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SECTION 23 73 00
OUTDOOR CENTRAL-STATION AIR-HANDLING UNITS

PART 1 ‑ GENERAL

1.1 DESCRIPTION

A.
Air handling units including integral components specified herein.

B.
Definitions: Air Handling Unit (AHU): A factory fabricated assembly consisting of fan, coils, filters, and other necessary equipment to perform one or more of the following functions of circulating, cleaning, heating, cooling, humidifying, dehumidifying, and mixing of air. Design capacities of units shall be as scheduled on the drawings.
C. Unit shall be fabricated to fit on the roof.  The unit shall be in sections and connected together for a water/air tight seal.  The work shall be done in such a manner that the daily operations are not affected.  The Contractor shall purchase, receive, hoist, store, assemble/erect, ship, load, and unload equipment multiple times to meet/comply with construction schedule as required by this contract.  The Contractor to include the following work requirements in the bid.  The unit base curb shall be provided by the unit manufacturer and mechanical contractor for this project.      

1.2 RELATED WORK

A.
General mechanical requirements and items, which are common to more than one section of Division 23: Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION. 

B.
Sound and vibration requirements: Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT.

C.
Piping and duct insulation: Section 23 07 11, HVAC, PLUMBING, AND BOILER PLANT INSULATION. 

D.
Piping and valves: Section 23 21 13 / 23 22 13, HYDRONIC PIPING / STEAM AND CONDENSATE HEATING PIPING.

E.
Heating and cooling coils and pressure requirements: Section 23 82 16, AIR COILS. 

F.
Return fans: Section 23 34 00, HVAC FANS. 

G.
Requirements for flexible duct connectors, sound attenuators and sound absorbing duct lining, and air leakage: Section 23 31 00, HVAC DUCTS AND CASINGS.

H.
Air filters and filters' efficiency: Section 23 40 00, HVAC AIR CLEANING DEVICES. 

I.
HVAC controls: Section 23 09 23, DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC.

J.
Testing, adjusting and balancing of air and water flows: Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC.

K.
Types of motors: Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR HVAC AND STEAM GENERATION EQUIPMENT. 

L.
Types of motor starters: Section 23 05 12, GENERAL MOTOR REQUIREMENTS FOR HVAC EQUIPMENT.

1.3 QUALITY ASSURANCE

A.
Refer to Article, Quality Assurance, in Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATION.

B.
Air Handling Units Certification: Certify air-handling units in accordance with ARI 430.

C.
Heating, Cooling, and Air Handling Capacity and Performance Standards: ARI 430, ARI 410, ASHRAE 51, and AMCA 210. 

D.
All units shall bear an ETL or UL label under standard 1995.

E.
Performance Criteria:

1.
The fan schedule indicates design cubic meter per minute (cubic feet per minute) and design static pressure. Scheduled fan motors, 375 watts (1/2 horsepower) and larger, are sized for the maximum of design cubic meter per minute (cubic feet per minute) at 110 percent design static pressure, but not to exceed 187 Pa (3/4 inch water gage) additional pressure.

2.
Fans and motors shall be capable of stable operation at design conditions cubic meters per minute (cubic feet per minute) and 110 percent pressure as stated above.

3.
Lower than design pressure drop of approved individual components may allow use of a smaller fan motor and still provide the safety factor. When submitted as a deviation, a smaller motor may be approved in the interest of energy conservation. Such a deviation shall not qualify for any value engineering incentive claim or reward. 

4.
Select fan operating point to right hand side of peak static pressure point and near the peak of static efficiency. 

5.
Operating Limits: AMCA 99.

F.
Units shall be constructed by a manufacturer who has been manufacturing air handling units for at least five (5) years.

G.
Units shall be shipped in one (1) piece where possible and in shrink wrapping to protect the unit from dirt, moisture and /or road salt. Shipping splits can be provided as required for installation. Lifting lugs will be supplied on each side of the split to facilitate rigging and joining of segments. 

1.4. SUBMITTALS: 

A. Submit shop drawings and product data in accordance with the following:

B. Submittals shall include:

1. Dimensioned plans, elevations, and details including motor starter and control cabinets required clearances and location of all field connections.  

2. Summary of all utility requirements such as: electricity, chilled water, steam, brine, air, etc.  Summary shall indicate quality and quantity of each required utility.

3. Ladder type schematic drawing of the power and ancillary utility field hookup requirements, indicating all items that are furnished.

4. Manufacturer's performance of each unit.  Selection shall indicate, as a minimum, the following:

a.
Input data used for selection.

b. Model number of the unit.

c.
Net capacity for all heat transfer coils stating conditions used.

d. Rated load amp draw.

e. Noise levels produced by equipment.

f. Fan curves, shown on a family of curves diagram.

g.
Approximate unit shipping weight for each section

h. Finish and color chart.

i.
Filter areas and velocities.

C.
Maintenance and operating manuals in accordance with Section 01 00 00, GENERAL REQUIREMENTS. Include instructions for lubrication, filter replacement, motor and drive replacement, spare part lists, and wiring diagrams.

1.5 APPLICABLE PUBLICATIONS 

A.
The publications listed below form a part of this specification to the extent referenced. The publications are referenced in the text by the basic designation only.

B.
Air‑Conditioning and Refrigeration Institute (ARI):

260-01
Sound Rating of Ducted Air Moving and Conditioning Equipment 

410‑01
Standard for Forced-Circulation Air-Heating and Air-Cooling Coils

430‑89
Standard for Central Station Air Handling Units

ARI‑DCAACP
Directory of Certified Applied Air Conditioning Products

C.
Air Moving and Conditioning Association (AMCA):

210‑00
Laboratory Methods of Testing Fans for Rating

D.
Anti‑Friction Bearing Manufacturer's Association, Inc. (AFBMA):

9‑90
Load Ratings and Fatigue life for Ball Bearings

E.
American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE):

51‑01
Standard, Laboratory Methods of Testing Fans for Rating 

F.
American Society for Testing and Materials (ASTM):

A653/653M-02
Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process

B117‑97
Salt Spray (Fog) Testing

C1071‑00
Thermal and Acoustical Insulation (Mineral Fiber, Duct Lining Material)

D1654‑00
Standard Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments

D1735‑97
Water Resistance of Coatings Using Water Fog Apparatus

D3359‑95
Standard Test Methods for Measuring Adhesion by Tape Test

E84‑01
Surface Burning Characteristics of Building Materials

G.
Anti‑Friction Bearing Manufacturer's Association, Inc. (AFBMA):

9‑90
Load Ratings and Fatigue life for Ball Bearings 

H.
Military Specifications (Mil. Spec.):

DOD-P-21035A-77
Paint, High Zinc Dust Content, Galvanizing Repair

I.
National Fire Protection Association (NFPA):

90A‑99
Installation of Air Conditioning and Ventilating Systems

1.6 Warranty

Manufacturer guarantees its products against any manufacturing or material defect for one year. This warranty covers the repair and/or replacement of defective parts (excluding labor) that have been subjected to regular use and maintenance. The warranty starts from the invoice date for a period of:
Part 2 – Products

2.1 AIR HANDLING UNIT TAGGED: AHU-AMB-1
2.1.0 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements, all air handling units shall be Air Enterprise as basis of design. Other manufacturers offering similar products may be incorporated, they include and are limited to, the following:

1. Air Enterprises

2. Buffalo Forge 
3. Ingenia 

4. Ventrol

5. TMI

6. Or Approved by Engineer

 NOTE:  Unit must meet the American made construction guidelines to meet the  

        American made requirements.

2.1.1 MANUFACTURED UNITS

A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, damper, plenums, filters, drip pans, mixing dampers, sound attenuators, diffusion plate, humidifier, and other accessories as indicated on drawings or schedules.

B. Motor and Electrical Components:  Refer to Division 15 Section "Electrical Requirements for Mechanical Equipment."

C. Filters Components:    

2.1.2
GENERAL
A. This specification covers the performance requirements and the material/construction requirements of custom-built air handling units.  The detailed performance and data sheets and/or equipment schedule drawings are considered part of this specification.

B. Warranty: The manufacturer shall provide the parts warranty for equipment manufactured by him and all vendor supplied components.  Said warranty shall cover replacement of all defective parts for a period of 12 months from equipment start up, not to exceed 18 months from date of shipment.

C. Submittal: Shop drawings and submittal data shall be provided for review by the successful manufacturer. The submittals and shop drawings shall be complete in all respects including the following information:

1. Overall unit dimensions and individual components and section dimensions.

2. Shipping and operating weight of unit and/or sections.

3. Materials of construction.

4. Cross section details of typical wall, floor and roof construction.

5. Component equipment data as detailed in component specification section.

6. Unit performance data including sound data.

7. Details of coil support in a coil bank.

8. Piping connection sizes and locations.

9. Door and window sizes and elevations.

10. Drain pan details.

11. Operating and Maintenance Data

D. Product Delivery, Storage and Handling
All equipment shall be delivered to the job site suitably packaged and protected for overland trucking using heavy duty protective shrink wrap plastic.  Where multiple units are required, a schedule of priority will be furnished which shall determine the manufacturing and delivery sequence.  In general, units shall be delivered in one piece unless indicated otherwise.  Where building constraints, unit size or trucking limitations require that units shipped in more than one piece, the manufacturer shall indicate all split points on the shop drawings.  All items shipped loose such as filters, steam humidifier assemblies, caulking, etc. shall be itemized on the shipping ticket and be suitably secured in the unit or on a separate pallet.

E. General Design Considerations
Coils shall be arranged so that space between coils is a minimum of 24”, unless specifically shown otherwise on drawings.  Fan compartment shall be arranged such that the space between the fan inlets and the housing is a minimum of 75% of fan diameter, unless noted or shown otherwise on the schedule or drawings. Coil assembly shall have provisions to facilitate total or partial removal from coil bank. Coil pull should be thru pipe chase/access door assembly. Housing shall be designed and sealed to minimize air and water vapor leakage.  Housing shall be designed and tested to meet maximum leakage of SMACNA class 5 when tested in accordance with the procedure outlined in the SMACNA HVAC Air Duct Leakage Manual.  Leakage test will be conducted at 1.5 times the supply fan and / or return fan unit operating static pressure, positive or negative depending on the unit configuration.  Factory testing shall be done on the assembled unit.  An owner's representative shall witness the test. Manufacturer to provide for expenses of two owner representatives to witness the test.

2.1.3 Unit Construction - MANUFACTURERS

A. Subject to compliance with requirements, provide air handling units as manufactured by:  Air Enterprises.  Base of Design:  
B. Alternate pricing based on pre-approved manufacturers will be considered if the following performance requirements and construction techniques are adhered to in all respects. Any substitutions shall be approved by the Architect/Engineer/Owner in writing ten (10) days prior to bid.

C. The unit manufacturer shall have been manufacturing custom built-up air handling units for a minimum of 10 years.

2.1.4 CUSTOM BUILT-UP AIR HANDLING UNITS

A. Custom built-up units shall be of the configuration, capacity and style as indicated on the drawings and Equipment Schedule and as specified herein.  Through properly designed access; ease of maintenance, removability of components, and unit serviceability shall be assured.  

B. The units shall be constructed for outdoor installation.  Units shall be roof-top mounted on structural base/curb described below. 

C. The units shall consist of: mixing section with dampers for outside air, return air and exhaust air for full economizer operation, pre-filter section with 35% filters and final filter section with 95% filters, HEPA filters (99.97%), steam heating coil section, humidifier section, cooling coil section (glycol chilled water), DX cooling coil, dehumidifying reheat coil, supply and return fan sections, air blender, sound attenuation section, UV lights, and discharge section.  Provide pipe chase with outside air intake plenum with louvers and electric closet for drives and pipe chase for control valve assemblies for steam coil, humidifier and cooling coil.  
D. Units shall be provided with a complete lighting system with switches and G.F.I. receptacles, damper operators furnished and installed on all dampers, and motor wiring to safety disconnect switches located at fans.  Provide compartment for V.F.D. (Variable Frequency Drives).

E. Unit shall employ aluminum material wherever possible (panels, bases, supports, safing, etc.) to reduce overall unit weight and minimize facility maintenance requirements.

F. Provide safing between internal components and unit casing to prevent air bypass.  All seams or voids between safing, components and unit casing shall be caulked and sealed airtight.

G. Provide hygienic unit design with interior suitable for washing down.  The use of support members framed within the unit casing which will allow for trapping of debris between the supports and casing will not be allowed.  Unit insulation must be completely encapsulated.

H. The unit is to be shipped factory assembled in one complete section, when possible.  If necessary to ship the unit in sections, due to rigging or shipping constraints, the unit is to be designed to minimize the number of sections.  The unit sizes shown on drawings are established based on unit performance, structural, and access requirements and are not to be altered.
2.1.5 UNIT BASE

A. The unit shall be constructed on an all-aluminum base.  The base shall be designed to distribute loads properly to a suitable mounting surface and be braced to support internal components without sagging, pulsating or oil canning.  Provide all steel at section joints.

Galvanized steel bases or painted steel bases will be considered an acceptable alternate subject to the following requirements: galvanized materials must be treated with ‘cold’ galvanizing at all broken or sawed edges; painted steel bases shall be sandblasted, prime-coated, then finish coated with two (2) coats of epoxy; base surface shall be cleaned and repainted following installation prior to owner acceptance.  In either case, manufacturer shall provide a 10-yr. warranty against corrosion of floors and members to Owner. 

B. The entire unit base shall be fully welded and guaranteed waterproof.

C. The base floor shall be minimum 3/16” thick aluminum plate fully welded at all joints and to structural members.  The base floor shall be designed for a minimum live load of 100 pounds per square foot throughout the unit.  The base floor is to be supported with adequate stiffening members to prevent oil canning.  Caulking, gaskets and mechanical fasteners to guarantee seals and water tightness of joints will not be acceptable.

D. The perimeter support members shall be a minimum of 18” structural member properly sized to support all major components and the housing during rigging, handling and operation of the unit.  The curb shall be open for the use of a return air plenum.

E. The underneath side of the base pan and base perimeter shall be insulated with minimum 2” thick 3.0-pcf high density fiber insulation covered with a vapor barrier.  Vapor barrier material is to be continuous with no seams.  The bottom of the chase and plenum shall be 0.040” thick aluminum sheet attached to the bottom of the base and in the pipe chase.  The duct plenum shall be support to eliminate any duct canning.

F. Each section of the unit base shall contain a minimum 1” NPT drain to facilitate system washdown, maintenance and condensate removal.  Areas in the base where potential standing water cannot be removed through drains or weep holes are not acceptable.  Clean out drains shall be provided with removable caps of non-corrosive material.

G. All equipment within air handling unit shall be provided with a minimum 2" high base to raise equipment off unit floor for housekeeping.  Equipment mounted directly on unit floor is unacceptable. 

H. Supply air openings to be framed with 2” high water dam continuously welded to the pan to allow proper duct connections and to prevent moisture from entering the openings.  Framed openings shall be provided with removable aluminum or 304 stainless steel grating designed and fabricated for a live load of 100 pounds per square foot.  Galvanized or painted steel grating will not be accepted.

I. All unit base service openings shall be framed with a minimum 2” high water dam continuously welded to the floor.  All pipe and electric conduit chases with openings to building or elements shall be covered with thin gage aluminum or galvanized steel.  Penetrations by contractors shall be sealed by the respective contractor. 
J. Fastening to floor plate or joining of unit sections to be accomplished by bolting through gasketed joints above the floor line or continuously welding.  Fasteners which penetrate base floor plate are not acceptable.

K. Unit to be provided with properly sized and located removable lifting lugs for each section to adequately allow rigging of the unit sections in place. 

2.1.6 UNIT CASING

A. Air handling unit casing shall be built up from the unit base with panels.  The unit manufacturer shall be the manufacturer of the panel system. Panels shall be load bearing and capable of forming the enclosure without additional structural members.  Panels shall be joined together with independent joining member and fastened with closed end aluminum rivets.  Plated fasteners will not be accepted. 

B. All panels shall be double wall all-aluminum construction with minimum 0.040” aluminum exterior and interior skin thickness.  Interior finish to be smooth, mill finish; exterior finish to be a low-reflective textured mill finish.  Each panel shall contain an integral frame or be properly supported by aluminum framing system to provide an air and vapor tight seal at the interior and exterior skins to completely encapsulate the insulation.
C.
The minimum panel thickness shall be 2-1/2” thick with foam insulation. The insulation shall be completely encapsulated to provide a complete air and vapor seal.  Core material shall comply with NFPA 90A requirements.

D. Thickness of the panel skin, core density, rib spacing and mullion spacing shall be regulated to eliminate panel pulsation and restrict the maximum deflection to 1/200 of any span at design load of 1-1/2 times the design positive or negative pressure plus snow and wind loading.  Casings shall be built to exceed AMCA Class “C” requirements.

E. Casing system shall be guaranteed to assure the owner that system capacity, performance, and cleanliness standards specified are not compromised.  Leakage to be guaranteed at no more than 1/2% of the design volume at 1-1/2 times the design operating pressure or 30 CFM, whichever is greater.  

F. All casing walls shall be of panel construction, including the fan discharge walls, mixing section walls and divider wall to the access corridor.

G. Panel system shall incorporate an integral thermal break system through all sections of the unit such that there is no through metal path between the interior and exterior surface of the unit casing at all locations.  This thermal break is to eliminate any condensation on the unit exterior skin.  Panel to handle complete system pressure.  The thermal break shall consist of a minimum 1/2" structural epoxy bridge.  Adhesive tapes or gaskets do not constitute an acceptable thermal break.  Criteria to evaluate requirement for thermal break system shall be based upon scheduled unit performance and ambient conditions anticipated around the units.
H. Any equipment flashing, internal partitions or other attachments to the casing shall be made in such a way as to ensure a permanent leak-tight connection.  Attachments that are bolted, screwed, or welded to or through the casing creating air bypass, air leakage or rust propagation areas are not acceptable.

I. All ductwork penetrations through unit enclosure shall be provided with framed openings of size indicated on drawing.  All piping and conduit penetrations shall be provided with sleeves sealed watertight to unit casing; pipe penetrations through the unit casings shall be by the unit manufacturer and be properly sealed prior to leaving the factory.  Penetrations created by cutting through panels, compromising panel integrity, will not be acceptable.

J. Provide minimum 24” wide access doors for access to all internal components. See detail for location and section sizes.  Access doors shall be installed to open against the greatest pressure relative to air pressure on each side of access door.  See detail for door sizes.  


1.
Access doors shall be of the same construction as panels described above.  

2.
The access doors shall be guaranteed tight closing by the means of two continuous separate gasket seals around the entire periphery of the door or panel set at a beveled 45° angle to assure a true perpendicular, non-shearing compression fit. Gasket material shall be UV-resistant, closed cell neoprene; gaskets shall be attached by adhesive and not be mechanically held in place.  Single gasket seals or 90o gasket configurations will not be accepted.

3.
Each access door shall contain a thermopane safety glass window (min. 12” square). 

4.
Each access door shall have a built-in static pressure probe port with cap plug for ease of pressure readings across various internal components

5.
Each access door shall be mounted with a corrosion-resistant continuous piano hinge and shall have a least two (2) non-corrosive handles operable from either side.  The door handles shall include self-locking nuts and stainless steel hardware to assure a long term proper door operation.  Door handle striker plates shall be non-metallic high impact nylon with a notched “center position” to lock the handle in place.

K. Removable access panels shall be provided as indicated on the drawings for service and maintenance.  Access panels shall be of the same construction as panels described above.  Removable access panels shall be designed and constructed such that removal and replacement may be accomplished without disturbing adjacent panels.  Airtight integrity must be maintained.

2.1.7 ROOF SYSTEM

A. The entire roofing system shall be a polymer membrane permanently bonded to the unit roof with deck adhesive.  Membrane to be minimum 0.20” thick.  The roofing system shall be guaranteed for a minimum of 10 years including parts and labor.  

B. Roofs exceeding 8 ft. in any direction are to have peak in the center and be sloped a minimum of 1/4” per foot to each side to assure positive run-off.

C. Entire roof perimeter shall be provided with a minimum 2” wide and 2” deep continuous extruded aluminum or 304 stainless steel rain gutter system with downspouts to guide unit roof water run-off to the building roof. Units incorporating roof systems without controlled water run-off accommodations are not acceptable. 
2.1.8 OUTSIDE AIR SECTION

A. Outside air shall be admitted through storm-proof, extruded aluminum or galvanized steel louvers, minimum 6” deep with aluminum or stainless steel birdscreen.  

B. Louver to be provided with a low-leakage outside air damper.  Dampers shall be as specified below and shall be furnished and installed by the unit manufacturer.  Also provide an internal damper in mixed air section to modulate for the economizer.  

C. Outside air intake shall be sized for a maximum of 450 fpm.

2.1.9 EXHAUST/RELIEF AIR SECTION

A. Exhaust air shall be discharged through extruded aluminum or galzanized steel storm-proof louvers, minimum 3-1/2” deep with aluminum or stainless steel birdscreen and aluminum or stainless steel weatherhoods. (Two damper/louver assemblies shall be installed as shown on detail.) 

B. Louver to be provided with a low-leakage exhaust air damper.  Dampers shall be as specified below and shall be furnished and installed by the unit manufacturer. 

C. Exhaust/relief air discharge shall be sized for a maximum of 650 fpm.

2.1.10 MIXING SECTION
A. Complete with framed openings with low-leakage outside and two return air dampers.  Dampers shall be as specified below and shall be furnished and installed by the unit manufacturer.  One damper in return air section at floor with expanded aluminum grating and the second damper in fan section wall as shown.  

B. Outside air damper bank to be provided with an independent damper with independent control for minimum outside air applications.  Minimum outside air provided by controlling outside air damper bank to a minimum position will not be acceptable.  

C. Mixing section shall be designed for controlled mixing in that the proximity, relation, and air velocity for each respective damper shall be such that volume swings and stratification will be eliminated when operating on the full range of the economy cycle.

D. Provide return air plenum section under return fan as shown.  Plenum shall be integral of unit.  Provide opening in unit base of plenum.  Provide perforated liner and insulation 2” thick 1-l/2” density for acoustic control. 

2.1.11 DAMPERS

A. Dampers shall be low leakage, opposed blade design capable of withstanding 8” wg differential pressure at 2,000 fpm approach velocity.  Leakage rate not to exceed 6 CFM per ft.2 at 4” wg differential pressure and 2,000 fpm approach velocity. 

B. Damper frames shall be made of extruded aluminum.  Damper blades shall be extruded aluminum airfoil shape to withstand high velocities and static pressures.  Dampers shall be provided with stainless steel blade end seals and flexible synthetic blade edge seals. 

C. Damper actuators to be mounted by unit manufacturer.  Provide a minimum of one pneumatic damper actuator per 16 ft.2 damper area.  Damper actuators shall not control more than 16 ft.2. Damper actuator to be Johnson Controls - model D3153 or equal.  Actuators for dampers with modulating control to be provided with pilot positioners.

D. Acceptable dampers: Johnson D-1300 Airfoil, Arrow ‘AFD-20’, Ruskin ‘CD-50’ or equal. 
2.1.12 SUPPLY & RETURN FAN SECTIONS

A. Provide fans, motors and drives of number, size and capacity as required for air handling system indicated on drawings and as stated in these specifications.

B. Supply and Return fan sections shall be complete with SWSI, arrangement 3, plenum fans as per the following: Class II or III

1.
Fan unit shall be formed by welding heavy gauge steel inlet plate with spun inlet cones to steel angle frame.  Bearing supports shall be rigid and shall provide a firm foundation for the shaft and bearings.  Bearings supported from the fan housing will not be acceptable.  A square formed lip shall surround the unit, suitable for attachment of flex connector.
2.
Fan wheels shall be non-overloading, airfoil type.  Impellers shall be statically and dynamically balanced to a level of G6.3 (per ANSI 2-19) or better.  Hubs shall be straight bored, keyed and set screwed to the shaft.  Shafts are to be solid steel sized for first critical speed of at least 1.25 times the maximum speed for the class for class I and II fans and 1.42 times the maximum speed for class for class III and IV fans.

3.
Bearings are to be heavy duty, grease lubricated, anti-friction ball or roller, self-aligning, pillow block type and selected for minimum average bearing life (AFBMA L-50) in excess of 200,000 hours at the maximum class RPM.  All bearings shall be equipped with regreasable Zerk fittings and lubrication lines extended for easy access for lubrication.


4. Fan shall be provided with wire mesh protective wheel enclosure and heavy gauge wire inlet screen. In the event inlet vanes are provided, fan will not require inlet screens.

5.
Fan shall be cleaned, prime coated and provided with two coats of enamel final coat.

6.
Each fan shall be test run at their operating speed or at the maximum RPM for the particular fan’s construction class prior to shipment.  The fans are to be balanced and records maintained of the readings in the axial, vertical, and horizontal direction on each of the fan’s bearings. Final peak velocity measurements shall not exceed 0.1 in/sec.
7.
Acceptable fan manufacturers: Twin City Fan, New York Blower, Barry Blower, Loren Cook, Buffalo Forge/Howden, or approved equal.  

C. Motors shall be 1750 RPM, 460V/3ph/60Hz as per the following:

1.
Motor shall be premium efficient, TEFC enclosure, with cast iron housing and end bells.

2.
Motor shall be of HP as listed on schedule and be selected for a minimum of 10% over calculated BHP.  The motor service factor shall be a minimum of 1.15.

3.
Motor shall be designed for continuous duty operation, NEMA Design B with class F insulation.

      4.
The motor shall be suitable for operating with variable frequency drives without undue noise, vibration or deterioration of reliability and life.

    5.
Motors shall be “Inverter Ready” per NEMA Std. MG1 part 31.4.4.2 and labeled as such.

6.
Provide stainless steel nameplate indicating the following:


a)
NEMA efficiency index nominal efficient (MB1-12.53BO).


b)
AFBMA bearing numbers.

   c)
Lubrication instructions.

7.
Acceptable motor manufactures: Baldor, Marathon, or equal.

D. The entire fan assembly shall be centered in the airstream (both vertically and horizontally) in order to assure proper airflow through system. The fan assembly shall be provided with a minimum of 24” clearance on all unattached sides for proper service access. Fan inlets to be provided with a minimum clearance distance equal to minimum 75% of the wheel diameter. 

E. The unit manufacturer shall provide flexible connection between fan and fan wall.  Fan assembly shall be provided with thrust arrestors as required to prevent damage to the flex connection.  Flex connection material shall be flame retardant fabric suitable for intended use meeting the requirements of NFPA 90A. 

F. The fan and motors shall be factory-mounted on a spring type inertia vibration base.  The base shall be mounted on stable free standing spring isolators.


Springs shall be adjustable, open spring type isolators mounted with combination leveling bolt and equipment fastening bolt, with ¼” neoprene pad bonded to baseplate. Isolators shall have 3” deflection rating.  Spring efficiency to be not less than 98%. 

G. Motors shall be direct drive.
H. All features, as outlined above shall be provided in order to reduce fan system maintenance downtime and minimize equipment service.
I.
All fans shall have factory mounted fan-inlet airflow measuring station. Basis-of-Design:  Twin City Piezometer Ring Airflow Measuring System complete or equivalent with transducer.  Alternate Design:  Tek-Air, Vortek Series VT-7000 or equivalent electronic vortex shedding type airflow measuring system with transducer.  Double-width fans shall have two stations to provide total airflow measurement.  
2.1.13 FILTER SECTIONS

A. Provide all prefilters and final filters of number, size and capacity as required for air handling system indicated on drawings and as stated in these specifications.

B. Filters shall have nominal rating of 500 fpm.  Each cell shall be 24" x 24", or 12” x 24”.  Initial pressure drop shall not exceed that indicated.  Media shall be approved and listed as Underwriters Laboratories Class 2 when tested according to UL Standard 900 and as described below:

1.
Prefilters: 2" thick 30% efficiency (per ASHRAE Test Standard 52-76).

2.
After Final Filters: 12” rigid type, Hepa filters.

a.
The after final filters shall be HEPA type.  Only approved HEPA framing system shall be used.   Air filters shall be Farr model XH 12” deep HEPA grade high-capacity air Filters ( 24 x 24 rated for 2000 CFM at 1.35 w.g.) with waterproof micro glass fiber media, tapered corrugated aluminum separators, urethane sealant, a galvannealed 16-gauge steel enclosing frame, and neoprene sealing gasket. Filter media shall be one continuous pleating of micro glass fiber media. Pleats shall be uniformly separated by tapered corrugated aluminum separators incorporating a hemmed edge to prevent damage to the media. The media pack shall be potted into the enclosing frame through the use of a urethane sealant.  The enclosing frame of galvannealed 16-gauge steel, shall be bonded to the media pack and form a rugged and durable enclosure. The filter shall be assembled without the use of fasteners to assure no frame penetrations. Overall dimensional tolerance shall be correct within -1/8”, +0”, and square within 1/8”. A poured-in-place seamless sealing gasket shall be included on the downstream side of the enclosing frame to form a positive seal upon installation.

b.
The filter shall have a tested efficiency of 99.97% when evaluated under the guidance of IEST TEST A Recommended Practice RP-CC001. The Initial resistance to airflow shall not exceed 1.35” w.g. at rated capacity. Filter shall be rated by Underwriters Laboratories as UL Class 1. The filter shall be capable of withstanding 10” w.g. without failure of the media pack. The filter shall be labeled as to tested efficiency, rated/tested airflow, pressure drop and shall be serialized for identification.

c.
Holding frames shall be Farr Magna Frame type III GEL SEAL constructed of 14-guage 304 SST. Frames shall be bolted and include centering dimples, pre- drilled mounting holes, knife-edge filter sealing flange and swing bolt assemblies. An appropriate number of swing bolts to match air filters shall also be included. Sizes shall be as noted on drawings or other supporting materials. Filter frame shall be all-welded construction of 14- Gauge 304 SST. The frame shall include pre-drilled mounting holes to align frame-to frame and ensure built- up bank support.  Annular based centering dimples shall be an integral component to assist in proper seating of filter gel seal channel to frame sealing knife-edge. Assembly holes shall be within dimples to recess assembly fasteners. Additional filter receptacle guides on the top and bottom of the holding frame shall assist in filter alignment. Filter securing swing bolt assemblies, of the same construction as the frame, shall be offset to facilitate multiple filter installations. The assembly shall include appropriate swing bolts to match filter depth and equi-bearing clamps to allow uniform filter sealing. The sealing assembly shall create a scan capable filter to frame assembly seal.

d.
The cartridges shall be disposable and shall consist of reinforced synthetic fibers mounted in a galvanized steel frame system.

e.
Acceptable products: Farr XH Absolute or approved equivalent.

f. The unit manufacturer shall supply one set of HEPA after-filters (AF) at the time of shipment.  The contractor shall install the after-filters once construction is complete and the unit is ready for commissioning. If the filters become dirty during construction, the contractor shall replace the filters once construction is complete at no additional cost to the Owner.
g. Filter shall be Camfill Farr or approved equivalent.
3.
Final Filter: 12" rigid type 90% (per ASHRAE Test Standard 52-76), rigid disposable filter.

C. Filters shall be upstream removable.  Side access is not acceptable.  Pre-filter sections shall be complete with holding frames capable of holding prefilters with high efficiency filters. Prefilters shall be capable of being removed and installed without affecting seal of the high efficiency filter.  

D. Filter holding frames shall be installed and individually sealed to prevent leakage around frames.  Filter banks shall be reinforced with vertical stiffeners to assure rigidity.  Unit manufacturer shall provide aluminum flashing between filter banks and unit casings to prevent air leakage or bypass around the frames.  Installation techniques, sealing methods, and structural reinforcement eliminate unfiltered air bypass and assure system cleanliness based on filter efficiencies specified.

E. Unit manufacturer shall provide and install a Dwyer series 2000 magnehelic gauge complete with static pressure tips accessories for indicating the operating pressure drop of each filter bank.  Indicating range of gauge shall be selected at two times the final resistance of the filter bank.

F. Unit manufacturer shall provide two (2) sets of prefilter media and two (2) sets of final filter media with the unit for installation by others. 

G. Acceptable filter frame and filter manufacturers:  Farr, American Air Filter.

2.1.14 HOT WATER REHEAT/DEHUMIDIFICATION COIL
A. Provide hot water reheat coils of number, size and capacity as required for air handling system indicated on drawings and as stated in these specifications.  

B. Hot water reheat coils shall have minimum 0.035" thick and .035 u-bends, 5/8" diameter, copper tubes, 0.0075" aluminum fins, nonferrous headers with min. 1/2” dia. MPT drain and vent connections.  Coil casings shall be minimum of 16 gauge 304 stainless steel.  Coil fin spacing shall not exceed 12 fpi.

C. Coils to be selected with maximum face velocity of 500 fpm; maximum head pressure loss of 22 ft.  

D. Coils shall be circuited to provide the required performance; the use of internal restrictive devices, or turbulators, to obtain turbulent flow will not be acceptable.


E. Coils shall be tested to 250 psig under water and shall be guaranteed for 200 psig working pressure.

F. Coils shall be individually supported by an all-aluminum rack system. This rack shall allow any one (1) coil to be removed though the unit casing, normal to the direction of air flow, without disturbing any other coil. Coils stacked one on top of the other will not be accepted. 

G. Supply and return connections for the hot water reheat coils are to be extended and sealed through the casing wall; drain and vent connections shall be piped with ball valves and hose bibs for the drain. 


H. Provide removable access panels in the unit casing on each side of the unit for ease of coil removal.
I. Provide all associated hot water reheat coil piping and valving.  See drawings for valving and hydronic specialties.  All work must be completed, tested, and ready for operation.  

J. Capacity shall be as per schedule on drawing.  
K. Acceptable coil manufacturers:  Aerofin, Heatcraft, RAE Corporation
2.1.15 STEAM HEATING COILS 

A. Provide steam heating coils of number, size and capacity as required for air handling system indicated on drawings and as stated in these specifications. 

B. Coils shall be non-freeze type heating coils.  Coils shall have 1” seamless copper condensing tubes and 5/8” OD seamless copper distribution tubes, 0.025” tube wall thickness, 0.0095” copper fins, steel headers and minimum 1/8” aluminum or 16 gauge galvanized steel casing. Coil fin spacing shall not exceed 10 fpi. 

C. The coil design shall allow for one end of the tubes to be free floating to allow for expansion.

D. Coils to be selected with maximum face velocity of 750 fpm; maximum tube length of 10 ft.

E. Complete coils shall be tested to 315 psig under water and shall be guaranteed for 250 psig working pressure.

F. Coils shall be individually supported by an all-aluminum rack system. This rack shall allow any one (1) coil to be removed though the unit casing, normal to the direction of air flow, without disturbing any other coil.

G. Supply and return connections are to be extended and sealed through the casing wall; drain and vent connections shall be piped with ball valves and hose bibs for the drain. 

H. The condensate connections shall be a minimum of 18” above the unit base to allow for proper trapping.  

I. Acceptable coil manufacturers:  Aerofin, Heatcraft, RAE Corporation, or equal approved by Engineer ten days prior to bid.

2.1.16 (DX) DIRECT EXPANSION COIL

A.
The (DX) cooling coil shall be constructed the same as the hot water reheat coil. 
B.
Brass liquid distributors shall be factory-mounted of the pressure type to be furnished.  Coil shall be a single circuit.  

C.
Capacity shall be as per schedule on drawings.  
D. Each coil shall include a sloped, positive-draining 304 stainless steel condensate pan assembly.  Drain pan to be constructed from minimum 18 gauge thick stainless steel material.  Coils shall set above the condensate pan for ease of removal.  Intermediate condensate drain pan shall be minimum 1-1/2” deep; extending at least 3.5" upstream and at least 12" downstream of the coil face.  Each drain pan shall be individually piped to the exterior of the unit.  Drain pan to be provided with a drain connection of sufficient size to remove condensate.
E. Unit manufacturer shall assure no moisture carryover from coils at design conditions.  Where necessary to prevent moisture carryover, each coil shall have aluminum or stainless steel moisture eliminators provided on the downstream side.  Cooling coils condensate pans shall be designed and manufactured to incorporate future eliminators without any field modification.
2.1.17 HUMIDIFIERS

A. Provide steam dispersion humidifier of size, arrangement, and capacity as required for air handling system indicated on drawings and as stated in these specifications. 

B. Use ‘Ultra-Sorb’ type distribution device.  Air handling manufacturer shall be responsible for proper absorption distance for steam between humidifier and downstream components.

C. ‘Ultrasorb’ dispersion panel to be provided with 304 stainless steel casings.
D. Humidifier is to be provided with following accessories:

1.
F&T (or bucket) traps as required for manifolds and separator.

2.
Y-type strainer for steam supply line.
3. Modulating control valve.  Verify with controls contractor for interface and voltage requirements.  
E. Acceptable humidifier manufacturers:  Dri-Steem, Armstrong, or equal approved by Engineer ten days prior to bid.  

2.1.18 ULTRA VIOLET LIGHT – UFHO SERIES HIGH OUTPUT UTILITY FIXTURE

A.
American Ultraviolet series UFHO “High-output” utility fixtures are designed specifically for HVAC applications and can be mounted in arrangements for pass-by air decontamination as well as for cooling coil and drain pan irradiation.  They can be mounted to plenum walls or to frame assemblies spanning supply ducts or cooling coils.  

B.
These fixtures are offered in single or dual lamp configurations as well as in “standard” or “moisture proof” constructions.  Five sizes are available, in each configuration, ranging from 19” in total length to 65” in total length.  

C.
Each UFHO fixture is factory assembled and tested prior to shipment.  Each assembly consists of a ballast housing, reflector, electronic ballast, lamp holders, and high output lamp(s).  Housings are constructed of heavy gauge hospital grade stainless steel.  Reflectors are fabricated from the highest grade polished aluminum lighting sheet material, which has a reflectivity rate of 88% when exposed to short-wave UVC in the range of 254 nm.  

D.
The solid-state electronic ballast, furnished with this series, is a Class P rapid start with a power factor minimum of .95.  It is available as a 120 VAC 60 Hz and is designed to maximize photon production in air temperatures of 35 to 175 degrees F.  Minimum ballast start temperature is minus 20 degrees F.  Ballasts have a RFI EMI rating as defined by FCC part 18A for industrial/commercial applications in regards to suppression.  Ballasts are UL listed.  

E. “Standard” construction units incorporate one fixed and one compression style lamp holder made from UV resistant polycarbonate material for shielding the lamp end and prevent shorting.  “Moisture-Proof” units have the lamp(s) supported inside of a quartz sleeve by means of a spacer ring.  These units then have power connecting cords to each lamp end that incorporate flexible boots that fit securely over each sleeve end to seal unit.  

F.
UFHO series UVC lamps are of the high-output variety, T5 tube diameter, medium bi-pin, and are constructed from hard glass tubing for superior UV transmittance.  UFHO series lamps produce no ozone.  Electrodes are designed to maximize plasma convection and stability for superior lamp performance.  Lamps are rated to produce 10 microwatts/cm2 per linear inch of lamp arc length at a distance of one meter.  This output has been independently tested in airstreams of 400 feet per minute velocities at temperatures of 45 degrees F.  See following pages for dimension drawings of available sizes and configuration.  

2.1.19 DISCHARAGE PLENUM SECTION 

A.
Provide expanded structural aluminum grating in floor opening unit on each supply air discharge opening.  
2.1.20 STRUCTURAL STEPS 
A.
Provide structural steps on both ends of service corridor.  Steps shall have structural grating to support equipment.  Replacement components are to be carried in through the doors.  
2.1.21 ELECTRICAL
Note:  All wiring in unit both internally and externally to be in conduit. All electrical work shall be installed in full compliance with the National Electric Code, and all local codes and requirements. Where applicable, components shall be UL approved.  All wiring and components inside air handling plenums shall be weatherproof and rated for such use.  All equipment shall contain a grounding conductor.

1.
WIRING: 600 volt rated, type, #12 THHN copper (minimum size).

2.
CONDUIT: EMT conduit, minimum 3/4” dia. utilizing compression type fittings.  Conduit and wiring for lights, motor, and receptacles shall be mounted on the exterior of the unit except final connection to power conduit drop to the motor.  Any exposed conduit inside the air handling unit shall be liquid-tight flexible metallic conduit.  All conduit penetrations in the unit housing and penetrations across the cooling coil sections and humidifier sections shall be internally sealed with foam sealant to prevent the migration of water vapor in the conduit. 

A. Unit manufacturer shall furnish, install and wire a complete lighting system to one (1) identified 120 volt feed location. Lighting system to include light fixtures, switches, and a GFCI receptacle per the following:

1.
LIGHT FIXTURES: vapor tight incandescent marine type guarded service light fixture, 100 watt (A-21) R.S. bulb.  Each access section to be provided with minimum of one (1) light fixture.  Fan sections and filter sections to be provided with minimum of two (2) light fixtures.  Access corridors to have a minimum of three (3) light fixtures.
2.
LIGHT SWITCHES:  20 AMP, single pole, specification grade, toggle switch in lug type device box with weatherproof cover.
3.
GFCI CONVENIENCE OUTLETS: 20 AMP, specification grade, NEMA 5-20R, duplex receptacle in lug type device box with weatherproof cover.  Unit to be provided with three (3) convenience outlets on unit exterior at the fan section and both filter bank sections.

B. Unit manufacturer shall furnish, install and wire a disconnect switch for each fan motor to one (1) identified 460 volt feed location.  Final connection to motors shall be made through Sealtight flexible conduit.

1.
FAN MOTOR DISCONNECTS: 3 pole, 600V, horsepower rated, heavy duty, visible blade, non-fused, NEMA 4, safety switch with 2 pole control circuit interlock if used in conjunction with variable speed drive.

2.1.22 TESTING 
A.
General:  

1. ARI certified AHU:  The following AHU’s shall be factory assembled and tested prior to shipment and shall be shipped prior to any untested units.  Substitutions for AHUs listed below may be made with VA approval.  

2. AHU No. 6C-2.

3. Non-ARI certified AHU:  All units shall be factory assembled and   tested.

4. Units specified to be tested shall be factory assembled and tested in accordance with specified Test Procedure to demonstrate compliance with required unit capacities, ensure correct fit of all components and minimize field assembly labor.  

B. Factory Test:  

1. General:  The test procedure, instrumentation and calculation shall use those methods specified in Specification Section 15980, TESTING, ADJUSTING AND BALANCING, however test methods including instruments used must be submitted and approved by VA prior to initiating testing.  The AHUs shall be tested for air volume, static pressure for AHU and each component, fan RPM and power consumption for the maximum of present or future design conditions.  Submit fan curves showing test results.  

2. Test Procedure (Airflow):  

a.
Provide straight runs of full size ducts at inlet and discharge of AHU with lengths equal to 2-l/2 times fan diameter and with volume dampers to adjust static pressure located at ends.  Locate a four-point static pressure sensor 2/3 the distance down the discharge duct and connected to an inclined manometer to be used to measure external static pressure.  

b.
Six static pressure tap sensors shall be located on both entering and leaving sides of cooling coil and a Meriam micro manometer used to read cooling coil pressure drop.  Unit cubic feet per minute may be determined by dry coil air friction curve.  

c.
Adjust dampers to compensate for variations in pressure drops due to clean vs. dirty filters, dry vs. wet cooling coils, and as required to simulate fan design conditions. 

d. Drain connections shall be plugged.  Piped connection openings shall be sealed.

e. Correct cubic feet per minute, static pressure and horsepower to standard air conditions of 0.075 lbs. per cubic foot density, 70°F temperature, and 29.92” Hg barometric pressure at sea level.  Measure supply air wet bulb and dry bulb temperatures.  Obtain barometric pressure readings from local airport.  

f.
Determine fan motor horsepower consumption by use of wattmeter, voltmeter, ammeter and obtaining motor efficiency from manufacturer.  Refer to standard testing and balancing procedure. Determine fan RPM by use of tachometer.  

g. Obtain values for the items in the following formula.  (Fan Total Static Pressure = External Static Pressure + Specified Internal Losses + Unspecified Internal Losses).  Refer to AHU schedule on the drawings for additional information.  

C.
Approval:


1. Tests shall be witnessed by the Contracting Officer or authorized    

         representative.  Contractor shall provide the VA with a minimum two week notice prior to proposed schedule test.  

   2. Failure of AHU to meet test requirements shall require correction of deficiency and re-testing of unit.

Submit written results of factory tests for approval prior to shipping. 

2.1.23 AIR MIXERS

A. As shown on the plans, provide air mixers to reduce air stratification downstream of the mixer sections.

B. The air mixers shall be manufactured by a well established manufacturer who has thoroughly tested and documented performance information data.

A. The air mixer blades shall be fixed and made of heavy gauge aluminum.

B. Air mixers shall be Blender Products, no exceptions.  The air mixers shall be installed in the unit according to the manufacturer’s recommendations. 
PART 3 - EXECUTION

3.1 
START-UP

A. Manufacturer's Field Inspection:  Engage a factory-authorized service representative to perform the following:

1. Inspect field assembly of components and installation of central-station air-handling units including piping, ductwork, and electrical connections.

2. Prepare a written report on findings and recommended corrective actions.

B. Final Checks before Startup:  Perform the following before startup:

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

2. Verify that unit is secure on mountings and supporting devices and that connections for piping, ductwork, and electrical are complete.  Verify that proper thermal overload protection is installed in motors, starters, and disconnects.

3. Perform cleaning and adjusting specified in this Section.

4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify free fan wheel rotation and smooth bearings operations.  Reconnect fan drive system, align belts, and install belt guards.

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended lubricants.

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

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

8. Set outside-air and return-air mixing dampers to minimum outside-air setting.

9. Comb coil fins for parallel orientation.

10. Install clean filters.

11. Verify that manual and automatic volume control, and fire and smoke dampers in connected ductwork systems are in fully open position.

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

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust fan to indicated rpm.

a. 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.

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

D. Operation and Maintenance Manuals: Manual shall be provided complete with descriptive literature, model, and serial number of all equipment, performance data, manufacturer's instructions for operating and maintenance and lubrication recommendation and schedule.

3.2 DEMONSTRATION

A. Engage the services of a factory-authorized service representative to train Owner's maintenance personnel on procedures and schedules related to startup and shutdown, troubleshooting, servicing, and preventive maintenance in accordance with Section 01 00 00, "General Requirements".
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