions where RTUs will be installed.
D. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A. Roof Curb: Install on reof structure or concrete base, level and secure, according to NRCA's "NRCA
Roofing Manual: Membrane Roof Systems." [nstall RTUs on curbs and coordinate roof penetrations and
flashing with roof construction specified in Section 077200 "aoof Accessories.” Secure RTUs to upper
curb rail, and secure curb base to roof framing or concrete base with anchor bolts.
B. Equipment Mounting:
1. Comply with requirements for vibration isclation and selsmic-control devices specified in
Section 230548 "Vibration and Seismic Controls for HVAC."
2. Comply with requirements for vibration isclation devices specified in Section 230548 "Vibration
Controls for HVAC."
3.3 CONNECTIONS
A. comply with duct installation requirements specified in other HVAC Sections, Drawings indicate general
arrangement of ducts. The following are specific connection requirements:
1. Install ducts to termination at top of roof curb,
2. Remove roof decking anly as required for passage of ducts. Do not eut out decking under entire
roof curb.
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3. Connect supply ducts to RTUs with flexible duct connectors specified in Section 233300 "Air Duct
Accessories.”

4. Install return-air duct continuously through roof structure.

5. Instalt normal-weight, 3000-psi, compressive strength (28-day) concrete mix inside roof curb, 5
inches thick. Concrete, formwork, and reinforcement are specified with concrete.

B. Install condensate drain, minimum connection size, with trap and indirect connection to nearest roof
drain ar area drain. '
C. Where installing piping adjacent to RTUs, allow space for service and maintenance.

1. Gas Piping: Comply with applicable requirements in Section 231123 "Facility Natural-Gas Piping."
Connect gas piping to burner, full size of gas train inlet, and connect with union and shutoff valve
with sufficient clearance for burner removal and service.

34 FIELD QUALITY CONTROL
A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect
components, assemblies, and equipment installations, including connections.
B. Perform tests and inspections with the assistance of a factory-authorized service representative,
C. Tests and Inspections:

1. After installing RTUs and after electrical circuitry has been energized, test units for compliance
with requirements.

2. inspect for and remove shipping bolts, blocks, and tie-down straps.

3. Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

4, Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment,

D. RTU will be considered defective if it does not pass tests and inspections.
E. Prepare test and inspection reports.
3.5 STARTUP SERVICE
A, Engage a factory-authorized service representative to perform startup service.

1. Complete instaliation and startup checks according to manufacturer's written instructions.

2. Inspect for visible damage to unit casing.

3. Inspect for visible damage to furnace combustion chamber.

4. Inspect for visible damage to compressor, coils, and fans.

5. tnspect internal insulation.

6. Verify that labels are clearly visible.

7. Verify that clearances have been provided for servicing,

8. Verify that controls are connected and operable.

9. Verify that filters are installed.

10.  Clean condenser coif and inspect for construction debris,

11.  Clean furnace flue and inspect for construction debris.
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Connect and purge gas line.

Remove packing from vibration isolatars.

[nspect operation of all dampers.

Verify fubrication on fan and motor bearings.

Inspect fan-wheel rotation for movement in correct direction without vibration and binding.
Adjust fan belts to proper alignment and tension.

Start unit according to manufacturer's wriiten instructions.

a. Start refrigeration system.
b. Do not operate below recommended low-ambient temperature.
C. Complete startup sheets and attach copy with Contractor's startup report.

Inspect and record performance of Interlocks and protective devices; verify sequences.

Operate unit for an injtial period as recommended or required by manufacturer.

pPerform the following operations for both minimum and maximum firing. Adjust burner for peak
efficiency:

Measure gas pressure on manifold.

Inspect operation of power vents.

Measure combustion-air temperature at infet to combustion chamber.

Measure flue-gas temperature at furnace discharge.

Perform flue-gas analysis. Measure and record flue-gas carbon dioxide and oxygen
concentration.

f. Measure supply-air temperature and volume when burner is at maximum firing rate and
when burner is off. Calculate useful heat to supply air.

o oo oTe

Calibrate thermostats.

Adjust and inspect high-temperature limits.

Inspect outdoor-air dampers for proper stroke and Interfock with return-air dampers.

Start refrigeration system and measure and record the following when ambient is a minimum of
15 deg F above return-air temperature:

Coil leaving-air, dry- and wet-bulb temperatures.

Coil entering-air, dry- and wet-bulb temperatures,
Outdoor-air, dry-hutb temperature.

Outdoor-air-coll, discharge-air, dry-bulh temperature.

on oo

Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and normal
and emergency shutdown,

Measure and record the following minimum and maximum airflows. Piot fan volumes on fan
curve,

Supply-air volume.
Return-air volume.
Relief-air volume.
Outdoor-air intake volume.

aogo

Simulate maximum cocling demand and inspect the following:

a. Compressor refrigerant suction and hot-gas pressures.
b. Short circuiting of air through condenser coll or from condenser fans to outdoor-air
intake,
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29.  Verify operation of remote panel including pilot-light operation and failure modes. Inspect the
following:

High-temperature limit on gas-fired heat exchanger.
Low-temperature safety operation.

Filter high-pressure differential alarm.

Economizer to minimum outdoor-air changeaver.
Relief-air fan operation.

Smoke and firestat alarms.

mpopo T

30,  After startup and performance testing and prior to Substantial Completion, replace existing
filters with new filters.
3.6 CLEANING AND ADJUSTING
A, Occupancy Adjustments: When requested within 12 months from date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits
to Project during other-than-normal occupancy hours for this purpose.
B. After completing system installation and testing, adjusting, and balancing RTU and air-distribution
systems, clean filter housings and install new filters.
3.7 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust,

operate, and maintain RTUs,

END OF SECTION 237416.11
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