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BUILDING NO.	SC#
PROJECT NAME


SECTION 233416 – CENTRIFUGAL HVAC FANS

GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
Backward-inclined centrifugal fans
Airfoil centrifugal fans
Plenum-type unhoused centrifugal fans
Fume exhaust fans
Utility/vent sets
Drives
Belt guards
Access doors
Scroll drains
Related Sections:
Division 01 Section "General Requirements."
Division 01 Section "Special Procedures."
Division 23 Section "Common Results for HVAC".
Division 23 Section "Common Motor Requirements for HVAC Equipment".
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment".
Division 23 Section "Ductwork Insulation".
Division 23 Section "Central Station Air Handling Units with Coils".
Division 23 Section "Ductwork".
Division 23 Section "Testing, Adjusting, and Balancing for HVAC".
Division 26 Section “Variable Frequency Drives”.
REFERENCES
General:
The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.
Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.
Refer to Division 23 Section "Common Results for HVAC" for codes and standards, and other general requirements.
Air Movement and Control Association, Inc. (AMCA):
AMCA 99  	Standards Handbook
AMCA 210  	Laboratory Methods of Testing Fans for Rating
AMCA 300  	Reverberant Room Method for Sound Testing of Fans
AMCA 301  	Methods for Calculating Fan Sound Ratings from Laboratory Test Data
Anti-Friction Bearing Manufacturers Association (AFBMA):
AFBMA 9  	Load Ratings and Fatigue Life for Ball Bearings
AFBMA 11  	Load Ratings and Fatigue Life for Roller Bearings
Sheet Metal and Air Conditioning Contractors’ National Association, Inc. (SMACNA):
SMACNA  HVAC Duct Construction Standards
PERFORMANCE REQUIREMENTS
Fans used shall not decrease motor size, increase noise level, or increase tip speed by more than 10 percent, nor increase inlet air velocity by more than 20 percent, from specified criteria.  Fans shall be capable of accommodating static-pressure variations of 10 percent.  Fan motors shall be non-overloading through the entire range of operation.  No change in motor size is allowed without approval from the University.
Base performance on sea level conditions.
SUBMITTALS
Submit under provisions of Division 23 Section "Common Results for HVAC, Review of Materials and Division 01 Section "General Requirements."
Product Data:
Manufacturer’s literature on centrifugal fans and required accessories.  Submit manufacturer's product data for each component specified. Include construction material, capacity, component dimensions, configurations, utility and service requirements and locations.  Submit complete list of material and equipment proposed for the Project.
Electrical Device Listing: All delivered electrical equipment, components and conductors shall be accepted, or certified, or listed, or labeled, or otherwise determined to be safe by a Nationally Recognized Testing Laboratory (NRTL) recognized by the Occupational Safety and Health Administration (OSHA), in accordance with Title 29 of the Code of Federal Regulations, Part 1910 (OSHA 29 CFR 1910).  The Supplier shall notify the University Procurement Representative or the University Technical Representative, if designated, in writing of any delivered items that do not meet these requirements. If the Supplier does not provide this notification, the University reserves the right to refuse delivery or return the item.
Certified fan curves from shutoff to free delivery with specified operating-point clearly plotted.  Correct ratings for temperature and altitude where applicable.
Sound power levels for both fan inlet and outlet at rated capacity.
Confirmation of compatibility between fan and variable-frequency drive.
Operation and Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare parts list, and wiring diagrams.  The O&M Manual must be specific to the equipment provided including specific model number and serial number.  The O&M Manual for the specific equipment shall be submtted within 30 days of placing orders for the equipment.  Generic O&M manual for the equipment is no acceptable.
QUALITY ASSURANCE
Performance Ratings:  AMCA 210.
Sound Ratings:  AMCA 301, tested in accordance with AMCA 300.
Fabrication:  AMCA 99.
DELIVERY, STORAGE, AND HANDLING
Deliver to site, store, and protect products under provisions of Division 23 Section "Common Results for HVAC", Part 1.16 Material Delivery and Storage.
Protect motors, shafts, and bearings from weather and construction dust.
PRODUCTS
CENTRIFUGAL FANS, GENERAL
Performance:  As scheduled on the Drawings.
Provide direction of rotation, discharge direction, and arrangement conforming to the layouts shown on the Drawings.
Provide AMCA certified rating for performance and sound based on testing in an AMCA accredited laboratory.
Wheels:
Steel.
Centrifugal fan blades continuously welded to the backplate.
Air foil, backward inclined or forward curved, as scheduled.  See Drawings.
Hub keyed to shaft with set screws.
Housings and bases (where applicable):
Heavy gauge steel in accordance with AMCA 99.
Inlets:  Fully streamlined, with connection flanges or collars.
Outlets:  Flanged.
Brace to prevent vibration or pulsation.  Centrifugal fans are to be braced on the sides of the housings shall consist of structural angle iron extending the complete height of the unit.
Continuously welded throughout.  Spot welding is not acceptable.
Fans shall be complete with a structural base supporting the fan and motor.
Factory paint with prime coat and enamel finish.
Bearings:  
Heavy duty, split spherical roller in a one piece cast iron housing, or a double row spherical roller type in a two piece cast iron pillowblock for 18 inch wheel size and up.  One piece housings and bearings for smaller sizes.
Minimum L-10 life of 200,000 hours at maximum speed of fan's AMCA class.  
Support on heavy structural supports down to the structural base member of the fan.  
Balance:
Make both a static and dynamic balance after fan assembly at the factory.
Vibration Amplitude:  Factory test and provide report.

	
	Maximum Peak-to-Peak
(Unless otherwise specified)

	RPM
	Displacement - Mils

	Less than 600
	4

	600 - 1,000
	3

	over 1,000
	2


See Division 23 Section "Testing, Adjusting, and Balancing for HVAC".
Provide accessories and options as specified below and as shown on the Drawings.
Provide all OSHA approved guards and screens as required by applicable codes.
Provide access points for shaft and motor RPM readings without disassembly.
Motors and drives shall be completely enclosed, ventilated and weatherproof for outdoor applications.
Type A, B or C spark resistant construction per AMCA 99, Standard 401, as specified hereinafter.
Exterior finish to be zinc-rich primer plus acrylic enamel or epoxy finish coat.
Interior finish to be same as exterior finish unless specified otherwise.
Where scroll drains are required, they shall be at the low point in the side panel and shall have a threaded connection.
Extended grease lines where bearings are not readily accessible.
Weather covers for shafts, bearings, motor, and drives for fans at outdoor locations.
AIR HANDLING UNIT PLENUM FANS
Solid steel shafts.
AHU-1, 2:  AMCA Arrangement 3 with belt drives.
AHU-3:  AMCA Arrangement 4 with direct drive.
Direct drive units are to have the wheel widths custom trimmed to match requirements of motor RPM.
Fans to have Vari-Cone, or equal, device arranged to work as a flow shut-off device when the fan is not in operation.  The device is to be electrically actuated from a signal from the Facilities Monitoring and Control system.  The actuator is to be included and is to be 120V.  Coordinate signal requirements with the Facilities Monitoring and Control System.  When open, the device is to allow unimpeded full capacity air flow to the fan.  When closed, the device is to stop air flow through the fan. There shall be end switches to indicate full open and full closed positions.
Provide removable protective cage over the fan wheel and removable cage over drives and sheaves.
Provide each fan with air quantity measuring at the inlet bell consisting of sensors forming a piezomatic ring capable of measuring differential pressure.  Include CFM vs. differential pressure data.
Acceptable Manufacturers - Air Handling Unit Plenum Fans:
Temtrol, Greenheck, Twin City,
Or equal.
SPECIFIC FAN TYPES
Return Air Fan:  BL-xxx-bldg no.
Barry Blower, Trane or equal.
Arrangement shall be AMCA, 10, vertical discharge.
Wheel shall be all aluminum, or steel.
Support frame shall be all welded structural steel.  
Provide expanded steel mesh protective enclosure with externally mounted motor and belt guard.
General Laboratory Exhaust Fans:  BL-xxx-bldg no.
Barry Blower, Trane or equal.
Arrangement 10.
Slide outlet scroll drain at lowest part of fan.
Hinged access panel.
Class C spark-proof construction.
Aluminum wheel.
316 stainless steel shaft.
All parts in contact with the air stream to have corrosion resistant coating as specified in Division 23 Section "Metal Ducts" for fume exhaust ducts or stainless steel.  No bolt leads or threads shall protrude inside tall scroll and all welds and edges shall be radius ground.
Welded inlet and discharge flanges covered with the same coating or stainless steel.
Balance fan wheel before and after application of coating.
TEFC motor.
Weatherproof belt drive and sheave covering.
Elevator Machine Room Exhaust Fan:  BL-xxx-bldg-no.
Penn Ventilators Inc., Greenheck, or equal.
Cabinet exhaust fan with insulated housing, exhaust air grille.
FUME EXHAUST FANS
Each fan shall be belt driven in AMCA arrangement 10.  Motors shall be isolated from the primary exhaust air stream and shall be visible and accessible from the fan exterior for inspection and service.
Fan impellers shall be centrifugal, backward inclined, of airfoil design and shall be manufactured of steel and coated with a minimum of 4-6 mils epoxy.  The impellers shall have non-stall and non-overloading performance characteristics with stable operation at any point on the fan curves.
Fan housing to be aerodynamically designed with high-efficiency inlet, engineered to reduce incoming air turbulence, and manufactured of coated steel with a minimum of 4-6 mils epoxy.  No uncoated metal fan parts are allowed.  Minimum AMCA C spark-resistant rating.
Discharge shall be flanged and shall have a flanged factory flexible connector suitable for connection between the flanged fan outlet and the field provided flanged extension discharge duct.
A flanged bifurcated fiberglass reinforced plastic (FRP) discharge nozzle shall be supplied by the fan manufacturer and be designed to efficiently handle an outlet velocity of up to 7200 FPM.  The discharge shall include a venturi and windband to induce ambient air up to 270 percent of fan capacity.  The nozzle shall be suitable for field installation on a field provided flanged extension discharge duct.  Submit discharge volumes for all fans at specified primary exhaust flow and discharge plume height at specified wind velocity.
Provide housing drain attached at the lowest point for condensation removal.
Fans to be equipped with lifting lugs.
Fan stand to be coated steel with a minimum of 4 mils epoxy.
Fasteners shall be 316 stainless steel.
Provide a bolted access door for impeller inspection and service on each fan.
Electric motors:  See Division 23 Section "Common Motor Requirements for HVAC Equipment", for requirements.
A NEMA 3R non-fused disconnect switch shall be provided, factory mounted and wired to the motor.  Motor maintenance shall be accomplished without fan impeller removal or requiring maintenance personnel to access the contaminated exhaust components.
Drive belts and sheaves shall be sized for 200 percent of the fan operating brake horsepower and shall be readily and easily accessible for service, if required.
Coated shaft to be ANSI C-1045 steel.  Fan shaft bearings shall be ball or spherical pillow block type, sealed to retain lubricant and exclude dust and air, selected according to bearing manufacturers recommendations, and sized for an L-50 bearing life of 200,000 hours.
Provide inlet mixing plenums:
Inlet plenums shall be provided as shown on drawings, custom sized to handle the number and size of duct connections shown on the drawings.  The panels shall be constructed of minimum 18 gauge galvanized steel.  There shall be at least one hinged access door per plenum with hasp for padlock.
The bypass air inlets shall be equipped with multi-section modulating opposed blade air damper and 24V actuator for automatic/VAV control located where shown on the drawings.  Provide 1-inch square stainless steel screen in front of the dampers.  All wiring and conduit shall be factory supplied for connection in the field.  Coordinate requirements with the Facilities Monitoring and Control System.
Low leakage fan inlet isolation dampers shall be fabricated of epoxy coated aluminum air foil extrusions.  Operators shall be 2 position, spring return and shall be 24V electric.  Damper linkage shall be externally accessible for manual closure.  The electric operator shall be field wired to open when the fan is energized and close via a spring return when de-energized.  When fans ship separate from the plenum, all wiring and conduit shall be factory supplied for connection in the field.  Coordinate requirements with the Facilities Monitoring and Control System.
Provide 14 gauge galvanized steel roof curbs to support the plenums.  The curb shall be minimum 14.  There shall be hold-down points for connection to the structure.
Acceptable Manufacturers – Fume Exhaust Fans: 
M. K. Plastics Corporation, model Axijet High Plume Dilution Fan
Greenheck, model Vektor Laboratory Exhaust Fan
IN-LINE CENTRIFUGAL FANS
The in-line centrifugal fans shall be tubular with heavy gauge continuously welded steel housings with structural steel shaft and bearing supports.  Inlets and outlets shall be flanged.
Fan shall be belt-driven.  Motor shall be externally mounted on the bottom on an adjustable slide rail.  There shall be a belt guard.  Grease fittings shall be extended to the exterior.
There shall be support legs suitable for horizontal hanging.
Acceptable Manufacturers - In Line Centrifugal Fans:
Greenheck TCB, Penn Ventilator,
Or equal.
SIDEWALL PROPELLER EXHAUSTERS
All steel, direct-drive, propeller-type exhauster, with integral disconnect switch, and all explosion-proof construction including propeller, motor and electrical.
Acceptable Manufacturers – Sidewall Propeller Exhausters:
Greenheck SE, Penn Ventilator,
Or equal.
SIDEWALL EXHAUSTERS
Aluminum, direct-driven centrifugal exhauster, with backdraft damper and disconnect switch.  Furnish electronic speed controller for installation by electrical.
Acceptable Manufacturers – Sidewall Exhausters:
Greenheck CW, Penn Ventilator,
Or equal.
UTILITY/VENT SET
Single width, with solid steel shaft, 1-inch side outlet drain, arrangement 10 with protective cover, and housing access door with gasket and quick-opening latches.  Provide access to shaft for RPM measurement without removing protective cover.
Acceptable Manufacturers – Utility/Vent Set:
Greenheck 41, Twin City, Barry Blower,
Or equal.
CABINET FANS
The cabinet fan casing shall be of 16 gauge channel ports with removable galvanized steel panels attached with mechanical fasteners and compression gasketing.  Outside panels shall be G60 16 gauge galvanized steel phosphatized and painted.  Internal panel shall be solid 20 gauge G90 galvanized steel over 1 inch, 1-1/2 pound per cubic foot density insulation.  Access doors shall have minimum two 6-inch long piano hinges, window at fan sections and open against pressure or outward with secondary latch to relieve pressure.  Side access angular filter housing shall have similar construction.  Provide recessed Dwyer Minihelic pressure gauge.
Provide electrical terminations in exterior terminal box with lugs sized per NFPA 70.
Acceptable Manufacturers – Cabinet Fans:
McQuay Vision, Trane, York,
Or equal.
Variable frequency drives
Provide variable frequency drive for fan, as determined by value engineering.
V-BELT DRIVE
Cast iron or steel sheaves, dynamically balanced, and keyed.  Provide variable and adjustable pitch sheaves for motors 15 hp and under, selected so required rpm is obtained with sheaves set at mid-position.  Provide fixed sheave for 20 hp and over, with matched belts, and drive rated as recommended by manufacturer, or minimum 1.5 times (or as otherwise specified) nameplate rating of the motor.  Provide multiple belts where motor is larger than 10 hp, such that fan continues to operate with one broken belt.
BELT GUARD
Where required:  Fabricate to SMACNA HVAC Duct Construction Standards; of 12 gauge (2.8 mm), 3/4 inch (20 mm) diamond-mesh wire screen welded to steel angle frame or equivalent, prime coated.  Secure to fan or fan supports without short circuiting vibration isolation, with provision for adjusting belt tension, lubrication, and use of tachometer with guard in place.
Mechanical Drive mechanisms
Mechanical drive mechanisms shall be protected, or have a means of easily utilizing lockout/tag out/block out, to guard against nips, pinches, high pressure, or entanglement during maintenance activities.
EXECUTION
INSTALLATION
Do not operate fans for any purpose until ductwork is clean, filters are in place, bearings lubricated, and fan has been test run under observation.
Install fans as specified, with resilient mountings furnished under Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment,” and flexible electrical leads.
Install flexible connections furnished under Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment", between fan inlet and discharge ductwork.  Ensure metal bands of connectors are parallel with minimum 1 inch (25 mm) flex between ductwork and fan while running.
Install fan restraining snubbers as required.  Refer to Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment". Flexible connectors shall not be in tension while fan is running.
Provide sheaves required for final air balance.
Provide safety screen where inlet or outlet is exposed.
Pipe scroll drains to nearest floor drain.
Fume Exhaust:  To lab waste system.  Use polypropylene piping.  Provide ball and valve in drain pipe.
General Exhaust:  To sanitary sewer.  Use copper L piping.
[bookmark: _GoBack]The installer of any equipment having bearings of any type shall be responsible for the protection and proper lubrication of the bearings before operation of their equipment.  Give special attention to bearings in any equipment that has been delivered to the job site, or installed, in advance of completion.  All bearing lubrication points shall be both visible and safely accessible after installation of equipment.  Fit with proper lubrication fittings, and fill each pipe with proper lubricant.
ADJUSTING
Statically and dynamically balance fans to eliminate vibration or noise transmission to occupied areas.
Refer to Division 23 Section "Testing, Adjusting, and Balancing for HVAC".
MAINTENANCE AND OPERATING AND TRAINING INSTRUCTIONS
See Division 01 Section "General Requirements."
END OF SECTION 233416
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