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BEFORE INCLUDING ANY REQUIREMENTS FOR SEISMIC RESTRAINTS, VERIFY WITH TEAM LEADER AND/OR STRUCTURAL DESIGNTHAT IT IS REQUIRED FOR PROJECT. 
SECTION 233416
CENTRIFUGAL FANS

SEE INFORMATION AT END OF SECTION.
PART 1   GENERAL

EDIT ARTICLE BELOW AS REQUIRED.
1.01
RELATED WORK SPECIFIED ELSEWHERE

CHANGE SECTION 230549 TO SECTION 033001 IN PARAGRAPH BELOW IF OTHER CONCRETE WORK IS REQUIRED IN ADDITION TO MECHANICAL EQUIPMENT PADS.

A.
Mechanical Equipment Pads:  Section 230549.


B.
Vibration Isolation:  Section 230550.

USE PARAGRAPH BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.


C.
Seismic Restraints:  Section 230550


D.
Motors:  Section 260221.

USE ARTICLE BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.

1.02
PERFORMANCE REQUIREMENTS


A.
Design fans and supports to withstand all seismic loads.  Refer to seismic loading criteria on the Contract Drawings.


B.
Seismic Performance:  Design and install fans to assure continued performance of their intended function when subjected to the specified seismic forces.

USE PARAGRAPH ABOVE OR BELOW, EDIT AS REQUIRED.


C.
Seismic Performance:  Design and install fans to assure that they remain in place with no separation of any parts when subjected to the specified seismic forces.


D.
The design of the fans and supports shall be performed by a professional engineer experienced in the seismic design of fans.

1.03
SUBMITTALS


A.
Product Data:  Catalog sheets, include rated capacities of each unit, dimensional data, operating weights, accessories, material finishes and installation instructions.

USE PARAGRAPH BELOW WITH LARGE FANS WHEN DIRECTED BY DESIGNER.

B.
Shop Drawings:  Manufacturer’s detailed dimensional drawings showing equipment, assemblies, dimensions, loadings, required clearances, method of field assembly, components, and location and size of each field connection.


C.
Quality Control Submittals:



1.
Certified fan performance curves.

USE SUBPARAGRAPH BELOW WITH LARGE FANS, AND WHEN NOISE LEVELS ARE A CONSIDERATION.  SOUND POWER IS DIFFERENT THAN SOUND PRESSURE, ARE NOT TO BE INTERCHANGED DESPITE BOTH USE THE SAME UNIT OF MEASURE (dbA).


2.
Certified fan sound power ratings at operating conditions.

FILL IN THE BLANK IN SUBPARAGRAPH BELOW, CHECK WITH DESIGNER.  DELETE UNDERLINE  BEFORE ENTERING INFORMATION.



a.
Fan Sound Power Level:  ________ dbA or less at design capacity.

USE SUBPARAGRAPH BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.



3.
Copy of Seismic Qualifications Certificate.


D.
Contract Closeout Submittals:



1.
Operation and Maintenance Data:  Deliver 2 copies covering the installed products, to the Director’s Representative.

1.04
QUALITY ASSURANCE


A.
Regulatory Requirements:



1.
Each fan shall bear AMCA Seal indicating that fans comply with AMCA 211, Certified Ratings Program - Air Performance, and AMCA 311, Certified Sound Ratings Program For Air Moving Devices.



2.
Operating Limits:  Classify according to AMCA 99-2408.



3.
Sound power level ratings shall comply with AMCA Standard 301, Method for Calculating Fan Sound Ratings from Laboratory Test Data.

USE PARAGRAPH BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.


B.
Seismic Qualification Certificate:  Certificate from fan manufacturer covering fans, accessories, supports, and components; and consisting of the following:



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



2.
Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions, and loads transmitted to structure at each attachment point.



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



4.
Comprehensive seismic engineering analysis of fans and supports.

1.05
REFERENCES

A.
ABMA:  American Bearing Manufacturer’s Association (formerly AFBMA).


B.
AMCA:  Air Movement and Control Association.


C.
ASHRAE:  American Society of Heating, Refrigeration, and Air Conditioning Engineers, Inc.

1.06
DELIVERY, STORAGE, AND HANDLING

A.
Deliver fans as factory-assembled units to the extent allowable by shipping limitations, with protective crating and coverings.


B.
Disassemble and reassemble units as required for movement to the final locations in accordance with manufacturer’s printed instructions.


C.
Lift and support units at the manufacturer’s designated lifting or supporting points.

1.07
PROJECT CONDITIONS

A.
Do not operate fans until ductwork is clean, filters, if any, are in place and bearings are lubricated.

USE PARAGRAPH BELOW WHEN FAN SIZE IS LARGE ENOUGH TO CAUSE PROBLEMS MOVING THE FAN THRU DOORS AND BUILDING OPENTINGS PRIOR TO PLACEMENT AT FINAL POSITION.  CHECK WITH THE DESIGNER.

B.
Field Measurements:  Verify dimensions and clearances by field measurements.

PART 2   PRODUCTS

2.01
FANS

CHANGE “BELT DRIVEN” TO “DIRECT DRIVEN” IN PARAGRAPH BELOW WHEN DIRECTED BY DESIGNER.

A.
Belt driven centrifugal fans, factory fabricated, assembled, finished and tested; consisting of housing, wheel, fan shaft, bearings, motor (see Section 260221), drive assembly, and support structures.

UNITARY BASE SPECIFIED IN PARAGRAPH BELOW IS HEAVY STEEL FRAME USED FOR MOUNTING FAN, MOTOR ADJUSTMENT PLATE, AND MOTOR.  IT IS DESIGNED AND INSTALLED AT FACTORY AND ALLOWS FAN UNIT TO BE BOLTED TO VIBRATION ISOLATION MOUNTS OR DIRECTLY TO BUILDING MEMBER.  USE ONLY WHEN DIRECTED BY DESIGNER.

B.
Equip fan unit with unitary base.

2.02
HOUSINGS

A.
Materials and Fabrication:  Formed and reinforced steel curved scroll housing panels, spun metal inlet bell, and the doors or panels for access to internal parts and components.



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

USE SUBPARAGRAPH BELOW WHEN HUMIDIFIERS ARE INSTALLED UPSTREAM FROM FANS.


2.
Exception:  Fabricate fans from galvanized steel when installed downstream from humidifiers.

FILL IN BLANK IN SUBPARAGRAPH BELOW WITH AMCA CLASS I, II, OR III.  EACH HIGHER CLASS NUMBER REPRESENTS HIGHER RPM CAPABILITIES (AND AIR PERFORMANCE) OF FAN.  HIGHER RPM CAPABILITY MAY MEAN HEAVIER OR STRONGER CONSTRUCTION.  CHECK WITH DESIGNER.  DELETE UNDERLINE BEFORE ENTERING INFORMATION.


3.
Fabrication Class:  AMCA 99-2408 Class _______.

FILL IN BLANK IN SUBPARAGRAPH BELOW WITH “SLIP FIT” OR “FLANGED” CONNECTION.  CHECK WITH DESIGNER.  DELETE UNDERLINE BEFORE ENTERING INFORMATION.


4.
Construct inlet and outlet of fan for ________ connection.

USE SUBPARAGRAPH BELOW FOR FANS EXPOSED EXTERIOR TO BUILDING, OR THOSE IN WHICH CONDENSATE MAY ACCUMULATE.  EDIT DRAIN SIZE AS REQUIRED.  CHECK WITH DESIGNER.


5.
Scoll/Housing Drain Connection:  One inch threaded steel pipe coupling welded to low point of fan scroll, with threaded steel plug and non-galling lubricant applied to threads.

USE PARAGRAPH BELOW ONLY WHEN SHOWN ON DRAWINGS OR DIRECTED BY DESIGNER.

B.
Tubular Centrifugal Fans:  Fabricate tubular housing from formed and reinforced steel panels with welded seams.  Also provide the following:



1.
Outlet guide vanes.



2.
Spun inlet cone with flange.



3.
Outlet flange.



4.
Brackets suitable for horizontal or vertical mounting.



5.
Anti-swirl inlet guide vanes.

2.03
WHEELS

USE ONLY ONE OF THE FIVE PARAGRAPHS BELOW UNLESS ULTIPLE FAN TYPES ARE REQUIRED.

A.
Backward Inclined Wheel:  Steel or aluminum construction with curved inlet flange, back plate, backwardly inclined blades welded or riveted to flange and back plate; cast iron or cast steel hub riveted to back plate and fastened to shaft with set screws.


B.
Airfoil Wheel:  Steel construction with smooth curved inlet flange; heavy back plate; hollow die formed airfoil shaped blades continuously welded at the tip flange and back plate; cast iron or cast steel hub riveted to back plate and fastened to shaft with set screws.


C.
Forward Curved Wheel:  Baked enameled or galvanized steel construction with inlet flange, back plate, shallow blades with inlet and tip curved forward in the direction of airflow, mechanically secured to flange and back plate; cast steel hub swaged to back plate and fastened to shaft with set screws.


D.
Radial Tip Wheel:  Steel or aluminum construction with curved inlet flange, back plate, backwardly inclined curved blades positioned so the tip approaches a radial position and welded or riveted to flange and back plate; cast iron or cast steel hub riveted to back plate and fastened to shaft with set screws.


E.
Radial Blade Wheel:  Steel or aluminum construction cast or welded to the hub.

2.04
SHAFTS

A.
Turned, ground, and polished hot-rolled steel with keyway and drive end counter sunk for tachometer readings.  Ship with protective coating of lubricating oil.  Statically and dynamically balanced and selected for continuous operation at maximum rated fan speed and motor horsepower.



1.
Size shaft so that first critical speed is at least 25 percent over maximum operating speed.

USE SUBPARAGRAPH BELOW WHEN DIRECTED BY DESIGNER FOR FANS HANDLING HIGH TEMPERATURE AIR OR GAS.  HEAT SLINGER HELPS TO DISSIPATE HEAT FROM SHAFT THAT IS ABSORBED FROM HOT BASES.  THIS RESUCES HEAT TRANSFERRED TO BEARINGS.


2.
Shaft heat slinger.

2.05
BEARINGS

A.
Ball, roller, or taper roller type.  Select bearings in accordance with ABMA Standards for Ball and Roller Bearings.



1.
Sealed and Pre-lubricated Shaft Bearings:  Self-aligning, pillow block type ball bearings.  ABMA Bearing Rated Life:  L-10 with minimum bearing life of ________ hours.

USE SUBPARAGRAPH ABOVE OR BELOW UNLESS MULTIPLE FANS WITH DIFFERENT TYPE BEARINGS ARE REQUIRED, CHECK WITH DESIGNER.  FILL IN BLANK SPACE AS REQUIRED.  REFER TO BEARING LIFE TABLE IN INFORMATION AT END OF SECTION.  DELETE UNDERLINE BEFORE ENTERING INFORMATION.


2.
Grease Lubricated Shaft Bearings:  Self-aligning, pillow block type; ball, roller or tapered roller bearings with double locking collars and split two-piece, cast iron housing.  ABMA Bearing Rated Life:  L-10 with minimum bearing life of ________ hours.

2.06
BELT DRIVES

A.
Service Factor:



1.
Design belt drive to operate at the horsepower equivalent to the highest bhp of the fan multiplied by service factor of 1.5.

USE SUBPARAGRAPH ABOVE OR BELOW.  USUALLY SUBPARAGRAPH THAT RESULTS IN THE LARGER QUANTITY IS SELECTED.  CHANGE THE “1.5” SERVICE FACTOR IN SUBPARAGRAPH ABOVE TO “1.2”, “1.3”, OR “1.4”.  MOST COMMON SERVICE FACTOR IS “1.5”.  CHECK WITH DESIGNER.


2.
Design belt drive to operate at total developed hp of the motor multiplied by motor service factor.


B.
Fan Pulleys:  Cast iron or cast steel with interchangeable split, tapered bushing, dynamically balanced at factory prior to assembly.


C.
Motor Pulleys:



1.
Motors 5 hp and Smaller:  Adjustable pitch type with pitch adjustment at the middle of adjustment range at fan application design conditions.

USE SUBPARAGRAPH ABOVE AND/OR BELOW.  EDIT AS REQUIRED.


2.
Motor 5 hp and Larger:  Fixed pitch type.


D.
Belts:  Oil resistant, non-sparking, and non-static.



1.
Match belt lengths and manufacturer for multiple belt drives.


E.
Belt Guards:  Comply with OSHA and SMACNA requirements.  Fabricate from flattened expanded metal 1/2 inch diamond mesh screen welded to steel angle frame, prime coated.



1.
Include provision for adjustment of belt tension, lubrication, and use of tachometer with guard in place.

DELETE SUBPARAGRAPH BELOW WHEN VIBRATION ISOLATION IS NOT USED.


2.
Secure belt guard to fan or fan supports without interfering with vibration isolation.


F.
Motor Mount:  Adjustable for belt tensioning.

2.07
ACCESSORIES
EDIT ACCESSORIES IN PARAGRAPH BELOW AS REUIRED, CHECK WITH DESIGNER.

A.
Equip fan with the following accessory items:



1.
Scroll Access Doors:  Shaped to conform to scroll, with quick opening, positive closing latches, and gaskets.

USE SUBPARAGRAPH BELOW WHEN EITHER INLET/OUTLET FLANGE, OR BOTH ARE SPECIFIED AS PART OF HOUSING SPECIFICATION.  COMPANION FLANGES MATE TO FAN’S FLANGES, AND ARE USED TO FACILITATE DUCTWORK CONNECTIONS.


2.
Companion Flanges:  Galvanized steel, for duct connections.



3.
Fixed Inlet Vanes:  Steel with fixed cantilevered vanes welded to inlet bell.



4.
Variable Inlet Vanes:  Steel with blades supported at both ends with 2 permanently lubricated bearings.  Variable mechanism terminating in single control lever with control shaft for double width fans.



5.
Adjustable Inlet Vanes:  Steel with blades supported at both ends with 2 permanently lubricated bearings.  Variable mechanism out of air stream terminating in single control lever with control shaft for double width fans.



6.
Shaft Seal:  Non-gas-tight with aluminum rub ring.

USE SUBPARAGRAPH BELOW WITH FANS INSTALLED EXTERIOR TO BUILDING.


7.
Weather Cover:  Louver vented corrosion resistant steel cover protecting motor and drive components.

USE SUBPARAGRAPH BELOW WITH NON-DUCTED FAN INLETS.


8.
Inlet Screen:  Minimum 0.094 inch diameter galvanized steel wire on 1/2 inch center to center spacing welded on galvanized steel frame.

PART 3   EXECUTION

3.01
EXAMINATION

A.
Examine areas and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of fans.  Do not proceed with installation until unsatisfactory conditions have been corrected.

3.02
INSTALLATION


A.
Install fans in accordance with manufacturer’s printed installation instructions.


B.
Floor Mounted Fans:  Support fans on concrete mechanical equipment pads (see Section 230549) with vibration isolation devices (see Section 230550).

USE SUBPARAGRAPH ABOVE OR BELOW.  CHANGE “SECTION 230549” TO “SECTION 033001” IN SUBPARAGRAPH ABOVE IF OTHER CONCRETE WORK IS REQUIRED IN ADDITION TO MECHANICAL EQUIPMENT PADS.

C.
Ceiling Suspended Fans:  Suspend fans from building construction with vibration isolation devices.  See Section 230550.


D.
Install units with clearances for service and maintenance.



1.
Provide clearance for complete wheel, and shaft removal.

USE PARAGRAPH BELOW WIEH DIRECTED BY DESIGNER.

E.
Provide inlet screens on fans with non-ducted fan inlets.  If fan has inlet bearing, install screen on inboard side of bearing.

3.03
FIELD QUALITY CONTROL

A.
Inspect exposed finish.  Remove burrs, dirt, and construction debris, and repair damaged finishes including chips, scratches, and abrasions.


B.
Pre-start Up:



1.
Remove shipping blocking, and bracing.



2.
Verify lubrication for grease bearings and other moving parts.



3.
Set dampers in connected ductwork in proper position.

USE SUBPARAGRAPH BELOW AS REUIRED.


4.
Belt Driven Fans:  Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and smooth bearing operation.  Reconnect fan drive system, align and adjust belts, and install belt guard.


C.
Start Up:



1.
Energize motor, verify proper operation of drive system, and fan wheel.

USE SUBPARAGRAPH BELOW AS REQUIRED.


2.
Belt Driven Fans:




a.
Adjust fan pulley to indicate initial rpm, further adjust pulley to obtain system design conditions if required.




b.
Replace fan and motor pulleys if required to achieve design conditions.




c.
Measure and record motor voltage and amperage.

END OF SECTION

THE REMAINDER OF THIS DOCUMENT IS FOR INFORMATION ONLY; NOT TO BE INCLUDED IN PROJECT SPECIFICATIONS.

	YEARS OF BEARING LIFE (L-10 BEARING)

	Minimum
	5 Days a Week
	7 Days A Week

	Bearing
	HOURS PER DAY
	HOURS PER DAY

	Life Hours
	8
	16
	24
	8
	16
	24

	10,000
	4.8
	2.4
	1.6
	3.4
	1.7
	1.1

	15,000
	7.2
	3.6
	2.4
	5.2
	2.6
	1.7

	20,000
	9.6
	4.8
	3.2
	6.9
	3.4
	2.3

	25,000
	12.0
	6.0
	4.0
	8.6
	4.3
	2.9

	50,000
	24.0
	12.0
	8.0
	17.2
	8.6
	5.7

	100,000
	48.1
	24.0
	16.0
	34.3
	17.2
	11.4


Notes:


1.
Common bearing life provided by fan manufacturers is between 50,000 and 200,000 hours.


2.
The “L” ion the “L-10” designation is loss rate.


3.
The “10” in the “L-10” designation represents percentage of bearings in L-10 group that may fail before reaching minimum bearing life.


4.
Minimum bearing life (hours) represents minimum life of 90 percent of bearings in L-10 group.


5.
Average life of bearings is approximately 5 times minimum life of the bearing.


6.
Flanged Split Housing:  Bolted together at split with gasketed matching flanges.  Ship assembled.

USE SUBPARAGRAPH ABOVE AND/OR BELOW WHEN DIRECTED BY DESIGNER.  EDIT PART 2 HOUSINGS ARTICLE AS REQUIRED.


7.
Plug Fans:  Fabricate without fan scroll and volute housing with steel cabinet.

INSTRUCTION AND MODIFICATIONS FOR THIS SECTION

when directed by designer, insert paragraph below at end of part 2 housing article for projects requiring spark resistant construction for fans in explosive or flammable atmospheres.


C.
spark Resistant Construction:



1.
Equipped with explosion-proof motor.



2.
Bearings located out of air or gas stream.



3.
Construction Types:

USE ONE OF THREE SUBPARAGRAPHS BELOW UNLESS THE PROJECT REQUIRES MULTIPLE SPARK RESISTANT CONSTRUCTION TYPES.  CHECK WITH DESIGNER.

IF SUBPARAGRAPH BELOW IS USED, EDIT HOUSING MATERIAL, SHAFT MATERIAL, AND WHEEL MATERIAL AS REQUIRED FOR COMPATIBILITY WITH TYPE A CONSTRUCTION, CHECK WITH DESIGNER.




a.
Type A:  All parts of the fan in contact with the air or gas being handled construction of non-ferrous material.

IF SUBPARAGRAPH BELOW IS USED, EDIT WHEEL MATERIAL AS REQUIRED FOR COMPATIBILITY WITH TYPE B CONSTRUCTION, CHECK WITH DESIGNER.




b.
Type B:  Entirely non-ferrous wheel and non-ferrous ring around opening through which shaft passes.




c.
Type C:  Constructed so that shift of wheel or shaft will not permit two ferrous parts of fan to rub or strike.
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