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1. General
1.1 Scope

.1 Custom designed and built Air Handling Units (AHU) to meet the specific physical and performance criteria defined in this section, related sections and in the contract documents, suitable for mounting outdoors.

.2 Factory installed fabrication with components defined in the Contract Documents, including supplementary items necessary for installation.

.3 Ensure that all internal components are accessible for maintenance and/or replacement purposes.

1.2 related work specified in other sections

.1 Refer to and comply with the following sections:

.1 Product Delivery Requirements
Section 01 65 00

.2 Systems Demonstration and Owner’s
Section 01 79 00
Instruction

.3 Shop Drawings, Product Data, and
Section 01 33 23
Samples

.4 General Mechanical Requirements
Section 20 00 13
.5 Vibration Isolation
Section 20 05 48
.6 Pipe and Pipe Fittings
Section 20 20 10
.7 Piping and Equipment Insulation
Section 20 20 30
.8 Ductwork and Breeching Insulation
Section 23 07 00
.9 Equipment Testing and Startup
Section 23 08 23
.10 Balancing and Adjusting of Mechanical
Section 23 08 83
Equipment and Systems

.11 Coils
Section 23 82 10
.12 Steam Grid Humidifier
Section 23 84 14

.13 Variable Frequency Drives
Section 26 29 23
.2 Controls
Section 23 09 Series

.3 Electrical
Division 26
1.3 REFERENCE STANDARDS

.1 ANSI/AMCA 210 – ANSI/ASHRAE 51 Laboratory Methods of Testing Fans for Certified Aerodynamic Performance Rating
.2 AHRI 410 – Forced Circulation Air Cooling and Air Heating Coils

.3 ANSI/AHRI – Central Station Air Handling Units

.4 ANSI/AHRI 610 – Performance Rating of Central System Humidifiers
.5 ANSI/AHRI 640 – Performance Rating of Commercial and Industrial Humidifiers

.6 ANSI/AHRI 1060 – Performance Rating of Air-to-Air Heat Exchangers for Energy Recovery Ventilation Equipment
.7 CSA or ETL Certification and labeling
.8 NFPA 90A – Standard for the Installation of Air-Conditioning and Ventilation Systems
.9 SMACNA – HVAC Duct Construction Standards – Metal and Flexible

.10 ANSI/ASHRAE/ESNA Standard 90.1 – Energy Standard for Buildings Except Low Rise and Residential Buildings

1.4 Delivery, storage and handling

.1 Deliver, store, protect and handle products to the site as defined in Section 01 65 00, Product Delivery Requirements.

.2 Prior to shipment, comply with the following procedures to ensure equipment delivered to site is clean and protected.

.1 Thoroughly clean interior and exterior of the unit and/or split sections.

.2 Vacuum interior of unit to remove all dust, metal shavings and such debris.

.3 Wipe down all surfaces with isopropyl alcohol, removing excess caulking.

.4 Clean and repaint any scratched surfaces, inside and out.

.5 Place a 500 g “Cargo-Drypak” desiccant by Dessicaire Inc. onto a 304 stainless steel tray into each section.

.6 Protect unit and materials from rain and other sources of moisture during shipping and on-site storage with 0.254 (10 mil) clear fire retardant polyethylene shrink wrap.

.7 Identify each section with permanent marker to indicate project, work order number and section identification for staging and installation.

.8 Submit electronic photographic record of packaging process, confirming the condition of equipment before and after packaging.

.3 As a minimum, ship product in factory fabricated protective containers with factory installed structural base and lifting lugs.

.4 Store components in a clean, dry space until site construction is ready for installation. Protect from weather and construction work. Handle with care to protect from damage to components, enclosure and finish.
1.5 Quality assurance

.1 Supply Air Handling Units designed and manufactured specifically to the requirements of this project.

.2 Comply with overall dimensions, and configuration defined in the Contract Documents.
.3 Construct Air Handling Units by a manufacturer who maintains a local parts and service agency.

.4 Electrical installation shall comply with the requirements of Division 26, and the Canadian Electrical Code.

.5 Air flow rates, external static pressures, water flow rates, coil face velocities, filter face velocities, water and air side pressure drops shall be the same or better than specified, for equivalent selections.

.6 Fans shall be AMCA certified.

.7 Coils shall be ARI certified.

.8 Provide all motors with thermal overload protection. 
.9 Construction shall comply with the Alberta Building Code. 

.10 Unit shall be listed by CSA or ETL and have the listing agency labels affixed to the unit.

.11 Manufacturer's personnel or representative shall participate at the equipment start-up by the Contractor.  A complete manufacturer's check list of field start-up tests must be submitted with operations and maintenance instructions and shall be signed by start-up technician and mechanical trade, field supervisor as certified satisfactory for operation.

.12 All components, paints, and lining shall have a flame spread rating of not over 25 with no evidence of continued progressive combustion and a smoke developed rating no higher than 50 as tested according to CAN/ULC – S102.2 Standard Method of Test for Surface Burning Characteristics of Building Materials and assemblies. 

.13 Supply replacement pulleys and sheaves for fans as required to properly balance the systems to design flows at actual job site static pressure conditions.  Obtain requirements from balancing agency (Refer to Section 23 08 83, Balancing and Adjusting of Mechanical Equipment and Systems.)

.14 Seal all unit casing penetrations made on site such as for piping, conduit, hanger rods, etc. to the satisfaction of the Air Handling unit manufacturer.  Sealing method and components shall be suitable to withstand 1.5 times the working pressure of the unit.

.15 Use the following as selection criteria and supply as specified:

.1 air flow rate

.2 external static pressure

.3 water flow rate

.16 The following are to be equalled or lowered:  

.1 coil face velocities

.2 filter face velocities

.3 sound power levels

.4 outlet velocities

.5 water pressure drops

.6 water flows

.7 internal static pressure

.8 fan motor power
SPEC NOTE:  Edit to suit. Delete if not applicable.

1.6 Factory Inspection by minister’s representative
.1 Selected Air Handling Units shall be reviewed at the manufacturer's plant during factory testing by the Minister’s representative, prior to shipment to the site.  The manufacturer shall include all travel costs of the plant visits. A minimum 10 working days’ notice will be required prior to each plant visit.

1.7 Factory Testing

.1 [All] [Selected] Air Handling Units shall have the following tests completed at the manufacturer's plant [and selected units shall be witnessed by the Minister’s representative], prior to authorization for shipment to the site. 

.2 [All] [Selected] Air Handling Units shall be factory Airflow tested to ensure it meets the specified airflow and external static pressure requirements. Tests shall be carried out in accordance with ASHRAE 51 / AMCA 210 Laboratory Methods of Testing Fans for Certified aerodynamic Performance rating. Tests shall be with all filters in location, as specified. Manufacturing company shall certify test results and forward to the consultant.  Test set-up shall be as per AMCA 210 Figure 7.  Outlet duct setup – Pitot traverse in outlet duct.

.3 Measure motor amperage and confirm on a fan curve that the unit is capable of delivering the specified air volume and static pressure losses with dirty filters.

.4 [All] [Selected] Air Handling Units shall be factory leak tested to ensure that the unit meets a SMACNA Seal Class “A”. The leakage test shall be carried out at 150% of the total operating supply fan static pressure and the total sum of leakage rates for all sections shall not exceed 1% of the unit rated air flow. Tests shall be carried out in accordance SMACNA HVAC Air Duct Leakage Test Manual.  Tests shall be carried out with unit completely assembled and with duct connection locations sealed with temporary metal covers. Units shall be tested under positive for sections that are positive under normal operating conditions and negative pressure for sections that are negative under normal operating conditions. Positive and negative sections will be separated by a temporary blanking plate. The total sum of leakage rate is the summation of the leakage from the positive sections plus the leakage rate from the negative sections. Manufacturing company shall certify test results and forward to the consultant within 24 hours of the test. [The leakage test shall be witnessed by the Minister’s representative, Consultant and manufacturer’s representative.]
.5 [All] [Selected] Air Handling Units shall be factory sound tested to ensure units do not exceed specified sound power levels. In-duct sound power measurements shall be taken for all duct connections to the unit. Tests shall be carried out in accordance with ASHRAE 68 / AMCA 330 Laboratory method of in-duct sound power measurement procedure for fans. Tests shall be with all filters in location, as specified. Manufacturing company shall certify test results and forward to the Consultant. See Item 1.9 below for testing and performance criteria.
.6 In the event of a unit failing to meet the specified requirements, take corrective action to ensure that the units meet the specified requirements. Once corrective action has been taken, all tests described above shall be redone. The Minister’s representative shall witness the retesting. The manufacturing company shall include all travel costs for the Minister’s representative to return to the plant for the retest. The unit will not be authorized for shipment to site until such time as all testing listed above is proven to meet the specified requirements.

1.8 Field Testing

.1 All Air Handling Units, shipped in sections, shall have the following tests completed on site prior to duct connection to the units. The Minister’s representative and the representative of the manufacturer shall witness all testing. A minimum 5 working days’ notice will be required prior to each site visit.

.2 All Air Handling Units, shipped in sections, shall be field leak tested by the Contractor to ensure that the unit meets a SMACNA Seal Class “A”.  The leakage test shall be carried out at 150% of the total operating supply fan static pressure and the total sum of leakage rates for all sections shall not exceed 1% of the unit rated air flow. Tests shall be carried out in accordance SMACNA HVAC Air Duct Leakage Test Manual.  Tests shall be carried out with unit completely assembled and with duct connection locations sealed with temporary metal covers. Units shall be tested under positive for sections that are positive under normal operating conditions and negative pressure for sections that are negative under normal operating conditions. Positive and negative sections will be separated by a temporary blanking plate. The total sum of leakage rate is the summation of the leakage from the positive sections plus the leakage rate from the negative sections. Manufacturing company shall certify test results and forward to the consultant within 24 hours of the test. The leakage test shall be witnessed by the Minister’s representative, Consultant and manufacturer’s representative.
1.9 acoustic testing and performance criteria

.1 Conduct sound tests at the unit manufacturer’s test facility under AMCA 320, Laboratory Methods of Sound Testing of Fans Using Sound Intensity.

.2 Conduct sound power level test for each unit under scheduled operating pressures and air delivery. Measure sound power level at the AHU supply outlet, return inlet, exhaust outlet and outside air inlet, as well as casing radiated sound.

.3 The Air Handling Unit sound power levels must not exceed the following criteria for sound power levels in decibels (dB).

SPEC NOTE: The sound power levels provided in the following table must be carefully examined for each unit on each project.  This table represents a starting point only for coordination between the acoustics specialist and the unit manufacturer.

	Location
	Average
	63 HZ
	125 HZ
	250 HZ
	500 HZ
	1K HZ
	2K HZ
	4K HZ
	8K HZ

	Units from 10,000-15,000 cfm (Where specifically applicable)

	Inlet
	84
	83
	81
	81
	79
	78
	77
	75
	73

	Outlet
	91
	91
	84
	92
	88
	86
	80
	76
	72

	Casing
	71
	85
	77
	77
	66
	60
	54
	51
	48

	Units from 15,001-25,000 cfm (Where specifically applicable)

	Inlet
	85
	84
	86
	80
	80
	81
	78
	74
	67

	Outlet
	93
	94
	90
	92
	92
	89
	82
	79
	74

	Casing
	72
	84
	81
	78
	68
	62
	56
	53
	48

	Units from 25,001-35,000 cfm

	Inlet
	87
	84
	92
	87
	83
	81
	78
	77
	73

	Outlet
	94
	92
	95
	97
	92
	87
	82
	79
	74

	Casing
	73
	83
	85
	78
	66
	59
	54
	52
	48

	Units from 35,001-45,000 cfm

	Inlet
	93
	94
	96
	90
	89
	89
	82
	76
	72

	Outlet
	95
	97
	95
	96
	95
	89
	82
	80
	75

	Casing
	78
	92
	88
	83
	73
	66
	57
	53
	49

	Units from 45,001-55,000 cfm

	Inlet
	84
	101
	97
	83
	77
	75
	68
	65
	64

	Outlet
	95
	98
	98
	95
	94
	89
	80
	76
	92

	Casing
	77
	94
	90
	80
	68
	60
	55
	53
	49

	Units from 55,001-65,000 cfm

	Inlet
	89
	92
	97
	88
	87
	84
	77
	71
	68

	Outlet
	98
	103
	103
	98
	96
	92
	90
	78
	74

	Casing
	78
	93
	92
	81
	71
	64
	59
	49
	46

	Units from 65,001-75,000 cfm

	Inlet
	95
	100
	102
	95
	93
	89
	86
	83
	78

	Outlet
	95
	100
	102
	95
	93
	89
	86
	83
	78

	Casing
	77
	96
	91
	78
	66
	59
	55
	53
	49

	Units from 75,001-larger cfm

	Inlet
	87
	105
	99
	85
	81
	78
	70
	68
	68

	Outlet
	96
	102
	103
	97
	94
	90
	86
	84
	79

	Casing
	79
	99
	92
	79
	67
	60
	55
	54
	50

	
	
	
	
	
	
	
	
	
	


1.10 Submittals

SPEC NOTE: Edit to suit.

.1 Shop drawings to include all general information defined by Section 01 33 23, Shop Drawings, Product Data and Samples. Omission of any of the requirements identified in the above referenced section(s) and as specified herein will cause shop drawings to be immediately returned without review.

.2 Submit shop drawing which shall include the following minimum information. 

.1 Overall outside dimensional drawing including service clearances.

.2 Dimensional and construction details.  Submit unit construction drawings for the following components:

.1 Side panels, including connection details

.2 Top panel, including connection details

.3 Floor, including connection details

.4 Doors, hinges, latch, viewing port

.5 Fan, motor and drive, mounting and isolation

.6 Coil section

.7 Pipe and conduit penetration through casing or floor

.8 Drain pan

.9 Damper, linkage and drive construction and mounting

.10 Air blender
.11 Service corridor.

.3 Material and gauge of all construction components.

.4 Unit splits, point loads, and recommended methods of unit installation and lifting.

.5 AMCA certified fan performance curves for the entire bank of fans in a fan array system, as well as fan performance curves for a single fan unit.

.6 Electrical voltages, phase and power requirements.

.7 Make, model, selection criteria and pressure drop curves of air blenders.

.8 Selection criteria for coils, indicating air side and fluid side capacities, in and out conditions, velocities, pressure drops and fouling factors.  Submit a drawing showing headers, circuiting, arrangement, connection sizes, and materials of construction.

.9 Air filters media, efficiency rating, velocity, pressure drop charts and capacities.  Indicate mounting method and arrangement.

.10 Vibration isolation on fans. 

.11 Humidifier shop drawings and capacities.  Refer to Section 23 84 14.

.12 Table indicating pressure drops through all components of the unit, including backdraft damper and dispersion screen on fan discharge as applicable.

.13 Damper Shop Drawings.
.14 Detailed composite wiring diagrams showing factory installed wiring, including wiring of the control components.

.15 Sound power levels generated by the air handling unit and casing radiated noise levels outside the fan section as outlined in Article 1.9, Acoustic Testing and Performance Criteria.

.16 Neoprene lining specification including erosion resistance data.

.17 Variable Frequency Drive assemblies and motor shop drawings and data. Refer to Section 26 29 23, Variable Frequency Drives.
.18 Manufacturer performance information for humidifiers.
.19 Manufacturer performance information for heat recovery wheel.
.3 Submit photographic evidence of packaging procedures as outlined in Article 1.4.2 of this section.

.4 Submit all factory test data outlined in this section.

.5 Submit detailed test data on internal component pressure drops, fan pressure allowance for dirty filters and available external static pressure at unit discharge and unit air inlet.
2. Products

2.1 Acceptable Manufacturers

SPEC NOTE: Edit as required.

.1 Haakon, Engineered Air, Trane Custom, Scott Springfield, Silent Air, Hunt Air.
2.2 Type

.1 Provide factory assembled air handling unit in configuration as indicated on the drawings.  Unit shall include all specified components installed and tested at the factory.  Field fabrication of units and their components will not be accepted.  All units shall be completely assembled and inspected [by the Minister’s representative prior to shipment].
SPEC NOTE: Edit to suit.

.2 Air Handling Units may consist of but not be limited to the following components:

.1 Supply fan

.2 Return fan

.3 Preheat coil

.4 [Heat recovery coil]
-or-

.5 [Heat recovery wheel]
.6 Reheat coil

.7 Cooling coil

.8 Summer prefilter

.9 Winter prefilter frame

.10 Final filter

.11 Steam grid humidifier

.12 Motorized exhaust air section

.13 Motorized outdoor air section complete with separate minimum outdoor air section

.14 Motorized return air section

.15 Air blender

.16 Access sections

.17 Discharge air damper

.18 Service corridor

.19 [              ]
2.3 Cabinet

.1 Walls and Ceilings:
.1 Double wall panel construction with at least two breaks at each joint.  Wall joints to be broken inward seal all panel joints. Casing depth to match the specified insulation thickness.  Inside surfaces shall be clean and flush, free of exposed flanges. Roof panels to be broken outward to provide a lapped joint watertight seal. Roof shall be sloped away from the access side.
.2 Stiffeners of angle steel shall be supplied as required to maintain casing deflection criteria of 1/200 at 1.5 times the working pressure.  If panels cannot meet this deflection, add addition internal reinforcing.
.3 Minimum 1.6 mm G90 galvanized steel exterior panels with air dried enamel finish.  Colour by Architect.
.4 Insulate all exterior walls and roof with 100 mm thick rigid fibrous glass acoustic insulation, minimum 68 kg/m³ density.

.5 Minimum 0.9 mm solid G90 galvanized steel inner panels.
.6 Provide an airtight seal barrier between exterior panels and frame.
.2 Base and Floor:

.1 Construct a structural steel base, complete with a minimum 150 mm deep; epoxy coated perimeter C-channel iron frame and intermediate structural channels at 300mm on centres.

.2 Fabricate base using electric welding procedures on structural components to AWS D1.1. Galvanize assembly to G120 galvanized steel.

.3 Construct floor assembly with minimum 3.25 mm tread plate. Insulate underside with polyurethane closed cell foam or rigid fibrous glass to provide R-12 insulating performance or greater. Secure floor to structural members below with no penetrations through the floor skin. All seams shall be continuously welded.
.4 Provide a 38 mm perimeter collar around the entire unit, and around each floor opening to ensure the unit is internally watertight.  The entire base shall act as a drain pan and hold up to 38 mm of water.
.5 Enclose the insulation on the bottom of the floor plate with 1.0 mm galvanized sheet metal.
.6 Thermally isolate all points of contact between the floor, vapour barrier, and structure.
2.4 Access Doors

SPEC NOTE: Edit Door size if reduced door sizes are specified for unit length reduction.

.1 Provide insulated hinged man sized access doors.  

.1 Construct access doors to be the same as casing each complete with 250 mm x 250 mm or 300 mm diameter round double glazed tempered glass hermetically sealed viewing window.  

.2 Provide minimum two (2) Ventlock latches per door, operable from both sides.  

.3 Hinges shall be continuous stainless steel piano hinges.

.4 Doors to be sealed with automotive type 13 mm closed cell hollow round black gasket with a metal encapsulated reinforced backing that mechanically fastens to the door frame (foam gaskets are not acceptable).  

.5 Door sizes to be minimum 600 mm x 1800 mm or larger as required to facilitate component removal.

.6 All access doors must swing against the air pressure.

.7 Provide a rain lip above access door.

.2 Provide access doors for the following sections:

.1 Fan Section

.2 Humidifier Section

.3 Preheat Coil Section

.4 Reheat Coil Section

.5 Cooling Coil Section

.6 Final Filter Section

.7 Summer Prefilter Section

.8 Winter Prefilter Section

.9 Mixing Section

.10 Access Sections

.11 Heat Wheel Section

2.5 Finish

.1 All unit panels, base structure and liners shall be finished with a suitable coating that will meet ASTM B-117 requirements for 1200 h salt spray resistance.

2.6 Marine Lights and duplex outlets and wiring
.1 Provide marine type lights in all sections having an access door on all units.  Lights shall be factory installed and wired to a single pilot lighted switch located outside the supply fan access door.  Marine lights shall have protective metal cage and glass globes.  
.2 Provide duplex receptacle beside the switch adjacent to the fan access door.  
.3 Wire power connection in metal conduit to all lights and duplex outlet to one location for connection by Division 16.  All wiring to be copper, minimum size #12 RW90.
.4 Light and duplex outlet power to be fed from a separate source so that the lights can operate when the unit is off.

.5 For split units, the equipment vendor shall retain and coordinate electrical contractor to provide labour for wiring between sections.
2.7 Drain Pans

.1 On units without stacked coils, provide a single fabricated 1.6 mm Type 304 stainless steel recessed drain pan under cooling coils and humidifier in compliance with ASHRAE Standard 62. On units with stacked coils, provide a separate stainless steel drain pan under each stacked coil with a 25mm stainless steel interconnecting drain line.  On all units, provide a secondary stainless steel drain pan extending under the entire access section downstream of the cooling coil, and the humidifier section.  Provide a drain pan to drain the fresh air intake or mixing plenum.  Double slope all drain pans to the drain connection and pipe all drains to exterior side of unit.

.2 Insulate the underside of the entire recessed drain pan with two part sprayed on polyurethane closed cell foam or rigid fibrous glass insulation to match the bottom of the C-channel base.
SPEC NOTE: Use either Article 2.9 or Article 2.10, depending on the unit configuration designed.

2.8 centrifugal Fans

.1 Acceptable Fan Manufacturers:

Trane, Chicago, Northern, Loren Cook, Twin City, Barry Blower, CES Group.

.2 Fans to be [single width,] [double width,] [backward inclined airfoil,] centrifugal type.  Fan to be both statically and dynamically balanced.

.3 Provide a complete airflow measuring station in each fan inlet cone, with static pressure taps and total pressure tubes. The entire air flow monitoring probe must be located outside the inlet throat as to not obstruct the air flow.  Flow measuring station to provide an analog to digital CFM readout using a 4-20 mA output control signal for BAS interface. 
.4 Fan selection shall be based on actual air conditions at the geographical location of the unit.  Select fans in the midrange of their performance capabilities such that increasing the RPM of the fan to achieve an additional 15% air flow delivery through the specified unit will not change the fan Class or require an increase in motor horsepower.

.5 Fan shafts are to be solid, ground and polished, carbon steel, SAE 1045 material, machined to close tolerances, keyed to the fan wheel.  Coat the fan shaft with rust inhibitor after machining.  Hollow shafts will not be acceptable.

.6 Fan bearings shall be in self aligning pillow block, grease lubricated, and extra heavy duty spherical roller type, selected for an L10 life of 200,000 hours at design operating conditions.  Bearings are to be mounted on the fan structural bracing.  Provide extended lubrication lines to permit lubrication for both bearings to be performed at the access door side.
.7 Provide variable sheaves for motors 11 kW and under and fixed sheaves for motors 15 kW and over.  Exchange sheaves as necessary during balancing.

SPEC NOTE: Edit if variable frequency drive not required, or if VFD is to be supplied by mechanical trade.

.8 Mechanical trade to supply variable frequency drives and wiring interface to the Fan Array Panel.  Comply with Section 26 29 23, Variable Frequency Drives.

.9 Entire fan assembly including fan scroll, wheel and motor to be integrally mounted on an [inertia base] [spring vibration isolation base] and to be separated from unit casing with flexible connections and spring isolators. Concrete may be poured into steel base on site but fan and base must be factory mounted.

.10 Belt guards shall have sides of galvanized steel and faces of expanded metal.  Provide a face on both the outside and the inside of the drive assembly.  Provide openings in the faces for fan and motor tachometer readings.  Belt guard shall be sized to allow either sheave to be increased by two sizes.  Belt guards shall be OSHA approved fully enclosed metal bolt guard.
.11 Fan drives shall be of a multiple V-belt banded configuration. The drive system combination shall be of one manufacturer and shall be suitable for a centrifugal fan application and shall be rated by the drive manufacturer for the motor horsepowers and fan and motor RPMs provided by the Air Handling Unit manufacturer. Selection of the drive system shall be made by a synchronous drive system manufacturer regularly engaged in the manufacturer of these drive components.  The internally mounted motors shall be provided on a slide rail base to allow proper adjustment of belt tension.
SPEC NOTE: Use Article 2.10 – Fan Array in place of Article 2.9 when appropriate.

2.9 Fan array and related components

.1 Fan Array System

.1 The fan array system shall consist of multiple, direct driven, arrangement 4 Class III plenum fan, certified for the duty specified in accordance with ANSI/AMCA Standard 210 for air delivery and in accordance with AMCA Standard 300 for sound power levels and shall bear the AMCA Seal.  The air flow capacity of the fan array system shall provide 100% redundancy when one fan fails.  Unless otherwise noted, each air handling unit fan array shall consist of (2) ‘A’ & ‘B’ controlled fan array halves which are either equally split or controlled in a “checkered board” arrangement.  Each ‘A’ & ‘B’ fan array shall be controlled by its own VFD.  All fans shall be selected to deliver the specified airflow quantity at the specified operating total static pressure and specified motor speed.  The fan wall array shall be selected to operate at a system total static pressure that does not exceed 90% of the specified fan’s peak static pressure producing capability at the specified fan/motor speed.  Each fan/motor “cube” shall include an 11 gage; A60 galvanized steel motor support plate and structure.  The fan air inlet cone, and motor support structure shall be powdered coated for corrosion resistance.  All motors are standard T-frame pedestal mounted type, (TEAO) or (TEAC), selected at the specified operating voltage, rpm, and efficiency as specified or as scheduled elsewhere.  All motors are to be compatible for inverter duty, and include isolated bearing or shaft grounding. To ease the replacement of the assembled fan/motor, the motor must not to exceed the nominal rating of 7.5 kW, unless otherwise specified.

.2 Submit acoustical data as outlined in Article 1.9, Acoustic Testing and Performance Criteria, for review and approval prior to bid indicating the equipment can meet all specified performance requirements. 

.3 The fan array shall consist of multiple fan and motor assemblies, spaced in the air way tunnel cross section to provide uniform airflow and velocity profile.  Wire each individual fan motor individually to a power disconnect located in the fan array panel.  

.4 The manufacture of the array is responsible to determine if the addition of vibration isolators are required to meet the vibration requirements within this specification. 

.5 Provide each fan assembly with an AMCA certified backdraft damper designed and rated for close coupled to fan outlets to isolate the fan/motor assembly that is failed on standby or being removed from the fan array. Function is to prevent air bypass through a fan assembly when not in operation. The backdraft damper shall be constructed of extruded aluminum frame and blades with low friction bearings for long life continuous operation. Pressure drop across the device shall not exceed 12.5 Pa (0.05 in WC).

.6 Each fan array shall include at least one fan assembly with a complete airflow measuring station to indicate airflow in CFM. The flow measuring system shall consist of a flow measuring station with static pressure taps and total pressure tubes located at the fan inlet cone. The flow measuring station shall provide an analog to digital CFM readout using a 4-20ma or 0-10 volt output control signal for use in the BAS. 

.7 Vibration levels at the AHU unit base structure shall not exceed 55 db re 1 micro G at 1/3 octave band readings from 5 Hz to 100 Hz, natural frequency. Submit testing results confirming compliance.

.8 Fan, motor, and mounting rail shall be dynamically balanced to meet AMCA Standard 204-96 at the design operating RPM to Fan Application Category BV-3, Balance Quality Grade G6.3.C, with a rotational imbalance for the fan/motor/structural support assembly not to exceed 0.022 in/s peak, filter in.

.9 Fan motors are premium efficiency and compatible for inverter duty. 

.10 The manufacturer shall provide a complete spare fan/motor assembly for emergency replacement, 
.2 Fan Array Panel

.1 The fan array volume delivery will be controlled by the BAS.  The panel will contain only the basic electrical components.  It shall not execute any programmed logic specified in the sequence of operation.  The panel shall provide terminal strips necessary for connection to VFD’s.

.2 General

.1 Comply with all applicable codes and regulations.
.2 DDC or PLC controllers shall not be utilized.

.3 Short circuit and over current protection shall be manually reset.

.4 All safeties, relays, and field wiring shall be fail-safe.

.5 Provide electrical disconnect means for each fan in the fan array.

.6 Current sensors shall be split core with LED indicator and field adjustable per fan.

.7 Plug in pin relays with status LED shall be provided.

.8 Provide “Lamp Test” push button.

.9 Panduit or equivalent shall be utilized for panel wiring.

.10 Termination strips, contactors, relays, current sensors, switches, and any other apparatus shall be labeled in approved manner as deemed by the Owner.

.3 Panel Termination Strip

.1 Provide termination strips for Section 23 09 (Series), Controls, BAS field control wiring. Termination strips shall have but not limited to a VFD Start/stop input, VFD speed input, VFD speed feedback output, VFD fault output, VFD control apparatus outputs and inputs. Section 23 09 (Series), Controls, shall supply, install and wire to the terminal strip the VFD control apparatus outputs and inputs.  Provide one termination strip for “A” and “B” from assemblies.
.2 Each fan motor in the fan array shall have a current sensor wired to the BAS field wiring terminal strip. Section 23 09 (Series), Controls, shall series all current sensor at the termination strip to create one BAS fan status input or series specific fans as necessary to comply with the sequence of operation. 

2.10 Motors

.1 Motors shall be premium efficiency type, suitable for VFD interface. All motors to be by the same manufacturer.

Spec Note:
Edit as appropriate for fan array system or centrifugal fan system.
.2 Factory mount motors and wire to [an external disconnect switch,] [the fan array panel].  Disconnect switch by air handling unit manufacturer. Run wiring in EMT liquid-tight conduit/raceways.

2.11 Vibration Isolation

.1 Each fan and motor are to mounted on an all welded, structural steel, prime coated, internal isolation base, completed with open spring isolators with an internal isolation efficiency of at least 98% from the building structure. Isolators shall be free standing with sound deadening pads and levelling bolts.  Spring diameter to compressed operating height ratio shall be 1 to 1.  Spring deflection shall be 50 mm.  The outlet of the fan shall be separated from the unit casing by means of a factory installed flexible fabric connection.  

.2 Manufacturer to provide independent data for internal isolation bases.  If 98% efficiency cannot be met, cost of inertia bases shall be the responsibility of supplier.
2.12 Filters

SPEC NOTE: Select option.

.1 Filters containing urea formaldehyde or fiberglass are not acceptable.

.2 50 mm, pleated summer prefilter, average efficiency MERV 8 on ASHRAE Test Standard 52.2-2007, Addendum B, Appendix J. Comply with Section 23 42 00, Particulate Air Filters, for detailed filter specifications.

.3 Frame only for winter prefilter, same as summer filter frame.

.4 [305 mm, deep pleated final filter, average efficiency MERV 13 on ASHRAE Test Standard 52.2-2007, Addendum B, and Appendix J]. Comply with Section 23 42 00B, Particulate Air Filters.

.5 Galvanized mounting racks to suit specified filter type.

.6 Limit filter velocity based on face area to less than 2.5 m/s.
.7 Provide one Dwyer 2000 magnehelic filter gauge for each bank of filters, including for each position of prefilter.  Flush mount gauge on the exterior of the unit.

2.13 Coil Sections

.1 Enclose coils in coil sections with headers and U-bends fully contained within the casing.  Comply with Section 23 82 10, Coils.

.2 Extend coil supply and return header connections, drain and vent fittings through casing.  Coil connections shall be of same material as the coil headers.

.3 Coil racks to be galvanized steel angle, providing completely independent support for each coil.  Each coil is to be separately removable without disturbing the other coils.  Provide removable coil access panels in the unit casing.

SPEC NOTE: Use Clause .4 if using split coils and delete Clause .3.

.4 Each coil section shall consist of at least two coils, each Coil to represent ½ the width of the total coil.  Coil racks to be galvanized steel, providing completely independent support for each coil.  Each coil is to be separately removable without disturbing the other coils.  Provide removable coil access panels in the unit casing.

.5 Construct cooling coil racks using 304 stainless steel.  Section 2.8 on drain pans.  Maximum cooling coil face velocity to 2.5 m/s.
.6 Provide adequate plenum space downstream of the cooling coil to contain all moisture from the cooling coil before the air stream impinges onto the next component.

SPEC NOTE: Use 2.5 m/s for heating coil if cooling coil is used in the unit.

.7 Maximum heating coil face velocity to [2.5 m/s] [3.0 m/s].

SPEC NOTE: Select humidifier type.

2.14 Humidifiers

.1 Provide steam grid humidifier.  Comply with Section 23 84 14B, Steam Grid Humidifiers.

.2 Provide pre-piped and supported steam distribution manifold piped to exterior of casing.

.3 Steam valve shall be modulating [pneumatic] [electric] [electronic] normally closed type.

.4 Provide humidifier separator for field mounting exterior to the unit, complete with a steam trap and strainer.

2.15 Mixing Section

.1 Configure to ensure complete mix of air.  Arrange dampers to direct the air flow from one set of blades into the other.  Set return dampers to direct air at minimum outdoor air damper when fully open.

.2 Provide a separate minimum outdoor air damper section, at the side of the overall fresh air section, closest to the return air section.  Provide manual balancing damper downstream of the minimum outdoor air damper.

.3 Utilize damper sections which extend across unit width plane with maximum width not exceeding 1200 mm per section.

2.16 Air Blender

.1 Provide static air blenders downstream of mixing section to eliminate air stratification.

.2 Fixed curved blades with no moving parts.

.3 Blades fabricated from 1.6 mm satin coated galvanized steel.

.4 Static pressure loss shall not exceed 62 Pa.

2.17 Dampers

.1 Outside air dampers shall be low leakage type dampers with hollow blades filled with extruded polyurethane insulation; Tamco 9000 or equal.  Outside air dampers shall be insulated and “R” value of the total damper as a unit of not less than R 0.35 °C m2/W. 
.2 Return air dampers shall be non-insulated; Tamco 1000 or equal.

.3 Damper blades shall be minimum 2.75 mm extruded aluminum.  Blades shall be of air foil design, 150 mm wide, maximum blade length 1200 mm.

.4 Damper seals shall be designed for minimum air leakage by means of overlapping seals.

.5 Frames shall be minimum 2.75 mm extruded aluminum channel with grooved inserts for seal.

.6 Install blade linkage hardware in frame out of air stream.  

.7 Arrange linkage and provide an adequate number of damper operators to ensure that the interconnected damper sections operate in unison without binding.

SPEC NOTE: Edit as required.

.8 The [outdoor,] [return] and [exhaust] dampers shall be integral part of the Air Handling Units and shall be factory supplied and installed.

.9 Select outdoor and exhaust dampers at 5 M/s face velocity.  Select return air damper for pressure drop similar to exhaust damper, ductwork and louvre.

.10 Controls contractor shall supply and field install damper operators.  Extend drive and provide mounting bracket to place outdoor air actuators outside air stream.  Check unit and room height to ensure adequate space if extended through top of cabinet.

SPEC NOTE: This section applies if DX cooling used with remote condensers.

2.18 direct expansion cooling

.1 Refer to Section 23 63 13, Air Cooled Condensing Units, for remote condenser specifications and Section 23 84 14 Coils.

.2 Evaporator Coil

.1 Rated to ARI Standard 210-75.

.2 Staggered seamless copper tubes expanded into aluminum fins complete with drain pan and coil slide-out rails.

.3 Interlaced row circuiting for multi-compressor system, with each compressor on a totally independent refrigeration circuit complete with independent expansion valve.

.3 Refrigeration Piping & Specialties

.1 Refer to Section 20 40 40, Refrigeration Specialties.

2.19 enthalpy heat recovery wheel
.1 Acceptable enthalpy heat recovery wheel manufacturers are SG (Seibu Giken) America, Semco.
.2 Provide an enthalpy heat recovery wheel sized per the ventilation requirement of the unit. Construct the module with internal bypass dampers to relieve the pressure drop across the wheel when the wheel is not operating.

.3 The enthalpy heat recovery wheel shall be ARI 1060 certified. The air-handling unit nameplate shall bear the ARI 1060 certification label. The energy recovery cassette shall be an Underwriters Laboratories (UL) Recognized Component certified for mechanical, electrical and fire safety in accordance with UL Standard 1812. The calculated total net effectiveness of the recovery device shall be not less than 70% when the specified ventilation flow rate equals the exhaust flow rate.

.4 The enthalpy heat recovery module shall incorporate a rotary wheel with all necessary seals, drive motor, and drive belts. The enthalpy heat recovery wheel shall incorporate a desiccant without the use of binders or adhesives. Coated segments shall be washable using standard detergent or alkaline-based coil cleaners. The desiccant shall not dissolve in the presence of water or high humidity.

.5 Flame and Smoke Test and Rating: Enthalpy Recovery Wheels shall have a flame-spread rating of 25 or less and smoke-developed rating of 50 or less as tested in accordance with ASTM E84.

.6 The energy recovery wheel shall be assembled from corrugated sheets of coated aluminum interleaved with a coated smooth liner in a winding to form the wheel which creates a large number of axial air flow passages or flutes. Flutes must pass 800 micron sized particles. A smooth flange shall be attached to the outer diameter of the wheel where the peripheral seat is to be installed. Energy recovery wheels shall be manufactured of aluminum treated for corrosion resistance and shall include a high water vapor capacity ion desiccant media with low co-adsorption characteristics to absorb and transfer humidity in the vapor phase. The substrate and desiccant shall be coated with a permeable bacteria-static treatment. Wheels shall be capable of cleaning by vacuum, with a water and detergent wash or, low-pressure compressed air. Wheel surfaces shall be smooth to provide consistent+ seal gap for the labyrinth seal.

.7 The cassette of the rotary heat exchanger shall have a built-in purge section providing a minimum cross contamination of exhaust air to the supply air. The purge angle and purge air volume shall be determined by the manufacturer considering the air face velocity, the wheel rotational speed and the differential air pressure between the entering outside air and the entering exhaust air streams. Purge: Cassette shall be complete with a built-in purge section to limit carry-over of exhaust air to the supply air stream to 0.04% when operated under design conditions.

.8 The motor shall be supplied with labyrinth face seal, which at no time are required to make contact with any rotating surface of the exchanger rotor. For optimum performance, these multipass seals shall utilize four labyrinth stages.

.9 Wheels of more than 1.73 m in diameter shall be of segmented construction, with a minimum of four sections. Wheels of more than 2.9 m in diameter shall be of segmented construction, with a minimum of six and a maximum of 12 sections. The manufacturer shall provide the rotor media in a segmented fashion to allow for field erection or replacement of one section at a time without requiring side access. The media shall be rigidly held by a structural spoke system made of extruded aluminum. The spokes shall not require tuning or threaded tie-rods to compensate for out of roundness of the wheel. The encased pie segments shall be bolted to the hub, to each other and to the periphery flange/rim. Each media to spoke and media to rim joint shall be sealed with high grade weather resistant low vapor emitting caulking to prevent air from bypassing the media.

.10 Construct the cassette of heavy wall welded tube to ensure rigidity and stability. Galvanized block off and casing side panels shall be removable to provide easy access to internal parts. Cassettes less than 1.73 m wheel diameter shall be factory assembled mechanically tested and shipped as one piece. Larger cassettes with wheel diameters greater than 1.73 m shall be shipped in sections after factory assembly and mechanical testing. The cassette casing shall include blank turned-in flanges to permit field attachment to AHU bulkheads.

.11 Isolate the supply and exhaust air stream from each other by means of adjustable seals secured to the cassettes panels and duct dividers/air partitions.

.12 The rotor shall be a structural framework, which limits the deflection of the rotor due to air pressure loss to less than 0.80 mm. The housing sheet metal shall be made of galvanized steel to prevent corrosion. The housing structural framework shall be of tubular construction painted with epoxy paint.

.13 The rotor shall be supported by two pillow block bearings, which can be maintained or replaced without the removal of the rotor from its casing or the media from its spoke system.

.14 The rotor shall be driven by a self-adjusting belt system. The manufacturer shall provide an A/C motor with internal overload protection for variable speed applications.

.15 Variable speed control shall be accomplished by the use of an A/C inverter. The motor and drive system must allow for a turndown ratio of 80:1 (20 rpm to ¼ rpm; 60 Hz to 1 Hz). Variable speed drive shall be supplied and installed by the wheel manufacturer.

.16 Wheel Drive System: The wheel shall be driven by a V-belt installed around the outside of the wheel. A gear motor shall be installed and sized to drive the wheel through its complete speed range for all seasons and speed control scenarios. The gear-motor shall be VFD-rated for variable speed operation. The gear-motor is to be rated for 575/3/60 power supply. The gear-motor shall be factory mounted.

.17 Controls: The control of wheel rotational speed is to be by the use of a variable frequency drive (VFD) rated for the full rpm range of the wheel and the full load amps of the gear-motor. The wheel speed shall be modulated in response to a signal from air stream temperature sensors mounted in the air ducts. The temperature sensors shall be supplied by the wheel manufacturer for field mounting. The manufacturer shall supply the speed controller which shall process the temperature signals, output a signal to the VFD and relay alarms to the building control system. The speed controller shall be energized by a remote signal from the Owner’s BMS or an interlock with the supply air fan contacts. The controller shall include local manual set point adjustment. The speed controller shall include an internal transformer/power supply from an input of 115/1/60 power supply.

.18 Wheel bearings shall be permanently sealed and lubricated and have a minimum L-10 life of 400,000 hours.

.19 Mount the wheel drive motor in the cassette frame. The wheel drive motor shall be thermally protected and UL Component Recognized. Drive belts shall not require belt tensioners.

.20 Provide access doors immediately upstream and downstream of the energy recovery wheel cassette. Provide adequate space for cleaning, service and maintenance of the wheel, motor, bearings and belt.

.21 Provide frost control prevention by air preheat. Winter design supply and exhaust air conditions leaving the energy wheel provided by the unit manufacturer shall include any derate in performance due to frost protection measures.

2.20 silencers

.1 Provide sound attenuators within the air handler as scheduled.

.2 The silencer outer casing shall be constructed of 22 gauge galvanized steel and all seams lock formed and mastic filled.

SPEC NOTE:  Use “encapsulated” option for Healthcare Facilities.

.3 Filter material shall be glass fiber [encapsulated with Tedlar] with a sufficient density to obtain the acoustic performance and packed not less than 5% compression to eliminate voids due to vibration settling. Material shall be inert, vermin and moisture proof. The combustion rating for the acoustic fill shall not be less than 20/20/25 when tested in accordance with ASTM E85.
.4 Silencers shall withstand a differential air pressure of 2000 Pa.

.5 The silencer ratings shall be determined in accordance with ASTM E-477 in duct-to-reverberant room test facility. The testing shall be by an accredited independent party.
2.21 test ports
.1 Provide 25 mm diameter test ports for air stream testing in each plenum section between each component within the Air Handling Unit.
.2 The test ports shall have a 25 mm stainless steel tube that extends between the inside and outside of the unit and screwed cap on the exterior to allow access. 

.3 The test ports shall be flanged on the exterior to allow air seal and flanged on the interior to cover the penetration of the casing.
2.22 service corridors

.1 Provide service corridors where defined on the contract documents.

.2 The corridor shall be [     ] mm” wide and along full length of the unit.  The height of the service corridor shall be equal to the height of the unit.

.3 Structural base frame of the service corridor shall be an extension of the AHU base frame, and shall be supported on a common roof curb with the AHU.

.4 The wall, floor, roof, doors, etc., construction shall be same as the AHU.  Line interior of roof and walls with 0.85 mm smooth aluminum liner.

.5 Provide one marine light every 1800 mm, with a minimum of two (2) marine lights.  Wire lights to a single weatherproof lighted switch located outside the access door.  Lights to be fed from same source as lights in unit.

.6 Provide two (2) grounded convenience outlets (120 V/1 Phase) fed from separate breaker from lights by Division 16.

SPEC NOTE: Select option.

.7 Provide one [    ] kW capacity vertical [electric] [hydronic] unit heater, complete with a local disconnect switch and wall mounted electric thermostat.

SPEC NOTE: Use .8 only if service corridor used as exhaust plenum.

.8 Use service corridor as exhaust plenum.  Provide weather louvers on the service corridor wall, complete with backdraft damper.  Mount motorized damper on common wall between service corridor and AHU return plenum.

SPEC NOTE: This section applies if DX cooling utilized.

2.23 roof curbs

.1 Construct from 2.75 mm galvanized steel, with 50 mm x 100 mm nailing strip around the entire perimeter

.2 Insulate interior of the curb with 50 mm thick, 24 km/m3 neoprene coated fiberglass insulation.

.3 Provide a 25 mm x 19 mm closed cell neoprene sealing gasket to seal the perimeter joint between roof curb and air processing unit.

.4 Minimum curb height [300] [450] [600] mm.
3. Execution

3.1 Assembly

.1 Do not operate unit for any purpose, temporary or permanent, until duct cleaning has been completed, filters are in place, bearings have been lubricated and system tested under the manufacturer’s direct supervision.

.2 Contractor shall verify opening dimensions and installation methods to ensure unit sections and components can be physically installed into the designated space. 

.1 The contractor has the responsibility to transport sections to the Project Site and manufacturer’s representative shall help supervise reassembling the sections together for all air handlers. Contractor shall unload and hoist the sections onto the designated floor space. 

.2 Reassemble the sections together for all air handlers in their footprint under the direction of the manufacturer. 

.3 Additional unit section or component splits required for installation during construction shall be the responsibility of the contractor without additional cost to the Owner. 

.4 Units must be bolted together for reassembly. Drive screw construction at unit splits is unacceptable. 

.5 Extend all internal coil piping to casing walls. 

.6 Submit a written acceptance letter stating the unit was assembled and complies with manufacturer’s assembly requirements.

.3 Units are to be one-piece construction unless shipped in splits.

.4 Split units are to be site assembled in accordance with manufacturer’s recommended method of installation and sealing.

.5 Pipe units to permit coil removal.

.6 Any piping or conduit passing through the unit casings must be sealed with rubber grommets and retaining plates to prevent air or water leakage.

.7 Insulate all piping as per Section 20 20 30, Piping and Equipment Insulation.

SPEC NOTE:  Include the following clause if unit is split shipped.
.8 Rig and set the unit in place.  Ensure that spreader bars are used and the unit is protected from the lifting cables.

.9 Entire air handling unit is to be levelled.

.10 Set unit onto a neoprene sheet between the unit and housekeeping pad.

.11 Each drain connection shall be provided with a deep seal trap, and all connections piped to drain.

.12 Remove all internal hold-down bolts and shipping fasteners; install any parts that were shipped loose and level spring isolators.

.13 Check and re-align all access doors and dampers to ensure smooth operation through the entire range of travel.

.14 Upon start-up, check each fan motor for fan rotations and amp draw for each phase.

.15 All belt drives are to be re-adjusted for tension and alignment.

.16 Provide a drain valve on each coil drain fitting, and a vent valve on each coil vent.

.17 Any floor penetrations of the unit are to be thoroughly sealed to ensure the watertightness and integrity of the entire floor of the unit.

.18 Air filter supplier shall conduct a field review to confirm filter installation is in accordance with manufacturer’s recommendations.  Submit report of findings.

.19 The Contractor shall review all component sections for damage upon arrival to site, prior to acceptance for unpacking and reassembly.  Any damages after unpacking are the responsibility of the Contractor.

.20 Contractor shall rotate fans, motors, and heat wheels bi-weekly from arrival to site until units are started.

.21 Gaskets and/or sealing components are to be supplied by the unit supplier.  The reassembly of units shall be reviewed and instructed by supplier, to ensure factory quality reassembly.

3.2 On Site Alignment

.1 A qualified millwright shall confirm alignment of the fans and motors and submit a report for each.  A vibration specialist shall perform vibration measurements on each fan/motor assembly at full air volume delivery.  Adjustments in the fan balancing and alignment shall be conducted until the vibration measurements fall within the specified tolerances.  Submit a report of the findings.

3.3 air handling unit schedule

.1 Refer to Schedules on drawings for performance.
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