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SECTION 15733 - ROOFTOP REPLACEMENT-AIR UNITS
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes cooling[-only] [and heating] rooftop replacement-air units.

1.3 DEFINITIONS

Retain abbreviation that remains after this Section has been edited.

A. DDC:  Direct-digital controls.

1.4 SUBMITTALS

A. Product Data:  Include rated capacities, furnished specialties, and accessories.

Professional engineer qualifications required in first paragraph below are specified in Division 1 Section "Quality Requirements."

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, methods of field assembly, components, and location and size of each field connection.  Prepare the following by or under the supervision of a qualified professional engineer:

Retain one or both of first two subparagraphs below to delegate design responsibility to Contractor or to require structural data to be submitted for review as another way to verify equipment's compliance with performance requirements.  Retain first subparagraph if restrained vibration isolation roof-curb rails are retained in Part 3 "Installation" Article.

1. Design Calculations:  For selecting and designing restrained vibration isolation roof-curb rails.

Retain first subparagraph below if roof curb is supplied by rooftop replacement-air unit manufacturer.

2. Mounting Details:  For securing and flashing roof curb to roof structure.  Indicate coordinating requirements with roof membrane system.

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

C. Coordination Drawings:  Rooftop replacement-air units to roof-curb mounting details drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:

1. Size and location of rooftop replacement-air unit mounting rails and anchor points and methods for anchoring units to roof curb.

2. Required roof penetrations for ducts, pipes, and electrical raceways, including size and location of each penetration.

D. Startup service reports.

E. Operation and Maintenance Data:  For rooftop replacement-air units to include in emergency, operation, and maintenance manuals.

F. Warranty:  Special warranty specified in this Section.

G. LEED Submittals:

Retain first subparagraph below for LEED-NC Credit EA 4; coordinate with requirements selected in Part 2 for refrigerants.

1. Product Data for Credit EA 4:  Documentation required by Credit EA 4 indicating that equipment and refrigerants comply.

2. Product Data for Prerequisite EQ 1:  Documentation indicating that units comply with ASHRAE 62.1-2004, Section 5 - "Systems and Equipment."

1.5 QUALITY ASSURANCE

Retain first paragraph below to allow drawing details based on one manufacturer's product to establish requirements and still allow competition.  Coordinate with Division 1 requirements.

A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of rooftop replacement-air units and are based on the specific system indicated.  Refer to Division 1 Section "Product Requirements."

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

LEED-NC Prerequisite EQ 1 requires compliance with requirements in ASHRAE 62.1-2004, including requirements for controls, surfaces in contact with the airstream, particulate and gaseous filtration, humidification and dehumidification, drain pan construction and connection, finned-tube coil selection and cleaning, and equipment access.  Verify, with manufacturers, availability of units with components and features that comply with these requirements.

C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."

LEED-NC Prerequisite EA 2 requires minimum efficiency equal to requirements in ASHRAE/IESNA 90.1-2004.

D. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6 - "Heating, Ventilating, and Air-Conditioning."

1.6 COORDINATION

Retain one of two paragraphs below.

A. Coordinate size, installation, and structural capacity of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 7 Section "Roof Accessories."

B. Coordinate size, location, and installation of rooftop replacement-air unit manufacturer's roof curbs and equipment supports with roof Installer.

Retain subparagraph below, where units are required to withstand seismic forces, with either paragraph above.

1. Coordinate installation of restrained vibration isolation roof-curb rails, which are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

1.7 WARRANTY

When warranties are required, verify with Owner's counsel that special warranties stated in this Article are not less than remedies available to Owner under prevailing local laws.  Coordinate with Division 1 Section "Product Requirements."

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to replace components listed below that fail in materials or workmanship within specified warranty period.

Verify available warranties for units and components and insert number below.  Warranty periods vary among manufacturers and unit sizes.

Retain subparagraph below for units with refrigeration system.

1. Warranty Period for Compressors:  Manufacturer's standard, but not less than [five] <Insert number> years from date of Substantial Completion.

Retain subparagraph below for units with fuel-fired furnaces.

2. Warranty Period for Heat Exchangers:  Manufacturer's standard, but not less than [five] [10] <Insert number> years from date of Substantial Completion.

1.8 EXTRA MATERIALS

Extra materials may not be allowed for publicly funded projects.

A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

1. Fan Belts:  [One set] [<Insert number> sets] for each belt-driven fan.

2. Filters:  [One set] [<Insert number> sets] for each unit.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

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:

Retain above for nonproprietary or below for semiproprietary specification.  Refer to Division 1 Section "Product Requirements."

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. AAON, Inc.

2. Addison Products Company.

3. Des Champs Laboratories, Incorporated.

4. LCSystems.

5. Reznor-Thomas & Betts Corporation; Mechanical Products Division.

6. <Insert manufacturer's name.>

2.2 CABINET

A. Construction:  [Single] [Double] wall.

B. Exterior Casing:  [Galvanized steel with baked-enamel paint finish and] [Stainless steel] with lifting lugs and knockouts for electrical and piping connections.

Retain first paragraph below for double-wall casings.

C. Interior Casing:  [Galvanized] [Stainless] steel.

D. Base Rails:  [Galvanized] [Stainless]-steel rails for mounting on roof curb.

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004.  ASHRAE 62.1-2004, Section 5.14 - "Access for Inspection, Cleaning, and Maintenance," sets requirements for equipment access.  If applying for LEED certification, comply with requirements in ASHRAE 62.1-2004.

E. Service Doors:  Hinged access doors with neoprene gaskets.

F. Internal Insulation:  Fibrous-glass duct lining complying with ASTM C 1071, Type II.

1. Thickness:  [1 inch (25 mm)] [2 inches (50 mm)].

2. Insulation Adhesive:  Comply with ASTM C 916, Type I.

3. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, mechanical attachment, or welding attachment to casing without damaging liner and without causing air leakage when applied as recommended by manufacturer.

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004.

G. Condensate Drain Pans:  Formed sections of [galvanized] [stainless]-steel sheet designed for self-drainage.  Fabricate pans and drain connection to comply with ASHRAE 62.1-2004.

Retain paragraph below if roof curb is furnished by unit manufacturer; delete if unit is installed on restrained vibration isolation roof-curb rails specified in Division 15 Section "Mechanical Vibration and Seismic Controls." or if unit is installed on field-fabricated roof curbs or pilings specified in Division 7 Section "Roof Accessories."

H. Roof Curb:  Full-perimeter curb of sheet metal, minimum [8 inches (200 mm)] [12 inches (300 mm)] [16 inches (400 mm)] <Insert number> high, with wood nailer, neoprene sealing strip, and welded Z-bar flashing.

Retain paragraph below to comply with LEED-NC Prerequisite EQ 1.

I. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1-2004.

2.3 SUPPLY-AIR FAN

Some manufacturers coat fan assemblies with a proprietary coating system to prevent corrosion.

A. Fan: Forward-curved centrifugal; statically and dynamically balanced, [galvanized] [coated] steel, mounted on solid-steel shaft with [self-aligning, permanently lubricated ball bearings] [pillow-block bearings rated L50 for 200,000 hours and having external grease fittings].

Retain "two" option in first paragraph below for units required to operate when exhaust hoods are not operating.  Coordinate with "Controls" Article.

B. Motor:  [Open dripproof] [Totally enclosed], [single] [two]-speed motor.

C. Drive:  V-belt drive with matching fan pulley and adjustable motor sheaves and belt assembly with minimum 1.4 service factor.

Retain "restrained" option in paragraph below for units installed in seismic areas and select between elastomeric and spring isolators.

D. Mounting:  Fan wheel, motor, and drives shall be mounted in fan casing with [restrained,] [elastomeric] [spring] isolators.

2.4 REFRIGERATION SYSTEM

Delete this Article for units with hydronic cooling coils.

A. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Code for Mechanical Refrigeration."

Verify availability of crankcase heater in first paragraph below with manufacturers.

B. Compressors:  [Reciprocating] [Scroll] [Reciprocating or scroll] compressors with integral vibration isolators, internal overcurrent and overtemperature protection, internal pressure relief[, and crankcase heater].

C. Minimum Efficiency:  As defined by ASHRAE/IESNA 90.1-2004, "Energy Efficient Design of New Buildings except Low-Rise Residential Buildings."

Retain one of first two paragraphs below to require a specific refrigerant type; delete both if any refrigerant type is acceptable.  LEED-NC Credit EA 4 awards a single point if all HVAC&R equipment meets requirements for enhanced refrigerant management.  Retain second or third option in first paragraph or retain second paragraph to comply with Credit EA 4.

D. Refrigerant:  [R-22] [R-407C] [R-410A] <Insert other available type>.

E. Refrigerant:  R-407C or R-410A.

F. Refrigeration System Specialties:

Verify availability of specialties with manufacturer.

1. Expansion valve with replaceable thermostatic element.

2. Refrigerant dryer.

3. High-pressure switch.

4. Low-pressure switch.

5. Thermostat for coil freeze-up protection during low ambient temperature operation or loss of air.

6. Brass service valves installed in discharge and liquid lines.

7. Operating charge of refrigerant.

Retain one of first four paragraphs below for refrigeration capacity control.  Verify availability with manufacturers.  Control method in first paragraph can be provided by all manufacturers.

LEED-NC Prerequisite EA 2 requires compliance with ASHRAE/IESNA 90.1-2004.  ASHRAE/IESNA 90.1-2004, Section 6.5.9 - "Hot Gas Bypass Limitation," sets requirements for hot-gas bypass.  If applying for LEED certification, comply with requirements in ASHRAE/IESNA 90.1-2004.

G. Capacity Control:  Hot-gas bypass refrigerant control for capacity control with continuous dehumidification on a single compressor.

Control method in paragraph below is proprietary to LCSystems.

H. Capacity Control:  Patented, Rawal APR control with zero to 100 percent modulating capacity control using hot-gas bypass.  Evaporator coil shall be continuously active for dehumidification.

Control method in paragraph below is proprietary to Reznor.

I. Capacity Control:  Single compressor with evaporator and condenser coil within the refrigerant section to provide initial precooling and reheat for humidity control.

Control method in first paragraph below is available from Addison and Des Champs.

J. Capacity Control:  Heat-pipe heat exchanger shall wrap around the evaporator coil to precool the air entering the evaporator coil, and reheat the air leaving the evaporator coil to control humidity.

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004.  ASHRAE 62.1-2004, Section 5.12 - "Finned-Tube Coils and Heat Exchangers," sets requirements for coils.  If applying for LEED certification, comply with requirements in ASHRAE 62.1-2004.

K. Refrigerant Coils:  [Evaporator and condenser] [Evaporator, condenser, and reheat condenser] coils shall be designed, tested, fabricated, and rated according to ARI 410 and ASHRAE 33.  Coils shall be leak tested under water with air at 315 psig (2170 kPa).

1. Capacity Reduction:  Circuit coils for [face] [row] [interleaved] control.

2. Tubes:  Copper.

Delete fin spacing in first subparagraph below if in schedule.

3. Fins:  [Aluminum] [Copper] [with minimum fin spacing of 0.071 inch (1.81 mm)].

4. Fin and Tube Joint:  Mechanical bond.

5. Suction and Distributor:  Seamless copper tube with brazed joints.

Retain first subparagraph below for projects having corrosive environmental conditions.

6. Coating:  Phenolic epoxy corrosion-protection coating on both coils.

7. Source Quality Control:  Test to 450 psig (3105 kPa), and to 300 psig (2070 kPa) underwater.

L. Condenser Fan:  Propeller type, directly driven by motor.

M. Safety Controls:

1. Compressor motor and outside-coil fan motor low ambient lockout.

2. Overcurrent protection for compressor motor and outside-coil fan motors.

2.5 DIRECT-FIRED GAS FURNACE

This Article is the first of four articles describing options for unit heating section.  Retain only one or delete all if units are cooling only.

Direct-fired gas furnaces are not available from Reznor.

A. Description:  Factory assembled, piped, and wired; complying with NFPA 54, "National Fuel Gas Code"; ANSI Z83.4, "Non-Recirculating Direct Gas-Fired Industrial Air Heaters"; and ANSI Z83.18, "Direct Gas-Fired Industrial Air Heaters," for direct-fired gas furnace.

B. Burners:  Cast-iron burner with stainless-steel mixing plates.

1. Rated for a maximum turndown ratio of 30:1.

2. Fuel:  [Natural] [Propane] gas.

C. Safety Controls:

Retain FMG or IRI option in first subparagraph below if required by Owner's insurance underwriter.

1. Gas manifold safety switches and controls shall comply with ANSI standards [and FMG] [and IRI].

2. Pilot:  Intermittent spark igniter.

3. Purge-period timer shall automatically delay burner ignition and bypass low-limit control.

Retain first subparagraph below if gas pressure exceeds 0.5 psig (3.4 kPa).

4. External gas-pressure regulator shall regulate pressure to not more than 0.5 psig (3.4 kPa).

5. Airflow Proving Switch:  Dual pressure switch senses correct airflow before energizing pilot and requires airflow to be maintained within minimum and maximum pressure settings across burner.

6. Manual-Reset, High-Limit Switch:  Stops burner and closes main gas valve if high-limit temperature is exceeded.

7. Gas Train:  Redundant, main gas valves, electric pilot valve, main and pilot gas-pressure regulators, main and pilot manual shutoff valves, main and pilot pressure taps, [and high-low gas-pressure switches] [to comply with FMG requirements] [to comply with IRI requirements].

2.6 INDIRECT-FIRED GAS FURNACE

This Article is the second of four articles describing options for unit heating section.  Retain only one or delete all if units are cooling only.

A. Description:  Factory assembled, piped, and wired; complying with NFPA 54, "National Fuel Gas Code," and ANSI Z21.47, "Gas-Fired Central Furnaces."

1. AGA Approval:  Designed and certified by and bearing label of AGA.

B. Burners:  [Aluminized steel with stainless-steel inserts] [Stainless steel].

Retain one of first three subparagraphs below.  LEED-NC Prerequisite EA 2 requires minimum efficiency equal to requirements in ASHRAE/IESNA 90.1-2004, Table 6.8.1E, "Warm Air Furnaces and Combination Warm Air Furnaces/Air-Conditioning Units, Warm Air Duct Furnaces and Unit Heaters."

1. Minimum AFUE:  <Insert value> percent.

2. Minimum Thermal Efficiency:  <Insert value> percent.

3. Minimum Combustion Efficiency:  <Insert value> percent.

4. Fuel:  [Natural] [Propane] gas.

5. Ignition:  Electronically controlled electric spark with flame sensor.

Verify availability of high-altitude feature with manufacturers.

6. High-Altitude [Model] [Kit]:  For Project elevations more than 2000 feet (610 m) above sea level.

C. Heat-Exchanger Drain Pan:  Stainless steel.

Retain one of first two paragraphs below.

D. Venting:  Gravity vented.

E. Power Vent:  Integral, motorized centrifugal fan interlocked with gas valve.

F. Safety Controls:

1. Gas Control Valve:  [Single stage] [Two stage] [Electronic modulating].

2. Gas Train:  Single-body, regulated, redundant, 24-V ac gas valve assembly containing pilot solenoid valve, pilot filter, pressure regulator, pilot shutoff, and manual shutoff.

2.7 ELECTRIC-RESISTANCE HEATING

This Article is the third of four articles describing options for unit heating section.  Retain only one or delete all if units are cooling only.

Retain one of two paragraphs and associated subparagraphs below for electric heating elements.  Verify availability of electric-resistance heating with manufacturers.

A. Electric-Resistance Heating Elements:  Coiled resistance wire of 80 percent nickel and 20 percent chromium; surrounded by compacted magnesium oxide powder in tubular-steel sheath; with spiral-wound, copper-plated, steel fins continuously brazed to sheath.

B. Electric-Resistance Heating Elements:  Open-coil resistance wire of 80 percent nickel and 20 percent chromium; supported and insulated by floating ceramic bushings recessed into casing openings, fastened to supporting brackets, and mounted in galvanized-steel frame.

1. Heating Capacity:  Low density 35 W per sq. in. (54 kW per sq. m), factory wired for single-point wiring connection; with time delay for element staging, and overcurrent and overheat protective devices.

2. Safety Controls:

a. Blower-motor interlock, air-pressure switch.

b. Quiet mercury contactors.

c. Time delay between steps.

d. Integral, nonfused power disconnect switch.

2.8 HEATING COILS

This Article is the fourth of four articles describing options for unit heating section.  Retain only one or delete all if units are cooling only.

Hot-water coils are components offered only by LCSystems.

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004.  ASHRAE 62.1-2004, Section 5.12 - "Finned-Tube Coils and Heat Exchangers," sets requirements for coils.  If applying for LEED certification, comply with requirements in ASHRAE 62.1-2004.

A. Hot-Water Coils:  [Continuous-circuit] [Self-draining] [Cleanable] coil fabricated and tested according to ARI 410 with aluminum fins and seamless copper tube in [galvanized] [stainless]-steel casing.

Retain subparagraph below for continuous-circuit and self-draining coils; delete for cleanable coils.

1. Headers:  [Cast iron with drain and air vent tappings] [Cast iron with cleaning plugs, and drain and air vent tappings] [Seamless copper tube with brazed joints, prime coated] [Fabricated steel with brazed joints, prime coated].

Manufacturers do not provide control valves.  Coordinate requirements for control valves with "Controls" Article and with Division 15 Section "HVAC Instrumentation and Controls."

2. Control valves are specified in Division 15 Section "HVAC Instrumentation and Controls."

Steam coils are components offered only by LCSystems.

B. Steam Coils:  Distributing coil fabricated and tested according to ARI 410, with threaded steam supply and condensate connections.  Nonfreeze type having aluminum-plate fin and seamless copper double tube in galvanized-steel casing, pitched for proper drainage; tested to 150 psig (1035 kPa) and leak tested to 100 psig (690 kPa) with air under water.

Manufacturers do not provide control valves.  Coordinate requirements for control valves with "Controls" Article and with Division 15 Section "HVAC Instrumentation and Controls."

1. Control valves are specified in Division 15 Section "HVAC Instrumentation and Controls."

2.9 COOLING COILS

This Article is one of two articles describing options for cooling.  Retain this Article for hydronic cooling; delete if retaining "Refrigeration System" Article.

Chilled-water coils are components offered only by LCSystems.

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004.  ASHRAE 62.1-2004, Section 5.12 - "Finned-Tube Coils and Heat Exchangers," sets requirements for coils.  If applying for LEED certification, comply with requirements in ASHRAE 62.1-2004.

A. Chilled-Water Coils:  [Continuous-circuit] [Self-draining] [Cleanable] coil fabricated and tested according to ARI 410 with aluminum fins and seamless copper tube in [galvanized] [stainless]-steel casing.

Retain subparagraph below for continuous-circuit and self-draining coils; delete for cleanable coils.

1. Headers:  [Cast iron with drain and air vent tappings] [Cast iron with cleaning plugs, and drain and air vent tappings] [Seamless copper tube with brazed joints, prime coated] [Fabricated steel with brazed joints, prime coated].

Manufacturers do not provide control valves.  Coordinate requirements for control valves with "Controls" Article and with Division 15 Section "HVAC Instrumentation and Controls."

2. Control valves are specified in Division 15 Section "HVAC Instrumentation and Controls."

2.10 OUTDOOR-AIR INTAKE AND DAMPERS

A. Dampers:  Leakage rate, according to AMCA 500, shall not exceed 2 percent of air quantity at face velocity of 2000 fpm (10 m/s) through damper and pressure differential of 4-inch wg (1000 Pa).

B. Damper Operators:  Electric.

Mixing box in first paragraph below is standard quality.

C. Mixing Boxes:  Parallel-blade, galvanized-steel dampers mechanically fastened to steel operating rod inside cabinet.  Connect operating rods with common interconnecting linkages so dampers operate simultaneously.

D. Outdoor-Air Intake Hoods:  [Galvanized] [Stainless] steel, with bird screen complying with ASHRAE 62.1-2004 and finish to match cabinet.

2.11 FILTERS

LEED-NC Prerequisite EQ 1 requires compliance with ASHRAE 62.1-2004, which requires a MERV rating of 6 or higher.

A. Comply with NFPA 90A.

B. Cleanable Filters:  2-inch- (50-mm-) thick, cleanable metal mesh.

Retain paragraph above or below.

C. Disposable Panel Filters: 2-inch- (50-mm-) thick, factory-fabricated, flat-panel-type, disposable air filters with holding frames[, with a minimum efficiency report value of 6 according to ASHRAE 52.2 and 90 percent average arrestance according to ASHRAE 52.1].

Retain subparagraphs below with either of last two paragraphs above.

1. Media:  Interlaced glass fibers sprayed with nonflammable adhesive.

2. Frame:  Galvanized steel.

2.12 CONTROLS

A. Control equipment and sequence of operation are specified in Division 15 Section "HVAC Instrumentation and Controls."

Retain paragraph above and delete remainder of this Article if controls are part of overall temperature control system.  If hydronic or steam coils are used, rooftop replacement-air unit manufacturers do not provide controls for these coils.

B. Factory-wire connection for controls' power supply.

C. Control devices, including sensors, transmitters, relays, switches, thermostats, humidistats, detectors, operators, actuators, and valves, shall be manufacturer's standard items to accomplish indicated control functions.

D. Unit Controls:  Solid-state control board and components with field-adjustable control parameters.

E. Supply-Fan Control:  Units shall be electrically interlocked with corresponding exhaust fans, to operate continuously when exhaust fans are running.  Time clock shall switch operation from occupied to unoccupied.  Night setback thermostat shall cycle fan during unoccupied periods to maintain space temperature.

1. Timer:  Seven-day electronic clock.

Requirements for interlock in subparagraph below may vary among authorities having jurisdiction.

2. Electrically interlock kitchen hood fire-extinguishing system to de-energize replacement-air unit when fire-extinguishing system discharges.

F. [Remote] [Unit]-Mounted Status Panel:

1. Cooling/Off/Heating Controls:  Control operational mode.

2. Damper Position:  Indicates position of outdoor-air dampers in terms of percentage of outdoor air.

3. Status Lights:

a. Filter dirty.

b. Fan operating.

c. Cooling operating.

d. Heating operating.

Retain first paragraph and subparagraphs below if retaining "Refrigeration System" Article.

G. Refrigeration System Controls:

1. Unit-mounted enthalpy controller shall lock out refrigerant system when outdoor-air enthalpy is less than [28 Btu/lb (65 kJ/kg)] <Insert value> of dry air or outdoor-air temperature is less than 60 deg F (15 deg C).

Two subparagraphs below are proprietary to Reznor.

2. Outdoor-air sensor de-energizes dehumidifier operation when outdoor-air temperature is less than 60 deg F (15 deg C).

3. Wall-mounting, relative-humidity sensor energizes dehumidifier operation when relative humidity is more than 60 percent.

H. Heating Controls:

1. [Factory-mounted sensor in supply-fan outlet] [Remote-mounting sensor for field installation in supply-air duct] with sensor adjustment located in control panel modulates gas furnace burner to maintain space temperature.

Retain subparagraph above for discharge sensing or first subparagraph below for remote sensing.

2. Wall-mounting, space-temperature sensor with [temperature adjustment] [unit-mounted temperature adjustment] [adjustment on remote-control panel] that modulates gas furnace burner to maintain space temperature.

3. Remote Setback Thermostat:  Adjustable room thermostat selected by timer, set at [50 deg F (10 deg C)] <Insert temperature>; cycles supply fan and gas furnace burner to maintain space temperature.

Retain one of two subparagraphs below.  Retain first if specifying indirect-fired furnaces; retain second if specifying direct-fired furnaces.

4. Staged Burner Control:  [Two] [Four] steps of control.

5. Electromechanical or Electronic Burner Control:  20 to 100 percent modulation of the firing rate.  10 to 100 percent with dual furnace units.

Retain first paragraph below if retaining "Electric-Resistance Heating" Article.

I. Electric-Resistance Heating Controls:  Wall-mounting thermostat [controls SCR] [sequences stages].

J. Damper Controls:

Retain subparagraph below if replacement-air unit will operate to maintain minimum building pressure by introducing variable quantities of outdoor air.

1. Wall-mounting pressure sensor modulates outdoor- and return-air dampers to maintain a positive pressure in space served by rooftop replacement-air unit at minimum [0.05-inch wg (12.4 Pa)] <Insert value>.

Retain subparagraph below if replacement-air unit will operate when exhaust fans are not operating.  Consider setting minimum outdoor-air ratio if specifying a direct-fired furnace.

2. When exhaust fans stop, set outdoor- and return-air damper to [75] [50] [25] <Insert number> percent outdoor air.  When exhaust fans start, close return-air damper and fully open outdoor-air damper.

Revise first paragraph below according to requirements of authorities having jurisdiction.

K. Integral Smoke Alarm:  Smoke detector installed in [supply] [and] [return] air.

L. DDC Temperature Control:  Stand-alone control module for link between unit controls and DDC temperature-control system.  Control module shall be compatible with temperature-control system specified in Division 15 Section "HVAC Instrumentation and Controls." Links shall include the following:

1. Start/stop interface relay, and relay to notify DDC temperature-control system alarm condition.

2. Hardware interface or additional sensors for the following:

a. Room temperature.

b. Discharge air temperature.

c. Refrigeration system operating.

d. Furnace operating.

2.13 MOTORS

Motor characteristics such as NEMA designation, temperature rating, service factor, enclosure type, and efficiency are specified in Division 15 Section "Motors." Add other characteristics to this Article if required to suit Project.

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

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting installation of rooftop replacement-air units.

B. Examine roughing-in for piping, ducts, and electrical systems to verify actual locations of connections before equipment installation.

C. Examine roof curbs and equipment supports for suitable conditions where rooftop replacement-air units will be installed.

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

3.2 INSTALLATION

Retain one of first two paragraphs below unless unit is installed on field-fabricated roof curbs or pilings specified in Division 7 Section "Roof Accessories." Retain first paragraph if roof curbs are furnished by unit manufacturer.

A. Install roof curb on roof structure, according to [NRCA's "Low-Slope Membrane Roofing Construction Details Manual," Illustration "Raised Curb Detail for Rooftop Air Handling Units and Ducts."] [ARI Guideline B.] Install and secure rooftop replacement-air units on curbs and coordinate roof penetrations and flashing with roof construction.

Retain paragraph below for projects located in seismic areas.

B. Install restrained vibration isolation roof-curb rails on roof structure according to [NRCA's "Low-Slope Membrane Roofing Construction Details Manual," Illustration "Raised Curb Detail for Rooftop Air Handling Units and Ducts."] [ARI Guideline B.] Install and secure rooftop replacement-air units on rails and coordinate roof penetrations and flashing with roof construction.  Restrained isolation roof-curb rails are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

Retain paragraph below if wall- and duct-mounting sensors, thermostats, and humidistats are furnished by unit manufacturer for field installation.

C. Install wall- and duct-mounting sensors, thermostats, and humidistats furnished by manufacturers for field installation.  Install control wiring and make final connections to control devices and unit control panel.

Retain paragraph below for added sound and vibration isolation.  Coordinate with structural engineer.

D. Install 3000-psi (20.7-MPa), compressive strength (28-day) concrete base inside roof curb, [4 inches (100 mm)] <Insert thickness> thick.  Concrete and reinforcement are specified in Division 3.

3.3 CONNECTIONS

Coordinate installations and specialty arrangements with schematics on Drawings and with requirements specified in piping systems.  If Drawings are explicit enough, these requirements may be reduced or omitted.

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

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

Retain subparagraph below for units with gas-fired heating.  Retain option if pressure regulator is required and not provided by manufacturer.

1. Gas Burner Connections:  Comply with requirements in Division 15 Section "Fuel Gas Piping." Connect gas piping to burner, full size of gas train inlet, and connect with union[, pressure regulator,] and shutoff valve with sufficient clearance for burner removal and service.

Retain subparagraph below for units with hot- or chilled-water coils.

2. Water Coil Connections:  Comply with requirements in Division 15 Section "Hydronic Piping." Connect to supply and return coil with shutoff-duty valve and union or flange on the supply connection and with throttling-duty valve and union or flange on the return connection.

Retain subparagraph below for units with steam coils.

3. Steam Coil Connections:  Comply with requirements in Division 15 Section "Steam and Condensate Piping." Connect to steam piping with shutoff valve and union or flange; for condensate piping, starting from the coil connection, connect with union or flange, strainer, trap, and shutoff valve.

Coordinate duct installation requirements with schematics on Drawings and with requirements specified for duct systems.  If Drawings are explicit enough, these requirements may be reduced or omitted.

C. Duct Connections:  Duct installation requirements are specified in Division 15 Section "Metal Ducts." Drawings indicate the general arrangement of ducts.  Connect supply[ and return] ducts to rooftop replacement-air units with flexible duct connectors.  Flexible duct connectors are specified in Division 15 Section "Duct Accessories."

D. Electrical Connections:  Comply with requirements in Division 16 Sections for power wiring, switches, and motor controls.

E. Ground equipment according to Division 16 Section "Grounding and Bonding."

3.4 STARTUP SERVICE

Retain first paragraph below to require a factory-authorized service representative for startup services.

A. Engage a factory-authorized service representative to perform startup service.

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

Retain subparagraph below for gas heating option.

1. Inspect for visible damage to furnace combustion chamber.

Retain first subparagraph below with Part 2 "Refrigeration System" Article.

2. Inspect for visible damage to compressor, air-cooled outside coil, and fans.

3. Inspect casing insulation for integrity, moisture content, and adhesion.

4. Verify that clearances have been provided for servicing.

5. Verify that controls are connected and operable.

6. Verify that filters are installed.

Retain subparagraph below with Part 2 "Refrigeration System" Article.

7. Clean outside coil and inspect for construction debris.

Retain three subparagraphs below for gas heating option.

8. Clean furnace flue and inspect for construction debris.

9. Inspect operation of power vents.

10. Purge gas line.

Retain first subparagraph below if restrained vibration isolation roof-curb rails are retained.

11. Inspect and adjust vibration isolators and seismic restraints.

12. Verify bearing lubrication.

13. Inspect fan-wheel rotation for movement in correct direction without vibration and binding.

14. Adjust fan belts to proper alignment and tension.

15. Start unit.

Retain first subparagraph below with Part 2 "Refrigeration System" Article.

16. Start refrigeration system when outdoor-air temperature is within normal operating limits.

17. Inspect and record performance of interlocks and protective devices including response to smoke detectors by fan controls and fire alarm.

18. Operate unit for run-in period.

Retain first subparagraph and associated subparagraphs below for gas-fired units.

19. Perform the following operations for both minimum and maximum firing and adjust burner for peak efficiency:

a. Measure gas pressure at manifold.

b. Measure combustion-air temperature at inlet to combustion chamber.

c. Measure flue-gas temperature at furnace discharge.

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

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

20. Calibrate thermostats.

21. Adjust and inspect high-temperature limits.

Retain option in subparagraph below for units that will operate during periods when exhaust hoods are not operating.

22. Inspect outdoor-air dampers for proper stroke[ and interlock with return-air dampers].

Retain first subparagraph and associated subparagraphs below for units with refrigeration.

23. Start refrigeration system and measure and record the following:

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

b. Coil entering-air, dry- and wet-bulb temperatures.

c. Outdoor-air, dry-bulb temperature.

d. Outdoor-air-coil, discharge-air, dry-bulb temperature.

24. Verify operational sequence of controls.

25. Measure and record the following airflows.  Plot fan volumes on fan curve.

a. Supply-air volume.

Retain two subparagraphs below for units that will operate during periods when exhaust hoods are not operating.

b. Return-air volume.

c. Outdoor-air intake volume.

Retain subparagraph and associated subparagraphs below for units with refrigeration only.

26. Simulate maximum cooling demand and inspect the following:

a. Compressor refrigerant suction and hot-gas pressures.

b. Short circuiting of air through outside coil or from outside coil to outdoor-air intake.

Retain subparagraph and associated subparagraphs below for gas heating option.

27. Verify operation of remote panel including pilot-light operation and failure modes.  Inspect the following:

a. High-limit heat exchanger.

b. Alarms.

C. After startup and performance testing, change filters, verify bearing lubrication, and adjust belt tension.

D. Remove and replace components that do not pass tests and inspections and retest as specified above.

E. Prepare written report of the results of startup services.

3.5 ADJUSTING

A. Adjust initial temperature and humidity set points.

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

C. 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 Project outside normal occupancy hours for this purpose.

3.6 DEMONSTRATION

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