SECTION 15855

CUSTOM AIR HANDLING UNITS

PART I – GENERAL

1.01
SECTION INCLUDES

A. Design, performance criteria, controls, and installation requirements for Custom Air Handling Units.

1.02
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.

c. Rated load amp draw.

d. Noise levels produced by equipment.

e. 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.

1.03 OPERATION AND MAINTENANCE DATA

A. Include data on design, inspection and procedures related to preventative 

maintenance.  Operation and Maintenance manuals shall be submitted at the time of unit shipment.

1.04 QUALIFICATIONS

A. All electrical components shall bear an ETL or UL label under UL Standard 1995.   All fans shall bear the AMCA seal and all coils shall be ARI rated.

PART 2 - PRODUCTS

2.01
MANUFACTURER

A.  Basis of design is Buffalo Air Handling.

B. Acceptable alternate manufacturers are Industrial Sheet Metal (not Air Systems), and Air Enterprises.

2.02
GENERAL

A. Units shall not be smaller than shown on the drawings.  Units shall be completely factory assembled and tested.  The equipment's cooling, heating, humidifying, ventilating, exhausting capacity and performance shall meet or exceed that shown on the schedule.  Tags and decals to aid in service or indicate caution areas shall be provided. Operation and maintenance manuals shall be furnished with each unit.

2.03
CABINET CONSTRUCTION

A. Cabinets shall be constructed in a watertight and airtight manner.  The manufacturer's standard cabinet construction shall result in a unit leakage rate that shall not exceed 1% of unit capacity at 1.25 times the operating static pressure.

B. The units shall be constructed on a minimum of 6" - 8.2 lb/ft structural full perimeter channel base with 2” thick foam insulation under the floor.  Tubular or formed channel steel shall not be used as the perimeter base.  The underfloor insulation shall be protected with a .032 aluminum coversheet. The structural steel frame shall be coated with an epoxy paint. Floors and walls shall be designed so that deflection is limited to no more than 1/240 of span dimension at unit operating pressures.

C. The base frame shall have removable lifting lugs.  The lifting lugs shall be fabricated from structural steel with an appropriate rigging hole. Lifting lugs shall be located and sized to allow rigging and handling of the unit. 

D. Units shall be shipped in multiple sections and be engineered for field assembly and testing.  Provide full length perimeter angles located inside units at shipping splits to allow for field bolting of modular sections.  Unit manufacturer to provide necessary hardware, tape sealer, and caulk required to field join and seal the modular sections.  A sealing gasket shall be required and provided. The mating upper frame of each section shall also be fabricated with a flanged perimeter. The flanged perimeter shall be drilled with assembly clearance holes and be continuously gasketed.  Assembly lugs, fabricated from structural steel with appropriate assembly clearance holes, shall be bolted to the base frame. 

E. The unit floor is to be constructed of minimum 12 ga galvanized with continuously welded seams.  Floor drains shall be installed in the center of each unit and piped underneath the topsheet to the unit exterior to allow drainage of each section.

F. All panels shall be double wall and fabricated of .063 embosed aluminum outer shell with a .040 solid aluminum inner liner except in the chilled water coil section and downstream of the final filters which shall be solid 18 gauge 304 stainless steel.  The unit casing shall be of no through metal construction using aluminum extrusions with an epoxy resin thermal bridge.  All panel seams will be externally caulked with sealant. 

G. All exterior panels and roof shall be insulated with 2" thick foam insulation fill between the outer wall and inner liner. Floors shall be insulated with a minimum of 2" thick foam insulation to completely fill all contuors underside of the floor.   The insulation shall have a minumum U value of .073 BTU/HR-SQ. FT. deg F.

H. Access doors shall be double wall and completely insulated between the interior and exterior sheet metal of the door and attached to a 2" thick extruded aluminum frame.  All doors shall be double seal with an integral thermal break downstream of the cooling coil section.  Hinges shall be heavy-duty stainless piano hinge.  High compression latches operable from both sides of the door, shall be used.  All access doors shall be gasketed around the complete perimeter. Doors shall be minimum 24" x  60" and shall open against the section's operating pressure.    Door viewports shall be a minimum of 9” x 9” and constructed of a thermal double-paned wire reinforced design.

2.04 
CORROSION PROTECTION SYSTEM

A. The unit base and floor  shall be sand/shotblasted, followed by two coats of an epoxy mastic paint. 

B. The exterior casing surfaces shall be coated with Carbothane 8815 high gloss, high build, direct to metal, two component polyurethane coating.   Paint system shall pass 1500 hour ASTM B-117 salt spray resistance.  Paint color to be a light gray or as specified by the architect.  Embosed aluminum or 304 SS casings do not need painted.

2.05 FAN ASSEMBLIES

A. General: All fans shall meet the air flow performance specified and shall not exceed the brake horsepower or sound power levels specified on the mechanical equipment schedule(if applicable).  Fan performance shall be based on testing and be in accordance with AMCA Standards 210 and 300.  Fan assemblies shall be designed for heavy-duty industrial applications.  Fan framing assemblies shall be fabricated from structural steel.  Formed members are not acceptable.  Inlet cones shall be precision spun or die formed.  Inlet cones shall be aerodynamically matched to the wheel side plate to provide streamlined airflow in the wheel and ensure full loading of the blades.  All centrifugally housed fans should be epoxy coated and include an access door, scroll drain and inlet screens. Acceptable fan manufacturers:  Twin City, Series 41 Greenheck, and Barry Blower.
B. All single width airfoil centrifugal plenum type shall be epoxy coated and designed for rugged industrial duty and suitable for continuous operation. These fans shall be furnished with an open-mesh protective enclosure screen completely enclosing all sides and the back of the fan wheel.  The enclosure should be removable to provide access to the motor and wheel. A protective screen should be mounted at the inlet of the fan to prevent foreign objects from entering. All fans shall be selected to operate at a point no higher than 90% of the peak static pressure rating, as defined by the fan performance curve at the selected operating speed.
C. Fan shaft shall be solid AISI 1040 or 1045 steel.  Shafts shall be turned, ground and polished to a minimum 16 micro-inch finish.  Shafts shall be sized to run at a minimum of 20% greater than the maximum AMCA class speed.

D. Fan bearings shall be heavy-duty, pillow block, self aligning ball or roller type, and grease lubricated.  Using AFBMA ratings, bearings shall be selected for a minimum L-10 life of 200,000 hours. Extended flexible lube lines shall be provided and extended to the exterior of the unit.
E. Sheaves and Belts: All sheaves shall be selected with a 1.5 service factor.  Sheaves shall be machined from a close grain cast iron and statically balanced by the manufacturer.  Drive belt shall be a V- type.  Fixed pitch sheaves shall be provided on all motors.  Where fixed sheaves are provided one sheave exchange shall be provided as required FOB the factory. Provide a four-sided OSHA belt guard having sides of galvanized steel with 2 openings for tachometer readings.  

F. Motors and Motor Bases: All supply and return fan motors shall be Variable Frequency Drive rated.  All motors shall be NEMA Class B insulation constructed of a cast iron motor frame to eliminate motor vibration.  Motors shall have electrical characteristics and horsepower as specified on the mechanical schedule.  All motors shall have a minimum service factor of 1.15.  Motors shall have ball bearings.  Motors shall be open drip proof, be designed for 1750 RPM, and meet EPACT min efficiency requirements.  The brake horsepower requirement of the fans shall not exceed 90% of the motor horsepower. 

G. The fan and motor are to be mounted on all-welded structural steel, epoxy mastic coated, internal isolation base with springs selected to provide 97% isolation efficiency.  This base should then be attached to an independent inertia isolation base (cement shall be added in the field by an installing contractor).  Each spring shall be unhoused, free-standing type, welded to a base plate with a 1/4” thick ribbed neoprene sound deadening pad and leveling bolt.  Base plates shall be mounted on two threaded studs welded to unit floor for ease of spring replacement.  The outlet of the fan is to be separated from the unit casing by means of a factory installed flexible connection. 

H. Fan and motor removal:  The fan section shall include a structural I-beam capable of lifting the fan/motor through a removable panel in the side unit.
2.6 VARIABLE FREQUECY DRIVES

A. Each supply and return fan shall be provided with separate variable frequency drives. The adjustable frequency drives (AFDs) shall be solid state, with a Pulse Width Modulated (PWM) output.  The AFD package as specified herein shall be enclosed in a NEMA 1 enclosure, completely assembled and tested by the manufacturer.  The AFD shall employ a full wave rectifier (to prevent input line notching), Integral Line Reactor(s), Capacitors, and Insulated Gate Bipolar Transistors (IGBT’s) as the output switching device. The drive efficiency shall be 97% or better at full speed and full load.  Fundamental power factor shall be 0.98 at all speeds and loads.Specifications for the drives 3 HP to 200 HP at 480 volts:

1. Input 380/415/440/460/480 VAC +/- 10%, 3 phase, 48-63 Hz.

2. Output Frequency 0 to 250 Hz.  Operation above 60 Hz shall require programming changes to prevent inadvertent high-speed operation.

3. Environmental operating conditions: 0 to 40(C, 0 to 3300 feet above sea level, less than 95% humidity, non-condensing.

4. Enclosure shall be rated NEMA 1.  The VFD shall be automatically controlled by a control signal.

B. The VFD shall be self contained, totally enclosed in a NEMA 1 ventilated cabinet and capable of operation between 0 and 40 ° Celsius.  The VFD shall be UL listed.  Components used in all options shall be UL listed.  The VFD shall have a hand/off auto operator switch, drive switch with run or stop command and panel mounted digital display capable of indicating, unit status, frequency, and fault diagnostics.  Provide manual bypass to each VFD.  VFD shall be manufactured by ABB, Danfloss/Graham, Safetronics, Square D., or Alan Bradley.
C. VFDs shall be mounted within a double wall compartment (located in the Return Air inlet plenum and the Supply Air discharge plenum) that is of the same construction as the AHU and deep/long enough to contain two supply air and two return air VFDs .  This compartment shall have a 12”x12” manual locking quadrant damper for VFD ventilation and an access door that, when fully opened will allow for complete access to each drive (drives will not be exposed to the exterior of the unit).  

2.7 VIBRATION ISOLATION

A. The fan and motor are to be mounted on all-welded structural steel, prime coated, internal inertia vibration isolation base with springs selected to provide 97% isolation efficiency.  Isolation base shall be supplied with spring isolators in at least four appropriate points. The isolation base shall be supplied with seismic isolators.  Springs shall be bolted securely to the isolation base.

B. Thrust restraints shall be supplied on all fans which will travel horizontally more than ¼” when in operation.  Isolators shall be sized and adjusted so that the assembly floats when operating at design conditions.

2.8 COILS

A. All coils shall meet or exceed all capacities specified on the mechanical schedule for the project.  All water coil performances shall be certified by the manufacturer to be in accordance with ARI Standard 410. Cooling coils shall be mounted in the unit for horizontal airflow.  Coil air face velocities shall not exceed 500 fpm for the cooling coils. Coils shall be provided with racks for independent coil removal so that, in the case of stacked coils, the bottom coil can be removed without removing the top coil.

B. All hydronic coils shall be tested to 350 psig compressed air under water.  Coils shall be designed to operate at 250 psig internal pressure and up to 300° F.

C. Cooling and hot water heating coils shall be constructed with 5/8” O.D. copper tubes with minimum 0.035” tube wall thickness. Cooling coils shall have .0075” thick copper fins and 304 SS casings.  Heating coils shall have .010 copper fins with a solder coating and 16 ga.-galvanized casings.    Headers shall be non-ferrous barrels with vents and drain connections.  Coil connections are to extend through the casing wall by the unit manufacturer.    Coil casing reinforcements shall be required for fin lengths over 42".  No individual coil shall exceed 51” in height.

D. Cooling coil sections shall have a pitched drain pan constructed from 12-gauge type 304 stainless steel that extends a minimum of 3 inches upstream and 24 inches downstream. The floor shall be recessed and constructed as a continuously welded positively triple sloping drain pan with a minimum depth of 4" at the drain.  Caulking of the drain pan seams is unacceptable.  The drain pan shall be insulated with 2" foam fiberglass and 20 gauge galvanized steel coversheet.  The drain outlet shall be from the bottom of the drain pan.  Side condensate removal is not allowed.  Coil condensate drain pan shall be completely insulated.  If coils are stacked, a sloped 304 stainless steel intermediate drain pan with recessed drain connection is required.  This intermediate pan shall drain to the bottom main pan.  Intermediate drain tubes shall be 304 stainless steel.  Plastic drain pans and plastic lines shall not be acceptable.  The coil main pan shall have a 1- 1 /4" M.P.T. drain extended to the exterior of the air handler.

2.9 FILTERS

A. Filter holding frames shall be of heavy-duty construction designed for industrial applications.  Holding frames applied in low efficiency filter applications will be either upstream or downstream accessible. Holding frames applied in high efficiency filter applications will be upstream accessible.  Holding frames shall be constructed from no less than 16 gauge galvanized steel.  They shall be equipped with foam gaskets and fasteners.  Filter fasteners shall be capable of being installed without the requirement of tools, nuts or bolts.  The holding frame shall be designed to accommodate standard size filters with the application of the appropriate type fastener.  Holding frame assemblies shall meet or exceed area specified by the mechanical schedule.  Frames same be equivalent to Farr type 8.
B. Medium Efficiency Pleated Prefilters: Pleated filters shall be 2" thick, 30% efficient.  Filter media shall be 100% synthetic.  The filter shall have an average efficiency of 25-30% and an average arrestance of 90-92%.  The filters shall be listed as Class II under UL Standard 900.  Filters shall be tested per ASHRAE Standard 52-76.  The effective media shall not be less than 4.6 square feet of media per 1.0 square foot of filter face area, and shall contain not less than 15 pleats per linear foot.  Initial resistance at 500-fpm approach shall not exceed 0.28" wg. Filters shall be equal to Farr 30/30.

C. High Efficiency Rigid Final Filters: Rigid filters shall be 12" deep high performance, pleated, totally rigid and totally disposable type.  Each filter shall consist of high density glass fiber media, media support grid, contour stabilizers and enclosing frame. Filter media shall be laminated to a non-woven synthetic backing to form a lofted filter blanket.  The filter media shall have an average efficiency of 90%.  The media support shall be a metal grid with an effective open area of not less than 96%.  The metal grid shall be bonded to the filter media to eliminate the possibility of media oscillation and media pull-away.  The metal grid shall be formed in such a way that it effects a tapered radial pleat design.  The grid shall be designed to support the media both vertically and horizontally.  Filters shall be listed Class II under UL Standard 900.  Filters shall be tested per ASHRAE Standard 52.1-76. Contour stabilizers shall be permanently installed on both entering air and exit airsides of the filter media pack to ensure that the tapered radial pleat configuration is maintained throughout the life of the filter.  The filter shall be capable of withstanding a 10" wg pressure drop without noticeable distortion of the media pack.  The enclosing frame shall be constructed of galvanized steel.  It shall be constructed and assembled in such a manner that a rigid and durable enclosure for the filter pack is effected.  The periphery of the filter pack shall be continuously bonded to the inside of the enclosing frame, thus eliminating the possibility of air bypass.  The enclosing frame shall be equipped with protective diagonal support members on both the entering air and air exit sides of the filters. Filters shall be equal to Farr Riga-Flo 200.

D. Magnehelic Gauge: A differential pressure gauge for measuring the pressure drop across   each filter bank shall be installed.  The gauge shall be diaphragm-actuated dial type 4"/ 4" OD, with white dial, black figures and graduations and pointer zero adjustment.

2.10  DAMPERS

A. Aluminum Low-Leak Dampers:  Dampers shall be low leakage airfoil bladed dampers.  Frames shall be constructed of extruded aluminum hat channel with hat mounting flanges on both sides of the damper frame.  Blades shall be airfoil type extruded aluminum with integral structural reinforcing tube running full length of each blade.  Blade edge seal shall be extruded vinyl double-edge design.  Bearings shall be non-corrosive two piece molded synthetic.  Linkage shall be concealed in the frame. Dampers shall be tested by an independent AMCA approved laboratory for leakage and air pressure drop in accordance with AMCA Standard 500.  Testing reports shall be supplied with the submittal data.  Leakage shall not exceed 4.6 CFM per square foot at 4" wg.  Pressure drop shall not exceed 0.15" wg at 1000 fpm. Damper blades shall be rated for a velocity of 1500 fpm without generating objectionable noise.  Damper actuators shall be furnished by air temperature contractor. Dampers shall be equal to Ruskin CD50.  Acceptable manufacturers:  Ruskin, Arrow, and American Warming.

2.11  LOUVERS

A. Outside air louvers shall be stationary drainable blade type entirely contained within a 6" minimum frame.  Leading edge of the damper blade shall be rounded to smooth airflow and minimize pressure drop.  Framing shall be no less than aluminum channel with box flanges.  Louver blades shall be fabricated from aluminum. A 1/2" mesh bird-screen shall be provided on all louvers.  A standard 48"x48" louver shall have a minimum free area of 64%.  Drain pans shall be installed below each louver to carry away any condensation that forms internally on the louver frame.  Louvers shall be tested by an independent AMCA approved laboratory for water carry-over and air pressure drop in accordance with AMCA Standard 500.  Testing reports shall be supplied with the submittal data.  Water carry-over shall not exceed .01 ounces of water per 15-minute period at 580 fpm gross area velocity.  Pressure drop at the same airflow including the 1/2" wire mesh bird-screen shall not exceed 0.12" wg. Louvers shall be equal to Ruskin L-6375D.  Acceptable manufacturers:  Ruskin, Arrow, and American Warming

B. Exhaust Air Louvers: Louvers shall be stationary blade type entirely contained within a 6" frame.  Framing shall be aluminum channel with box flanges.  Louver blades shall be fabricated from aluminum A 1/2" mesh birdscreen shall be provided on all louvers. Louvers shall be equal to Ruskin L-6375D. Acceptable manufacturers:  Ruskin, Arrow, and American Warming

2.12  BLENDERS

A. If indicated on the drawings, blenders shall be provided downstream of economizer section to prevent stratification of the airstream.  Blenders shall be constructed of a minimum of .081 aluminum and shall exceed 1100 feet per minute velocity at the entering face of the blender.  The distance downstream of the blender shall be a equal to the average of the height and the width of one of the individual blenders.  Blenders shall be manufactured by Blender Products or Kees.

2.13  ELECTRICAL POWER AND CONTROLS

A. Vapor Proof Service Lights: Each section shall be equipped with two vapor- proof fluorescent light service lights wired to a single switches at each access door.  Each fan section shall have a GFCI receptacle.  All lights, switches and receptacles shall be wired to a single point connection at the external 120V disconnect switch.

B. Unit manufacturer shall provide wiring from the motors to the variable frequency drives to an external junction box.  Each motor shall have an individual junction box. Variable speed drives are to be factory mounted.

2.014  UNIT TESTING AND QUALITY CONTROL

A. Standard Factory Tests: The fans shall be factory run tested to ensure structural integrity and proper RPM.  All electrical circuits shall be tested to ensure correct operation before shipment of unit.  Units shall pass quality control and be thoroughly cleaned prior to shipment.  A representative of the owner, the installing contractor, and the engineer may witness the testing if they choose.  The manufacture must notify the parties involve a minimum of two weeks prior to testing.

B. Cabinet Leak Testing: The cabinet shall be tested at the unit's design operating static pressures for both the high and low pressure sides.  Cabinet leakage shall not exceed a Leakage Class rating of 9 as defined by ANSI/ASHRAE Standard 111, Unit leakage rate shall not exceed ½ of 1% of unit capacity at 1.25 times the operating static pressure.  Leak testing shall be performed by measuring the airflow pumped into (or out of) the unit at the cabinet design operating static pressure.  All supply and return air openings shall be sealed along with the air seal at the supply fan to isolate the high and low side of the unit.  The air shall then be pumped into (or out of) the unit until the appropriate operating pressures are achieved.  Airflow measurements shall be performed in compliance with AMCA Standard 210.  The testing shall be performed at the factory and witnessed by the owner's representatives.  A detailed report, including all data and test methods, shall be presented to the owner.

C. Fan Vibration Testing: Fan wheel and shaft assemblies shall be dynamically analyzed after the fan, motor and drive assemblies have been installed in the unit.  The fan is analyzed with an electronic balance analyzer with a tunable filter.  Vibration measurements are taken on each bearing housing in the horizontal, vertical, and axial positions with the filter tuned to the fan RPM. .  The testing shall be performed at the factory and witnessed by the owner's representatives.  A detailed report, including all data and test methods, shall be presented to the owner.

D. Sound Testing: The equipment manufacturer shall furnish calculations showing the estimated sound power levels at the supply and, return connections, as well as unit casing radiation for each air conditioning unit.  Calculations shall be based on fan sound power levels, which were determined in accordance with AMCA Standard 300 and 301. Casing transmission loss shall be as follows:

Octave Band
2
3
4
5
6
7


25
39
48
54
58
58

PART 3 - EXECUTION

3.01 
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.

3.02 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.

B. Review data in the operation and maintenance manuals.  Refer to Division 1 Section "Contract Closeout."

C. Schedule training with Owner, through Architect, with at least 7 days' advance notice.
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