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SECTION 15720 – CENTRAL STATION AIR-HANDLING 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 [constant volume] [and] [variable volume] air handling units 11,800 L/s (25,000 cfm) and smaller with coils for indoor installations.

B. Related Sections include the following:

List below only products, construction, and equipment that the reader might expect to find in this Section but are specified elsewhere.  List below Division 15 and 16 sections the referenced is other paragraphs herein. 

1. Division 15 Section “Dedicated Ventilation Units” for units dedicated for outdoor air supply.

2. Division 15 Section "Humidifiers" for humidifiers.

3. Division 15 Sections "Building Automation System" and “Temperature Controls” for control devices including and air monitoring devices and thermostats.

4. Division 16 Section "Variable Frequency Controllers" for variable frequency controllers provided by the air-handling unit manufacturer.

1.3 SUBMITTALS

A. Product Data:  For each type of indoor air handling unit indicated.  Include the following:

1. Certified fan performance curves with system operating conditions indicated.

2. Certified fan sound power ratings.

3. Certified coil performance ratings with system operating conditions indicated.

4. Motor ratings, electrical characteristics, and motor and fan accessories.

5. Material gages and finishes.

Retain subparagraphs below if items are furnished as parts of indoor air handling units.

6. Filters with performance characteristics.

7. Dampers, including housings, linkages, and operators.

8. Sound attenuators

9. Ultraviolet lights

10. Provide factory certified performance ratings indicating conformance with the operating efficiencies and related characteristics indicated in Code of Federal Regulations 10 CFR 434 and ASHRAE/IESNA Standard 90.1, Section 6 Heating, Ventilating, and Air Conditioning, including Tables 6.2.1A, 6.2.1G, Table 6.2.4.2A, 6.2.4.2B, 6.2.4.3A, 6.2.4.3B, Section 8 Power, Section 10, including Table 10.2, and Section 11, Energy Cost Budget Method.

Retain paragraph below if products are required to withstand specific design loads and Architect has either delegated design responsibility to Contractor or wants to review structural data as another way to verify product's compliance with performance requirements.  Professional engineer qualifications are specified in Division 1 Section, "Quality Requirements."

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.

1. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment.  Include auxiliary motor slides and rails, and base weights.

Retain subparagraph below if equipment includes wiring.

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

Retain paragraph below if Project involves unusual coordination requirements.

C. Coordination Drawings:  Submit with Shop Drawings.  Show mechanical-room layout and relationships between components and adjacent structural and mechanical elements.  Show support locations, type of support, and weight on each support.  Indicate and certify field measurements.

Retain paragraph below if required by seismic criteria applicable to Project.  Coordinate with Division 15 Section, "Mechanical Vibration and Seismic Controls" and with seismic-related requirements in Part 3 of this Section.

D. Manufacturer Seismic Qualification Certification:  Submit certification that indoor air-handling units, accessories, and components will withstand seismic forces defined in Division 15 Section "Mechanical Vibration and Seismic Controls." Include the following:

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

The following paragraph defines the term "withstand" as it applies to this Project.  Definition varies with type of building and occupancy and is critical to valid certification.  The option is used for essential facilities where equipment must operate immediately after an earthquake.

a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified[ and the unit will be fully operational after the seismic event]."

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

Delete below if manufacturer is not required in Part 3 "Field Quality Control" article, to provide or perform field quality control testing.

E. Field Quality Control Test Reports:  From manufacturer.

F. Operations and maintenance manuals.

1.4 QUALITY ASSURANCE

A. Source Limitations:  Obtain indoor air-handling units through one source from a single manufacturer.

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

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

C. 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.

D. NFPA Compliance:  Indoor air-handling units and components shall be designed, fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."

Units from manufacturers that do not participate in ARI's certification program might meet the requirements in this Section; delete paragraph below if not required.

E. ARI Certification:  Indoor air-handling units and their components shall be factory tested according to ARI 430, "Central Station Air-Handling Units," and shall be listed and labeled by ARI.  Coils factory tested to ARI 410.  Fans tested to ARI 210.
F. Compliance with AMCA Standard 210 for fans.

G. Comply with SMACNA, “HVAC Duct Construction Standards – Metal and Flexible”.

H. Comply with NFPA 70.

I. Comply with 90A

J. Comply with SMACNA, “HVAC Duct Construction Standards.”

K. Compliance: UL Standards
L. Filters: Minimum arrestance according to ASHRAE Standard 52.1 and a minimum efficiency reporting value (MERV) according to ASHRAE 52.2.
1.5 COORDINATION

A. Coordinate size and location of concrete bases.  Cast anchor bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in [Division 3] [Division 15].
B. Coordinate installation of wall and floor penetrations.

C. Coordinate size and location of structural steel support members.

D. Coordinate installation of equipment supports and roof penetrations. 

1.6 EXTRA MATERIALS

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.

Revise subparagraphs below to suit Project.

1. Filters:  [One] <Insert number> set[s] for each air-handling unit.

2. Fan Belts:  [One] <Insert number> set[s] for each air-handling unit fan.

3. Gaskets:  [One] <Insert number> set[s] for each access door.

4. UV Lamps: [One] <Insert number> set[s] for each air-handling unit. 

5. Fuses: [One] <Insert number> set[s] for each air-handling unit. 

Retain the following for constant speed fans.

6. Sheave:  Furnish and install one fixed pitch diameter sheave for each air-handling unit after Testing Adjusting and Balancing determines final dimensions.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

1. Airtherm Manufacturing Company.

2. Buffalo Air Handling.

3. Carrier; Div. of United Technologies Corp.

4. CES Group Inc.; Governair, Mammoth, Temtrol, Venmar Ventrol, Webco Divisions.

5. Coil Company (The).

6. Dunham-Bush, Inc.

7. Engineered Air.

8. McQuay International.

9. Trane Company (The); Worldwide Applied Systems Group.

10. USA Coil & Air Inc.

11. York International Corporation.

12. <Insert manufacturer's name.>

2.2 MANUFACTURED UNITS

A. Indoor air-handling units shall be factory assembled and consist of fans, motor and drive assembly, coils, dampers, plenums, filters, condensate drain pans, mixing dampers, control devices, and accessories.  Units larger than 1416 L/s (3,000 cfm) not serving elevator machine and telephone equipment rooms shall have an enthalpy-controlled economizer cycle.
2.3 CABINET

Single wall is allowable on units less than 1415 L/s (3000 cfm).

A. Materials:  Formed and reinforced  [single wall] [double wall insulated] panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed.

1. Outside Casing:  [Galvanized steel, 1.3 mm (0.0516 inch)] [Galvanized steel, 1.61 mm (0.0635 inch)] thick.

Delete the following if the casing is single wall.

2. Inside Casing upstream of cooling coil:  Galvanized steel, 0.7 mm (0.0276 inch) thick[, perforated].

3. Inside Casing at and downstream of cooling coil:  [Galvanized steel, 0.7 mm (0.0276 inch)] [Stainless steel, 0.63 mm (0.025 inch)] thick[, perforated].

4. Floor Plate upstream of cooling coil:  Galvanized steel, 3.5 mm (0.1382 inch) thick.

5. Floor Plate at and downstream of cooling coil:  Stainless steel, 3.6 mm (0.1406 inch) thick.

B. Panel construction type:  [Removable panel in frame. ][Panels form the casing structure.]
Use of a lining exposed to the air stream, including perforated inner wall, is not permitted.  Single wall units 1415 L/s (3000 cfm) or less will be externally insulated.  All others will be double wall construction.
C. Casing 

1. Pressure classification to match fan external static.

2. Capable of withstanding 133% of rated pressure without structural failure.

D. Leakage: SMACNA Seal Level A

E. Maximum wall and roof deflections at rated pressure: span L/1000.

F. Penetrations:  Seal all penetrations airtight.  Cover with escutcheons, gaskets, or fill with suitable compound so there is no exposed insulation.  Provide shaft seals where fan shafts penetrate casing.
G. Cabinet Insulation:  Comply with NFPA 90A or NFPA 90B.

1. Materials:  ASTM C 1071

2. Minimum Resistance: R-6

3. Thickness:  [50 mm (2 inches)] [100 mm (4 inches)].

4. Thermal Conductivity (W/m x K (k Value)):  0.037 at 24 deg C (0.26 at 75 deg F) mean temperature.

5. Fire Hazard Classification:  Maximum flame spread index of 25 and smoke developed index of 50, when tested according to ASTM C 411.

6. Insulation Adhesive:  Comply with NFPA 90A or NFPA 90B and ASTM C 916.

7. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, mechanical  attachment, or welding attachment without damaging insulation when applied as recommended by manufacturer and without causing leakage in cabinet.

8. Location and Application:  Encased between outside and inside casing.

H. Sections: Provide the following in the [order listed] [position indicated on the drawings].
Edit sequence below if the order listed is part of the specification.

1. Air mixing section: In addition to dampers specified elsewhere, provide parallel blade dampers in each outside air and return air openings locked in 45 degree position to direct mixture of airstreams.

2. Factory mixing section.

3. Pre-Filter section.
4. Filter section.

5. Preheat coil section.

6. Return fan section.

7. Relief air section.

8. Supply fan section.

Retain the following for blowthrough arrangements.

9. Diffuser section: Immediately downstream of the fan section to provide equal air distribution to downstream components.

10. Coil section.

11. Moisture eliminator section

a. Vertically mounted

b. Type 304 stainless steel fins

c. Condensate drain pan

PBS-P100 has special criteria for when humidification is provided.
12. Humidifier section.

I. Access Panels and Doors:  Same materials and finishes as cabinet, complete with hinges, latches, handles, and gaskets.  Inspection and access panels and doors shall be sized and located to allow periodic maintenance and inspections.  Provide 150 mm by 150 mm (6 inch by 6 inch)<Insert Number Here> [wire glass] [plastic] windows in each [door] [and] [access panel].  Provide access panels and doors in the following locations:

1. Fan Section:  [Inspection and access panels] [Doors].

2. Access Section:  Doors.

3. Coil Section:  Inspection panel downstream of each coil.

4. Drain pan: Access panel.

5. Damper Section:  [Inspection and access panels] [Doors].

6. Filter Section:  [Inspection and access panels] [Doors] upstream of each filter to allow periodic removal and installation of filters.

J. Condensate Drain Pans:  Formed sections of Type 304 stainless steel sheet complying with requirements in ASHRAE 62.  Pans to extend minimum 305 mm (12 inches)past coil.  Fabricate pans with slopes in a minimum of two planes to collect condensate from cooling coils (including coil piping connections and return bends) and humidifiers when units are operating at maximum catalogued face velocity across cooling coil.

1. Double Wall Construction:  Fill space between walls with foam insulation and seal moisture tight.

2. Drain Connections:  Both ends of pan.

3. Units with stacked coils shall have an intermediate drain pan or drain trough to collect condensate from top coil.

4. Insulation:  Polystyrene or polyurethane insulation

5. Slope to drain

Select the option for units with draw through fan configurations.

6. Traps at each drain.  [Drain traps with depth and height differential between inlet and outlet equal or greater to the design static pressure plus 25.4 mm (1 inch w.g.)]  Include slab height in trap calculation.
2.4 FANS

Fan size restricted to 11,800 L/s (25,000 cfm) maximum.  Units for underfloor air distribution system restricted to 2360 L/s (5000 cfm).
A. Fan Section Construction:  [Belt driven centrifugal][Direct-drive centrifugal][Belt driven axial] [Direct drive axial] fans consisting of housing, wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, and support structure and equipped with formed steel channel base for integral mounting of fan, motor, and casing panels.  Mount fan with vibration isolation and flexible connection.
B. Fan power limitations:  Fan motors not to exceed the following sizes:

Refer to ASHRAE Standard 90.1-2001, paragraph 6.3.3.1, for Pressure Credits and Relief Fan Credits, which can be used to modify these limitations.

1. Constant volume units less than 9500 L/s (20,000 cfm):  1.9 kW per 1000 L/s (1.2 hp per 1000 cfm)
2. Constant volume equal to or greater than 9500 L/s (20,000 cfm):  1.74 kW per 1000 L/s (1.1 hp per 1000 cfm)
3. Variable volume units less than 9500 L/s (20,000 cfm):  2.7 kW per 1000 L/s (1.7 hp per 1000 cfm)
4. Variable volume units between 9500 L/s (20,000 cfm)and 11,800 L/s (25,000 cfm):  2.38 kW per 1000 L/s (1.5 hp per 1000 cfm)
C. Centrifugal Fan Housings:  Formed and reinforced steel panels to make curved scroll housings with shaped cutoff, spun metal inlet bell, and access doors or panels to allow entry to internal parts and components.

1. Panel Bracing:  Steel angle or channel iron member supports for mounting and supporting fan scroll, wheel, motor, and accessories.

2. Performance Class:  AMCA 99 2408, Class  [I] [II] [III].

3. Horizontal Flanged Split Housing:  Bolted construction.

D. Fan Assemblies:  Statically and dynamically balanced and designed for continuous operation at maximum rated fan speed and motor horsepower.

Centrifugal, double-inlet, forward-curved and airfoil fans are preferred for VAV systems.

Usually only high pressure fan wheels have aluminum construction.  Cast steel hub is common on AMCA 99-2408, Class III fans.

Select fan blade style from first four paragraphs below.  Some wheels are not available in all sizes.  Indicate fan blade type in an equipment schedule.

E. Backward Inclined Fan Wheels:  Steel construction with curved inlet flange, backplate, [and] backward inclined blades [welded or riveted to flange and backplate; cast iron or cast steel hub riveted to backplate and fastened to shaft with set screws].

F. Forward Curved Fan Wheels:  Black enamel or galvanized steel construction with inlet flange, backplate, and shallow blades with inlet and tip curved forward in direction of airflow and mechanically secured to flange and backplate; cast steel hub swaged to backplate and fastened to shaft with set screws.

G. Airfoil Fan Wheels:  Steel construction with smooth curved inlet flange, heavy backplate, and hollow die formed airfoil shaped blades continuously welded at tip flange and backplate; cast iron or cast steel hub riveted to backplate and fastened to shaft with set screws.

H. Axial Fan Wheels:  Cast aluminum, with airfoil shaped blades mounted on cast iron wheel plate keyed to shaft with solid steel key.

1. Fan Hub and Blade Bearing Assemblies:  Cast aluminum, machined and fitted with threaded bearing wells to receive blade bearing assemblies.

2. Blades:  Replaceable, cast aluminum; factory mounted and balanced to hub assembly.

3. Safety screen guards on inlet and discharge.

I. Coatings:  Hot-dip galvanized.

J. Shafts:  Statically and dynamically balanced and designed for continuous operation at maximum rated fan speed and motor horsepower, with final alignment and belt adjustment made after installation.

1. Turned, ground, and polished hot rolled steel with keyway.  Ship with a protective coating of lubricating oil.

2. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed range.

Retain one of the paragraphs below or retain all and indicate appropriate types in an equipment schedule.  Other bearing types may be available; those specified below may not be available from all manufacturers.

K. Prelubricated and Sealed Shaft Bearings:  Self-aligning, pillow-block type ball bearings.

1. Ball Bearing Rating Life:  ABMA 9, L10 of 120,000 hours.

L. Grease Lubricated Shaft Bearings:  Self-aligning, pillow-block type, tapered roller bearings with [double locking collars] [adapter mount] and two-piece, cast iron housing. Extend grease fitting to accessible location outside of unit.

1. Roller Bearing Rating Life:  ABMA 11, L10 of 120,000 hours.

M. Grease Lubricated Shaft Bearings:  Self-aligning, pillow-block type, ball or roller bearings with adapter mount and two-piece, cast iron housing.  Extend grease fitting to accessible location outside of unit.

Retain appropriate bearing life from the subparagraphs below.

1. Ball Bearing Rating Life:  ABMA 9, L10 of 120,000 hours.

2. Roller Bearing Rating Life:  ABMA 11, L10 of 120,000 hours.

N. Belt Drives:  Factory mounted, with final alignment and belt adjustment made after installation and with 1.5 service factor based on fan motor kW (horsepower).
1. Pulleys:  Cast iron or cast steel with split, tapered bushing; dynamically balanced at factory.

2. Motor Pulleys:  Adjustable pitch for initial startup and Testing Adjusting Balancing.  Provide fixed pitch for permanent use after Testing Adjusting Balancing.  Select pulley so pitch adjustment is at the middle of adjustment range at fan design conditions.

3. Belts:  Oil resistant, nonsparking, and nonstatic; matched for multiple belt drives.

4. Belt Guards:  Fabricate to OSHA/SMACNA requirements; 2.7 mm  (0.1046 inch) thick, 20 mm (3/4 inch) diamond mesh wire screen welded to steel angle frame or equivalent; prime coated. [ Provide belt guards for motors mounted on outside of cabinet.]

5. Motor Mount:  Adjustable for belt tensioning.  Configure so that motor alignment is not affected when belts are tightened.
Revise vibration control requirements below to suit Project.

O. Vibration Control:  [Install fans on open spring vibration isolators having a minimum of 25 mm (1 inch) static deflection and side snubbers.] [Install fans on 50 mm (2 inch) inertia base.]
P. Fan Section Source Quality Control:

1. Sound Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data."  Test fans according to AMCA 300, "Reverberant Room Method for Sound Testing of Fans."  Fans shall bear AMCA certified sound ratings seal.

2. Factory test fan performance for flow rate, pressure, power, air density, rotation speed, and efficiency.  Establish ratings according to AMCA 210, "Laboratory Methods of Testing Fans for Rating."

2.5 MOTORS

Motor characteristics such as NEMA designation, temperature rating, service factor, enclosure type, and efficiency are specified in Division 15 Section, "Motors."  If different characteristics are required, add paragraphs below to suit Project.

A. General:  Comply with requirements in Division 15 Section, "Motors."

B. Size: Non-overloading along operating curve.

Retain the following subparagraph for centrifugal fans.

C. Location: Out of air stream.

2.6 COILS

A. Coil Sections:  Design and construct to facilitate removal and replacement of coil for maintenance and to ensure full airflow through coils. [For multizone units, provide air deflectors and air baffles to balance airflow across coils.]

B. Water Coils:  [Continuous circuit coil fabricated according to ARI 410] [Self-draining coil fabricated according to ARI 410] [Cleanable coil fabricated according to ARI 410] not to be a structural component of the unit.

Retain first subparagraph below for face-and-bypass dampers which are integral with the coils.

1. Integral Face-and-Bypass Dampers:  [Extruded aluminum][Formed steel] blades with full-length drive rod.

a. Arrangement:  [Horizontal] [Vertical].

2. Piping Connections:  [Threaded] [Flanged], on same end. 

3. Air discharge conditions:  10 deg C (50 deg F) dew point.

4. Maximum cooling coil face velocity: 2.5 m/s (500 fpm)

5. Maximum heating coil face velocity: 3.8 m/s (750 fpm)

6. Tubes:  Copper, complying with ASTM B 75M (ASTM B 75).

Retain desired tube diameter in subparagraph below, or delete if in schedule.

7. Tube Diameter:  [12.7 mm (0.50 inch)] [15.9 mm (0.625 inch)] [19.0 mm (0.75 inch)] [25.4 mm (1.0 inch)].

8. Fins:  Copper with fin spacing 3.18 mm. (0.125 inch.)
9. Fin and Tube Joint:  [Mechanical bond] [Silver brazed].

10. Headers:  Seamless copper tube with brazed joints, prime coated.

11. Frames, at and downstream of cooling coil:  Type 304 stainless steel, 1.58 mm (0.0625 inch).

12. Frames, upstream of cooling coil:  Galvanized-steel channel frame, [1.3 mm (0.052 inch)] [1.6 mm (0.064 inch)] [2.0 mm (0.079 inch)] [1.58 mm (0.0625 inch)].

13. Ratings:  Design tested and rated according to ASHRAE 33 and ARI 410.

Pressure and temperature ratings in subparagraph below are standard for most copper tube coils.  Other materials have different ratings; edit to suit Project.

a. Working Pressure Ratings:  1380 kPa (200 psig), 163 deg C (325 deg F).

14. Source Quality Control:  Test to 2070 kPa (300 psig) and to 1380 kPa (200 psig) underwater

Single tube coil is also available.  Specify same end connections if freeze protection is required.

Refrigerant coils require a condensing unit specified in another Division 15 Section.

C. Refrigerant Coils:  Coil designed for use with <Insert refrigerant> refrigerant, fabricated according to ARI 410, connected with [soldered] [brazed] fittings.

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

2. Tubes:  Copper.

Delete fin spacing in  subparagraph below if scheduled on drawings.

3. Fins:  Copper with fin spacing 3.18 mm (0.125 inch)
4. Fin and Tube Joint:  [Mechanical bond] [Silver brazed].

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

6. Frames:  Stainless steel, 1.58 mm (0.0625 inch).

7. Ratings:  Design tested and rated according to ASHRAE 33 and ARI 410.

Pressure rating in subparagraph below is standard for most copper tube coils.  Other materials have different ratings; edit to suit Project.

a. Working Pressure Rating:  2070 kPa (300 psig).

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

Electric heating coils will be permitted for nominal heating requirements. Requests for use of electric heating coils must be submitted directly to and subsequently authorized by the Office of the Chief Architect.  No reheat is permitted

D. Electrical Heating Coils, Controls, and Accessories:  Comply with UL 1995.

1. Casing Assembly:  [Slip-in] [Flanged] type with galvanized steel frame.

2. 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.

3. Safety screen: Around heating elements.

4. Overtemperature Protection:  Disk type, automatically resetting, thermal cutout, safety device; serviceable through terminal box without removing heater from duct or unit.

a. Secondary Protection:  Load carrying, manually resetting or manually replaceable, thermal cutouts; factory wired in series with each heater stage.

5. Control Panel:  [Unit] [Remote] mounted with  [fused] [nonfused] disconnecting means and overcurrent protection.  Include the following controls:
Edit the following to suit project.

a. Magnetic contactor.

b. Mercury contactor.

c. Solid state stepless pulse controller.

d. Toggle switches, one per step.

e. Step controller.

f. Time delay relay.

g. Pilot lights, one per step.

h. Airflow proving switch.

i. BAS interface.

2.7 HEAT RECOVERY SYSTEM

Specify heat recovery system for all units where temperature differential between supply air and exhaust air is significant.  Systems available are: heat pipe, run-around coil, and air-to-air sensible heat exchanger consisting of either sensible heat wheel or flat plate.

A. General

1. Efficiency: 70 percent minimum.

2. Prefilter: Located immediately upstream of heat recovery equipment.

3. Control compatibility with [ASHRAE 135, BACnet,][LonWorks]. 

B. Heat Wheels
Coordinate first paragraph and subparagraphs below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturer[s]:

a. Advanced Thermal Technologies.

b. American Energy Exchange.

c. Munters; Cargocaire Division.

d. SEMCO Incorporated.

e. Trane Company (The); Worldwide Applied Systems Group.

f. U.S. Rotors, Inc.

g. <Insert manufacturer's name.>

2. Casing:  Steel with manufacturer's standard paint coating.  Include the following:

a. Integral purge section.

b. Casing seals on periphery of rotor, on duct divider, and on purge section.

c. Support rotor on grease-lubricated ball bearings with extended grease fittings.  Mount horizontal wheels on tapered roller bearing.

3. Rotor:  [Corrugated aluminum] [glass-fiber] [polymer] segmented wheel strengthened with radial spokes[, with nontoxic, noncorrosive silica-gel desiccant coating].  Construct media for passing maximum [800] [1200]-micrometer solids and maximum 0.04 percent cross contamination by volume of exhaust air.  Drive rotor with belt around outside of rotor.

4. Drive:  Fractional horsepower motor and gear reducer[, with speed changed by adjustable variable-frequency controller].

5. Controls:  Starting relay, factory mounted and wired, and manual motor starter for field wiring.

Retain paragraph above for constant-speed control and paragraph below for variable-speed control.

6. Controls:  Panel factory mounted and wired to motor, with airstream thermostat and adjustable variable-frequency controller for field wiring; with pilot-light indication of rotor rotation and provisions for setting maximum and minimum speed.

Retain second option in paragraph below for systems with mechanical summer cooling only.

7. Changeover Control:  [Snap-action thermostat for field mounting in outdoor-air inlet] [Electronic automatic summer changeover system for field mounting of room and outdoor air-temperature sensors], to provide maximum rotor speed when room air temperature is less than outdoor air temperature.

Below detects operation of heat wheel and sounds an alarm if wheel stops.

8. Rotation Detection:  Electronic control module, electromagnetic sensor, and iron shuttle factory wired and mounted, with alarm bell for field wiring and mounting.

Dessicent-impregnated enthalpy wheel with variable speed rotary wheel may be used between supply and exhaust air flows.

C. Enthalpy Heat Recovery Wheel

1. Desiccant Impregnated Wheel

a. Support and Drive Assembly: Wheel shall be a single piece for fast removal and simple handling.  Desiccant wheel shall be supported by four rollers at the base of the unit so the wheel can be easily removed for maintenance by lifting it over the roller using the drive belt.  Center axle support or any arrangement, which requires disassembly of the support structure for wheel removal, will not be acceptable.  In addition, the wheel drive assembly shall provide that any section of the wheel may be removed and contain no more than 12.5% of the mass of the entire wheel.

b. To avoid excessive heat carryover from reactivation to process air, the wheel rotation speed shall be a minimum of 10 rph while achieving the required moisture removal rate at the specified conditions.  

c. Drive belt shall be the flat, toothed type, with fiber reinforcement. 

d. Drive motor shall be rated for continuous duty for a period of 44,000 hours under the load conditions imposed by the drive assembly.

e. Air Seals:  The process and reactivation air streams shall be separated by air seals and internal partitions so that the humid reactivation air does not mix with the dry process air.  

1) Dehumidifier shll have full face seals on both the process air entering and the process air leaving sides of the wheel.  These shall seal the entire perimeter of both air streams as they enter and leave the wheel.  Partial seals will not be acceptable.  Seals shall be the silicone rubber bulb type, with a protective strip of low friction, abrasive resistant tape to extend seal life and reduce the force needed to turn the desiccant wheel.  Neither wiper type seals nor brush type nor any non-contact type seal will be acceptable.  Seals shall be documented to have a minimum working life of 44,000 hours of normal operation. 

f. Airflow Gauges:  To set and verify the specified air flow rates through the unit, the casing shall be equipped with differential pressure gauges which measure and display the pressure drop across the desiccant wheel.  Dial of the gauges shall include a warning zone to indicate when the air flow is above the recommended operating range of the equipment.  Gauges shall be connected to the building automation system for automatic alarm and indication.

D. Fixed-Plate Heat Exchangers
1. Available Manufacturers:

a. American Energy Exchange.

b. Conservation Energy Systems.

c. Des Champs Laboratories Inc.; a unit of Entrodyne Corporation.

d. Exothermics Inc.

e. Mitsubishi Electric (Canada).

f. Nutech Energy Systems Inc.

g. United Air Specialists, Inc.

h. <Insert manufacturer's name.>

2. Casing:  [Galvanized steel] [Enameled steel, with galvanized steel liner] [Enameled steel ]with duct collars.

Insulation is required only when heat exchangers are packaged in a plenum.

a. Insulation:  25-mm- (1-inch-) thick, foil-faced glass fiber.

b. Drain Pan:  Same material as casing, with drain connections on exhaust and supply side.

3. Plates:  Construct with plates evenly spaced and sealed and arranged for counter airflow.

a. Plate Material:  [Embossed aluminum] [Stainless steel] [Polypropylene copolymer (high-density plastic)] [Proprietary resin-composite media allowing latent heat transfer].

Coatings are available for aluminum plates in corrosive atmospheres.

b. Plate Coating:  [Epoxy] [Air-dried phenolic].

4. Bypass:  Construct bypass plenum within casing, with gasketed face-and-bypass dampers having operating rods extended outside casing.

Water wash and detergent injection are available options.

5. Water Wash:  Automatic system, with spray manifold to individual spray tubes or traversing type with stainless-steel-screw operating mechanism and electric motor drive; activated by time clock[, with detergent injection].

E. Heat-Pipe Heat Exchangers For Reheat

For sensible heat recovery a run around type heat pipe shall use refrigerant to absorb heat from the air stream at the air intake and reject the heat back into the air stream at the discharge of the air-handling unit.

1. Available Manufacturers:

a. Applied Air; Mestek, Inc.

b. Des Champs Laboratories Inc.; a unit of Entrodyne Corporation.

c. Engineered Air.

d. Gaylord Industries, Inc.

e. Munters; Cargocaire Division.

f. <Insert manufacturer's name.>

Edit paragraph below to suit Project.  

2. Heat Pipe Heat Exchanger:  Heat pipe designed for use with [R-22 ][ASHRAE 15 Group 1 refrigerant selected by manufacturer for operating performance], fabricated according to ARI 1060.
a. Construction:  fabricated with capillary wick structure, filled with refrigerant, and sealed; mounted in galvanized steel flanged casing with airtight partition between airstreams.
b. Tubes:  
1) Copper with 1.58 mm (0.0625 inch)wall thickness.

2) Spacing: Maximum 53 mm (2.125 inch)on center in the face and maximum 46 mm (1.875 inch)on center row-to-row.

c. Fins:  Copper with fin spacing 3.18 mm (0.125 inch)
d. Fin and Tube Joint:  Integral 
3. Casing

a. Construction: galvanized steel flanged casing, with airtight partition between airstreams.

b. Construction: Frames:  Galvanized steel, 2.0 mm (14 gage).

c. End covers: 1.6 mm (16 gage)galvanized steel.
Retain one of the two paragraphs below.  Retain first for face-and-bypass control; second, for tilt control.  For face-and-bypass control, heat pipes must be installed in horizontal position.  Tilt control can be provided for horizontal or vertical airflow.

4. Control: 
a. Integral plenum containing heat-pipe coil and gasketed face-and-bypass opposed-blade dampers, with rods extended outside casing for damper operator and linkage.

b. Capabilities:

1) Economizer mode.
2) Regulation of supply leaving temperature.
3) Frost prevention at exhaust side of unit.

c. Dampers: 1.6 mm (16 gage)galvanized steel.

d. Damper motor: Modulating

5. Control:  
a. Pivot center of bottom of heat-pipe coil on shaft and bearings to tilt coil approximately 3 degrees in either direction from horizontal.  Include tilt controls with electronic controller, electric actuator and linkage, thermostats, sensors, and polyester fabric with PVC-coated flexible connector for automatic supply temperature regulation, summer/winter changeover, and frost protection.

b. Capabilities:

1) Economizer mode;

2) Regulation of supply leaving temperature;

3) Frost prevention at exhaust side of unit.

c. Full modulation compatible with the following:

1) 0-10 V DC.

2) 4-20 mA.

6. Accessories:

a. Plenums with access doors.

b. Drain pans for condensate removal.

c. Automatic, in-place spray-wash system.

d. Protective epoxy-phenolic coating for corrosion resistance.

e. Flexible connector assembly for tilt control.

F. Run-Around Glycol System For Reheat

A glycol run-around coil system could be used with control valves and a pump for part load conditions.  The run-around coils shall be used at the exhaust discharge from the building and at the outside air intake into the building.

1. Available Manufacturers: Unit

a. Applied Air; Mestek, Inc.

b. Des Champs Laboratories Inc.; a unit of Entrodyne Corporation.

c. Engineered Air.

d. Gaylord Industries, Inc.

e. Munters; Cargocaire Division.

f. <Insert manufacturer's name.>

2. Available Manufacturers: Glycol 

a. Dow

b. <Insert manufacturer's name.>

3. Available Manufacturers: Airflow Measuring

a. Ebtron

b. Flow Measurement Technologies

c. Ultratech

d. Tek Air Systems

e. <Insert manufacturer's name.>

4. System:  Two matched energy-recovery coils to collect energy from exhaust or relief air and transfer this energy to the supply air during cooling cycle.

5. Coil: As specified in this Section.

6. Media: 50% ethylene glycol

7. Accessories:

a. Circulation pump

b. Expansion tank

c. Three-way temperature control (bypass) valve.

d. Pipe temperature sensor.

G. Sensible Heat Recovery Wheel

1. Enthalpy Type Wheel

a. Matrix: Constructed from corrugated aluminum, specifically treated to create a porous surface, and coated with a silica gel desiccant.

b. Support and Drive Assembly: Wheel shall be a single piece for fast removal and simple handling.  Heat recovery wheel shall be supported by four rollers at the base of the unit so the wheel can be easily removed for maintenance by lifting it over the roller using the drive belt.  Center axle support or any arrangement, which requires disassembly of the support structure for wheel removal, will not be acceptable.  In addition, the wheel drive assembly will provide that any section of the wheel may be removed and contain no more than 12.5% of the mass of the entire wheel.

c. To avoid excessive carryover from exhaust air, the wheel rotation speed shall be a maximum of 13 rpm while achieving the required energy recovery rate at the specified conditions.  

d. Drive belt shall be the flat, toothed type, with fiber reinforcement. 

e. Drive motor shall be rated for continuous duty for a period of 44,000 hours under the load conditions imposed by the drive assembly.

f. Air Seals:  The supply and exhaust air streams shall be separated by air seals and internal partitions so that the exhaust air does not contaminate the supply air.  The proposed equipment shall meet the following minimum requirements:

1) The exhaust and supply sides shall have full face seals on both air streams entering and the process air leaving sides of the wheel.   These shall seal the entire perimeter of both air streams as they enter and leave the wheel.  Partial seals will not be acceptable.  The seals shall be the silicone rubber bulb type, with a protective strip of low friction, abrasive resistant tape to extend seal life and reduce the force needed to turn the wheel.  Neither wiper type seals nor brush type nor any non-contact type seal will be acceptable.  The seals shall be documented to have a minimum working life of 44,000 hours of normal operation. 

g. Airflow Gauges:  To set and verify the specified air flow rates through the unit, the casing shall be equipped with differential pressure gauges which measure and display the pressure drop across the wheel in both air streams.  The dial of the gauges shall include a warning zone to indicate when the air flow is above the recommended operating range of the equipment.  Gauges shall be connected to the BAS system for automatic alarm and indication.

2.8 DAMPERS

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

B. Damper Operators:  [Pneumatic to DDC] [Electric] specified in Division 15 Section "Building Automation System."

C. Low Leakage, Outside Air Dampers:  Double-skin, airfoil blade galvanized steel dampers with compressible jamb seals and extruded vinyl blade edge seals, in [opposed] [parallel] blade arrangement with steel operating rods rotating in [stainless steel sleeve] [sintered bronze or nylon] bearings mounted in a single galvanized steel frame, and with operating rods connected with a common linkage.  Leakage rate shall not exceed 0.22 L/s per sq. m (5 cfm/sq. ft.) at 250 Pa (1 inch wg) and 0.4 L/s per sq. m (9 cfm/sq. ft.) at 1.0 MPa (4 inch wg).

Retain the following paragraph for external face and bypass dampers not integral with the coils.

D. Face-and-Bypass Dampers:  Opposed blade galvanized steel dampers with steel operating rods rotating in sintered bronze or nylon bearings mounted in a single galvanized steel frame and with operating rods connected with a common linkage.  Break form damper blades, provide gaskets and edge seals, and mechanically fasten to operating rod.

E. Zone Dampers:  Two single blade galvanized steel dampers offset 90 degrees from each other on steel operating rod rotating in sintered bronze or nylon bearings mounted in a single galvanized steel frame.  Break form damper blades, provide gaskets and edge seals, and mechanically fasten to operating rod.

Mixing box in the paragraph below is standard quality.  Low leakage dampers are available from some manufacturers and from manufacturers of temperature control equipment.

F. Mixing Boxes:  Parallel blade galvanized steel dampers mechanically fastened to steel operating rod in reinforced, stainless steel cabinet.  Connect operating rods with common linkage and interconnect linkages so dampers operate simultaneously.

G. Combination Filter and Mixing Box:  Parallel blade galvanized steel dampers mechanically fastened to steel operating rod in reinforced, galvanized steel cabinet.  Connect operating rods with common linkage and interconnect linkages so dampers operate simultaneously.  Cabinet support members shall hold 50 mm  (2 inch ) thick, pleated, flat permanent or throwaway filters.  Provide hinged access panels or doors to allow removal of filters from both sides of unit.

2.9 FILTERS

A. Filters:  

1. Comply with NFPA 90A.

2. Initial pressure drop across filters not to exceed [20 mm (3/4 inch)] <Insert Value Here>
3. Sized so face velocity does not exceed 350 fpm.
B. Filter Section:  
1. Filter holding frames arranged for [flat] [or] [angular] orientation
2. Access doors on [both sides of unit] [one side of unit, as indicated].  
3. Filters shall be removable from one side.  
4. Maximum bypass leakage: 0.5%

5. Magnehelic gauges shall indicate pressure drop across filters.
C. Disposable Panel Filters:  Factory fabricated, viscous coated, flat panel type, disposable air filters with holding frames in sections sized 600 mm wide by 50 mm deep by 600 mm high(24 inches wide by 2 inches deep by 24 inches high).

1. Location:  Pre-filter

2. Efficiency:  35 percent 

Retain paragraph above for ASHRAE 52.1, Dust Spot Efficiency, or below for ASHRAE 52.2, Minimum Effective Reporting Value. 

3. Minimum Effective Reporting Value (ASHRAE 52.2): 8
4. Media:  Interlaced glass fibers sprayed with nonflammable adhesive.

5. Frame:  Galvanized steel with metal grid on outlet side, steel rod grid on inlet side, hinged, and with pull and retaining handles.

6. Duct-Mounting Frames:  Welded, galvanized steel with gaskets and fasteners, suitable for bolting together into built-up filter banks.

D. Extended Surface, Disposable Panel Filters:  Factory fabricated, dry, extended surface filters with holding frames.

1. Location:  Final filter

2. Efficiency:  85 percent down to 3.0 microns

Retain paragraph above for ASHRAE 52.1 dust-spot efficiency or below for ASHRAE 52.2 Minimum Effective Reporting Value

3. Minimum Effective Reporting Value (ASHRAE 52.2): 13

Media:  Fibrous material formed into deep-V-shaped pleats and held by self-supporting wire grid.

Select one of three options in subparagraph below.

4. Media and Media Grid Frame:  [Galvanized steel] [Stainless steel].
5. Duct Mounting Frames:  Welded, [Galvanized steel] [Stainless steel] with gaskets and fasteners, suitable for bolting together into built-up filter banks.

E. Extended Surface, Nonsupported Media Filters:  Factory fabricated, dry, extended surface, self-supporting filters with holding frames.

1. Location:  Final filter

2. Efficiency:  85 percent down to 3.0 microns

Retain paragraph above for ASHRAE 52.1, Dust-spot Efficiency, or below for ASHRAE 52.2, Minimum Effective Reporting Value.

3. Minimum Effective Reporting Value (ASHRAE 52.2): 13

4. Media:  Fibrous material constructed so individual pleats are maintained in tapered form by flexible internal supports under rated airflow conditions.

5. Filter-Media Frame:  [Galvanized steel] [Stainless steel].
6. Duct-Mounting Frames:  Welded, [galvanized steel] [stainless steel] with gaskets and fasteners, suitable for bolting together into built-up filter banks.

F. Activated Carbon Panel Filters:  Factory fabricated unit with activated carbon media.

Select one of the subparagraphs below.

1. Location: Final filter

2. Efficiency:  <Insert Efficiency Here> percent down to 3 microns.

Retain paragraph above for ASHRAE 52.1, Dust Spot Efficiency, or below for ASHRAE 52.2, Minimum Effective Reporting Value. 

3. Minimum Effective Reporting Value (ASHRAE 52.2): <Insert Number Here>

4. Media:  Flat panel multilayer filter with inlet layer of polyester fibers, layer of activated carbon granules bonded to fibers, and layer of polyurethane foam; housed in cardboard frame.

5. Media:  Pleated multilayer filter with inlet layer of cotton and synthetic fibers and layer of activated carbon granules bonded to synthetic fibers, formed into deep V-shaped pleats and held by self-supporting wire grid, and housed in nonflammable cardboard frame.

6. Duct Mounting Frames: Welded, [galvanized steel] [stainless steel]with polyurethane gaskets and fasteners capable of holding media and media frame in place and suitable for bolting together into built-up filter banks.

G. Activated Carbon Filters:  Factory fabricated unit with activated carbon trays in deep V arrangement with disposable panel prefilter.

1. Efficiency:  <Insert Efficiency Here> percent down to 3 microns.

Retain paragraph above for ASHRAE 52.1 or below for ASHRAE 52.2. 

2. Minimum Effective Reporting Value (ASHRAE 52.2): <Insert Number Here>

3. Media:  Activated carbon and mounted in removable carbon cell trays of epoxy coated steel.

a. Activated Carbon Capacity:  5.4 kg (12 lb) of activated carbon per 236 L/s (500 cfm) of airflow.

Retain subparagraph above or below.

b. Activated Carbon Capacity:  4.0 kg (8.8 lb) of activated carbon per 944 L/s (2000 cfm) of airflow.

4. Housing:  1.6 mm  (0.064 inch ) thick, galvanized steel; for side servicing through gasketed access doors on both sides.  Equip housings with metal slide channel tracks to hold activated carbon trays.

H. HEPA Filters:  Factory fabricated HEPA filters with holding casing.

Select one of the subparagraphs below.

1. Media:  UL 586, fibrous glass, constructed of continuous sheets with closely spaced pleats with [aluminum separators] [vinyl-coated aluminum separators] [separators of ribbons of filter media].

2. Frame Material:  Type 304 stainless steel.

3. Media to Frame Side Bond:  [Polyurethane foam] [Silicone] [Neoprene adhesive] [Fiberglass mat packing] [Thermosetting sealant].

4. Face Gasket:  [Neoprene expanded rubber] [Ceramic fiber] [Silicone].

I. Duct Mounting Frames:  Construct downstream corners of holding device with cushion pads to protect media.  Provide bolted filter sealing mechanism to mount and continuously seal each individual filter. 

J. Gas Phase Filters
1. Media shall be potassium permanganate U.L. Class 1.  Potassium permanganate media and activated carbon virgin bituminous coal extruded carbon designed for the removal of corrosive toxic and odorous gas.

2. Modules:

a. Filter modules shall be permanent type modules: 600‑mm w by 600-mm d  by 600-mm h(24‑inches wide by 24 inches deep by 24 inches high).  Modules shall be manufactured in two pieces, each300‑mm (12‑inches) wide for ease of installation and shall be disposable type.

3. Each module (600‑mm w by 600-mm d  by 600-mm h)(24‑inches wide by 24 inches deep by 24 inches high) shall hold both potassium permanganate and activated carbon.

4. Media specifications:

a. Potassium permanganate.  Filter media to be porous, spherical pellets, formed from a combination of powdered, activated carbon and other binders, suitably impregnated with potassium permanganate to provide optimum adsorption, absorption, and oxidation of gaseous contaminants.

b. Factory testing:  

1) Leach test:
180 minutes

2) Potassium permanganate content:
4% minimum

3) Moisture content:
20% maximum

4) Bulk density:
800‑kg/cu.m (50 lbs/cf)
5) Crush strength:
40% to 60% maximum

6) Abrasion:
4.0% maximum

7) Nominal pellet diameter:
3.175‑mm (1/8‑inch)

8) Percent of pellet sizes:
80% to 85% after screening
c. Activated carbon filter media:  Activated carbon shall be a high-grade carbon, manufactured from coconut shells, bituminous coal, or a combination of the two.

1) Ash content:
2.0% to 3.0%

2) Percent CTC:
35% to 70%

3) Bulk density:
160-mm (32 lbs/sf)
4) Mesh size:

100-mm by 150-mm (4 by 6) 90% minimum

5) Hardness factor:
95

d. Media testing: Manufacturer shall provide, at no additional cost, media testing and document percent remaining moisture, percent remaining in potassium permanganate, total prediction, and projected replacement date.  A certified testing laboratory to perform analysis.  Manufacturer shall provide, at no additional cost,  media testing on a quarterly basis for the life of the system.

5. Side Access Housing

a. Construction: 16-gage type 304 stainless steel.  Bolt extruded aluminum filter slide tracks to vertical formed channel supports at 24-inch intervals across the width of the housing.

b. Provide hinged and recessed access doors on both sides of each housing with hinges and pins and include permanently attached positive locking door hatches.  Filter tracks shall include nylon pile seal to mate with the sealing face of all filters.  Provide gaskets to prevent air leakage around doors and between doors and filters.

c. Provide housing with connection flanges.

2.10 ACCESSORIES

A. Interior lights Provide electric [incandescent] [fluorescent] lights externally switched with [pilot light] in the sections listed below:

1. Access sections

2. Filter sections

3. UV Emitter section
B. Germicidal Emitters:
1. Type: Ultraviolet "C" (UVC) band lamps

2. Components:  Housing, power source, reflector, emitter sockets, and emitter tubes

3. Locations:  Downstream of cooling coils and over condensate drain pans

4. Housings:  Type 304 stainless steel 

5. Power Source: 

a. Class P2

b. Type: electronic rapid start.

c. Power factor: minimum 0.95

d. Power conversion: minimum 75%
6. Reflectors: 

a. Heavy gauge, high spectral finished aluminum alloy.

b. Minimum 85% reflectance at 254 nm of UVC radiance.
7. Emitter Sockets:

a. Medium bi-pin.

b. Double-click safety twist lock type.
8. Emitter Tube: 

a. High output, hot cathode, T5 (15 mm) diameter, medium bi-pin type, producing 95% of energy at wavelength of 254 nm.

b. Environmental limits within which tube is capable of maximum photon production:

1) Temperature range: 16 deg C (35 deg F) to 77 deg C (170 deg F)

2) Humidity range: 100% relative humidity

3) Independent of airflow velocity

9. Electrical conduit openings: 15 mm (1/2 inch) on each end.
2.11 CONTROLS

A. Factory-installed, [native ASHRAE 135, BACnet,] [LonWorks compatible] microprocessor controls specified by Division 15 Section, "Building Automation System" and “Temperature Controls”.

B. In addition to controls specified in other sections, provide the following compatible with main control system:

1. Energy usage meter reporting kilowatt hours 

2. Airflow monitoring device:  specified under Division 15 “Building Automation Systems” and installed by air-handling unit manufacturer.

3. Differential pressure gauges and sensors across each filter bank.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions for compliance with requirements for installation tolerances and other conditions affecting performance.

B. Examine rough in of hydronic and condensate drainage piping systems and electrical services to verify actual locations of connections before installation.

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

3.2 INSTALLATION

A. Concrete Bases:  Install floor mounted units on 100 mm- (4 inch-)  high concrete bases which extend 150 mm (6 inches)on four sides past the edge of the supported equipment.  See Division 15 Section "Basic Mechanical Materials and Methods" for concrete base materials and fabrication requirements.

B. Install indoor air-handling units with the following vibration [and seismic] control devices.  Vibration [and seismic] control devices are specified in Division 15 Section "Mechanical Vibration and Seismic Controls."

Select from the subparagraphs below or edit to suit Project and equipment requirements.  Refer to Division 15 Section, "Mechanical Vibration and Seismic Controls" for other types and applications of vibration control devices.

1. Units with Internally Isolated Fans:  Secure units to anchor bolts installed in concrete bases.

2. Floor-Mounted Units:  Support on concrete bases using [neoprene pads] [housed spring isolators ].  Secure units to anchor bolts installed in concrete bases.

3. Suspended Units:  Suspend units from structural steel support frame using threaded steel rods and spring hangers.

C. Arrange installation of units to provide access space around indoor air-handling units for service and maintenance.

3.3 CONNECTIONS

Coordinate piping 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, maintenance and removal or components.
Flexible connections in paragraph below may not be necessary.  Verify requirements with Project conditions.

C. Connect piping to indoor air-handling units mounted on vibration isolators with flexible connectors.

D. Connect condensate drain pans using DN 32 (NPS 1-1/4), Type M copper tubing.  Extend to nearest equipment drain or floor drain.  Construct deep trap at connection to drain pan and install cleanouts at changes in direction.

E. Hot and Chilled Water Piping:  Comply with applicable requirements in Division 15 Section "Hydronic Piping."  Connect to supply and return coil connections with shutoff or balancing valve and union or flange at each connection.

F. Refrigerant Piping:  Comply with applicable requirements in Division 15 Section "Refrigerant Piping."  Connect to liquid and suction connections with shutoff valve and union or flange at each connection.

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

G. Duct installation and connection requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of ducts and duct accessories.  Make final duct connections with flexible connections.

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

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

J. Tighten electrical connectors and terminals according to manufacturer's published torque tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

K. Connect to Building Automation System.

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory authorized service representative, specified in Section 01700 “Execution Requirements”, to inspect field assembled components and equipment installation, including piping and electrical connections.  Report results in writing.

1. Leak Test:  After installation, fill water coils with water and test coils and connections for leaks.  Repair leaks and retest until no leaks exist.

2. Charge refrigerant coils with refrigerant and test for leaks.  Repair leaks and retest until no leaks exist.

3. Fan Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.  Remove malfunctioning units, replace with new units, and retest.

4. HEPA Filter Operational Test:  Pressurize housing to a minimum of 750 Pa (3 inch wg)or to designed operating pressure, whichever is higher; test housing joints, door seals, and sealing edges of filter with soapy water to check for air leaks.

Retain subparagraph above or below.  Retain below in critical applications per ASME N510.

5. HEPA Filter Operational Test:  Pressurize housing to a minimum of 750 Pa (3 inch wg) or to designed operating pressure, whichever is higher; test housing joints, door seals, and sealing edges of filter for air leaks according to ASME N510, pressure decay method.

6. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

3.5 STARTUP SERVICE

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

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

B. Final Checks before Startup:  Perform the following:

1. Verify that shipping, blocking, and bracing are removed.

2. Verify that unit is secure on mountings and supporting devices and those connections to piping, ducts, and electrical systems are complete.  Verify that proper thermal overload protection is installed in motors, starters, and disconnect switches.

3. Perform cleaning and adjusting specified in this Section.

4. Verify bearings, pulleys, belts, and other moving parts are lubrication with factory recommended lubricants.

5. Set zone dampers to fully open position for each zone.

6. Set face-and-bypass dampers to full face flow.

7. Set outside  and return air mixing dampers to minimum outside air setting.

8. Comb coil fins for parallel orientation.

9. Install clean filters.

10. Verify that manual and automatic volume control and fire and smoke dampers in connected duct systems are in fully open position.

C. Starting procedures for indoor air-handling units include the following:

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust fan to indicated rpm. [Replace fan and motor pulleys as required to achieve design conditions].

2. Measure and record motor electrical values for voltage and amperage.

3. Manually operate dampers from fully closed to fully open position and record fan performance.

D. Caulk unit as required to reduce leakage to acceptable levels.

E. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for indoor air-handling system testing, adjusting, and balancing.

3.6 ADJUSTING

A. Adjust damper linkages for proper damper operation.

3.7 CLEANING

A. Clean indoor air-handling units internally, on completion of installation, according to manufacturer's written instructions.  Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheels, cabinets, and coils entering air face.

B. After completing system installation and testing, adjusting, and balancing indoor air-handling and air distribution systems, clean filter housings and install new filters.

3.8 DEMONSTRATION

A. Engage a factory authorized service representative to train Owner's maintenance personnel for [a minimum of] [1 hour] [2] [4] hours to adjust, operate, and maintain indoor air-handling units.  Refer to Division 1 Section "[Closeout Procedures] [Demonstration and Training]."  Report actions taken in 10 working days.
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