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SECTION 23 82 14 – CABINET STYLE DISPLACEMENT INDUCTION VENTILATION (DIV) UNITS
PART 1 -  GENERAL

1.2 SUMMARY

J. Section Includes:

1.         Floor mounted, cabinet style, displacement induction ventilation unit and associated cabinet accessories as detailed on plan and schedule drawings. 
1.3 ACTION SUBMITTALS

J. Product Data: For each type of product.

K. Shop Drawings:

1. Plans, elevations, sections, mounting and attachment details.
2. Data Sheet:  Indicate materials of construction, finish, and mounting details; and performance data including throw and drop, static-pressure drop, and noise ratings.

3. Room Equipment Layout Schedule:  Indicate Drawing designation, room designation, full equipment layout detail within room including: quantity, model number, size, and accessories furnished.
4. Cabinet Finishes – as needed.
L. Product Schedule: For displacement induction ventilation units.
1.4 REFERENCE STANDARDS

J. AHRI Standard 410 – Standard for Forced-Circulation Air-Cooling and Air-Heating Coils

K. AHRI 1240-2017- Performance Rating of Active Chilled Beams.
L. ASHRAE Standard 55 – Thermal Environmental Conditions for Human Occupancy

M. ASHRAE Standard 62.1 – Ventilation for Acceptable Indoor Air Quality
N. ASHRAE Standard 70 – Method of Testing the Performance of Air Outlets and Air Inlets

O. ASHRAE Standard 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings
P. ASHRAE Standard 90.2 – Energy-Efficient Design of Low-Rise Residential Buildings
Q. ASHRAE 200-2018 - Methods of Testing Chilled Beams 
R. ASTM Standard 653 - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process
S. ASTM Standard D610 – Standard Practice for Evaluating Degree of Rusting on Painted Steel Surfaces

T. ASTM Standard D714 – Standard Test Method for Evaluating Degree of Blistering of Paints

U. ASTM Standard D1308 – Standard Test Method for Effect of Household Chemicals on Clear and Pigmented Organic Finishes

V. ASTM Standard D1654 – Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments

W. ASTM Standard D4752 – Standard Practice for Measuring MEK Resistance of Ethyl Silicate (Inorganic) Zinc-Rich Primers by Solvent Rub

X. NFPA 70- National Electric Code 
Y. ASTM C 534 / ASTM C 1427 - Standard Specification for Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form

Z. ASTM C 1534 - Standard Specification for Flexible Polymeric Foam Sheet Insulation Used as a Thermal and Sound Absorbing Liner for Duct Systems

AA. ASTM D 1056, 2C1 - Standard Specification for cellular materials, both Sponge (Open Cell) and Expanded (Closed Cell)

AB. ASTM E 84, UL723 - Standard Test Method for Surface Burning Characteristics of Building Materials

AC. ASTM G21/C1338 - Standard Test Method for Determining Fungi Resistance of Insulation Materials and Facings

AD. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems
AE. NFPA 90B - NFPA 90A, 90B - Standard for the Installation of Air-Conditioning and Ventilating Systems

AF. UL 181 - Standard for Safety Factory-Made Air Ducts and Air Connectors

AG. UL 94 5VA - Classification and Flame-Retardant Thermoplastics
AH. Division 23 – Heating, Ventilation and Air Conditioning (HVAC)
1.5 INFORMATIONAL SUBMITTALS

J. Product Data:  For each product indicated, include the following:

1. Data Sheet:  Indicate materials of construction, finish, and mounting details; and performance data including throw and drop, static pressure drop, and noise ratings.

2. Room Equipment Layout Schedule:  Indicate Drawing designation, room designation, full equipment layout detail within room to include quantity, model number, size, and accessories furnished.
K. Coordination Drawings: Floor plans, reflected ceiling plans, sections, and other details, or BIM model, drawn to scale, showing the items described in this Section and coordinated with all building trades.
1.6 QUALITY ASSURANCE / CONTROL

J. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction and marked for intended use.

K. Identification: Label each induction displacement induction unit with the appropriate tagging identifier.
1.7 WARRANTY

J. Manufacturer shall provide a parts-only warranty for a period of twelve (12) months from the initial startup-up, or eighteen (18) months from date of shipment, whichever occurs first.

K. Labor warranty shall be the responsibility of the Installing Contractor(s)

L. Products will be free from defects in material and manufacture. Installing contractor shall document products were installed in accordance with: 1) Manufacturer’s installation guidelines, 2) Recommended Start-Up procedures, and 3) Recommended maintenance procedures. 
M. Provide documented records indicating that Manufacturer’s normal conditions for service have been maintained during stated warranty period. 
PART 2 -  PRODUCTS

2.2 PERFORMANCE REQUIREMENTS

J. Capacities and Characteristics:

1. See Schedule and Notes on Plans
2.3 MANUFACTURERS
J. Basis of Design: Carson Solutions Model QLCI.

K. Alternate Manufacturers: In order to attain prior approval as an alternate manufacturer, the manufacturer shall provide ALL following documents for consideration:

1. Prior approval documentation from [Owner] [School District] and shall provide documentation of successful execution and operation for three (3) years for no less than five (5) separate projects. 
2. A detailed CAD drawing, Factory Performance Data must be submitted to the Engineer to be considered for Prior Approval. The manufacturer must also include a detailed Table of Conformance detailing acceptance or rejection of all specification sections.
3. Submit documentation of independent, third-party testing of equipment performance. Minimum requirements of the testing and documentation shall show validation of:

a. Documentation shall be provided to the Engineer prior to approval.
b. Lab verified values AND CFD modeling of Ventilation Effectiveness proving stratified conditions in ALL modes of cooling AND heating.
c. Lab verified values AND CFD modeling proving Thermal Comfort adherence to ASHRAE 55 limit of 5.4°F “from toes to nose.”

d. Use of SF6 tracer gas in lab for clear measurement of contaminants shall be documented.
L. If Basis of Design Manufacturer is not provided, Contractor shall be responsible and bear all financial risks for all costs associated with the substitution of an alternative product including, but not limited to additional field labor, structural changes, and attenuation to meet project acoustical requirements. All consequential damages, project delays, and additional Engineering costs shall be borne by the Mechanical Contractor.  
2.4 CONSTRUCTION

J. Basic Unit Description: 

1. Assembly shall consist of a QLCI air conditioning terminal housed in an architecturally approved enclosure. All internal sheet metal components shall be galvanized to inhibit corrosion. [On projects with perforated panels, internal components shall be painted black to reduce visibility.  (1) Highlight on schedule notes as well.]
2. Terminal shall consist of [6”ø or 8”ø] duct connection(s), a series of injection nozzles, an integral heat transfer coil of [2 or 4 pipe] circuiting and a perforated equalizing grid behind discharge louver to reduce velocity and noise. 

3. An integral sloped drain pan with fully welded seams shall be piped to remove any condensate that might collect on the coil during cooling operation. 

4. Primary air and water piping connections shall be configured to allow connection of up to three units in series. 

5. No integral fans, compressors or other components requiring a power supply shall be allowed within the terminal room equipment.  
6. Displacement terminals must be able to handle 100% outside air temperatures of 50°F-55°F and provide supply air to the space so that the temperature gradient through the occupied space falls within the guidelines of ASHRAE Standard 55 Thermal Environmental Conditions for Human Occupancy.

7. Displacement terminal units shall have a 3” high toe kick-plate to elevate the painted cabinet above the floor level.  Maximum cabinet height to the top of the unit above the floor level shall not exceed 30”.

8. The heat transfer coil shall be easily removable from unit and fully accessible from the front panel for ease of cleaning.  

a. Coils shall have a continuous aluminum plate fin surface, with seamless copper tubes mechanically expanded into aluminum fin collars for secure, crack-free bonding.  

b. Copper tube connections shall be ½” O.D. x 0.028” thick.  

c. Aluminum fins shall have a minimum fin thickness of 0.0055”. [0.0075”/0.0095”] optional.
d. Aluminum fin spacing shall not exceed 8 fins per inch. 

e. Coils shall be tested to a minimum of 360 psi and a max of 500 psi. air pressure under water. 
f. Coil normal operating pressure is rated at 250 psig max up to 300°F. The maximum working pressure should not exceed 360 psi.
g. Manual air vents shall be located at each circuit high point.  

h. Coils shall be circuited for [2 or 4 pipe] operation.

i. Coils shall have integral drain fittings on each circuit low point.
j. Coil connections shall be ½” NPT male threaded fittings.
k. Coils shall be delivered cleaned and flushed.
9. Drain pans shall be powder coated galvanized or stainless steel.  Drain pans must be easily accessible for cleaning via removable front panel.
a. A ½” plastic drain fitting (½” OD) is terminated at roughly 2” below the drain pan.

b. Drain fitting is an atrium style to prevent clogging.

c. Drain fittings are capped at factory and must be removed if contractor is installing in the field [condensate piping / tubing] for all drain connections.

K. Cabinet Construction Details:
1. Cabinets shall be constructed of minimum 16-gauge A1008 CS Type B sheet steel and finished with powder coat paint in a [standard or custom] color as selected by Architect. 

2. Finish shall be DuroCoat Sand Textured Powder Coating to hide small scratches and fingerprints.
a. Smooth (without textured finish), gloss-based paint finishes are NOT acceptable due to high-traffic fingerprint pickup.  

3. Construction shall be sufficient to allow maintenance personnel to stand on the cabinet without any deflection.
4. Cabinet structure MUST have front panel center mullion, providing each cabinet unit with a minimum of FOUR SEPARATE front panels for rigidity and removal ease.

a. Diffusers with single face access panels will NOT be acceptable due to removal and reduced rigidity concerns.
5. Face panels shall be [louvered or perforated], pencil proof and at least 45 percent free area.  Cabinet structure must have front panel center mullion for rigidity.

a. [Requirement IF Perforated Face Panels selected: All internal components such as coils, drain pans, and sheet metal block offs MUST be painted black to minimize mechanical equipment display.]
6. Front louvers must be easy to remove and less than 42” for rigidity and mobility.  

a. Front induction panels should be lockable with multiple cam locks to allow for easy access to the hydronic coil. Sheet metal screws are NOT an acceptable means for securing induction panel assembly or removal for routine maintenance.
b. The top surface of cabinet shall be flat and allow the entire surface to be used as a bookshelf or other useable storage.

c. The Cabinet shall have structural frame around louver opening to ensure structural strength when louver is removed.

d. Cabinet shall be rated to support a 250lb load without deflection. 
7. Supply Air Diffuser Plate: An angled perforated plate shall be mounted on the supply air discharge to promote even air distribution into room.
L. Duct and Pipe Chase and Additional Enclosures
1. Furnish an architecturally approved [solid, louvered, perforated] cover with a finish that matches the cabinet for all required units to conceal all vertical ductwork and piping to the units.  See plan for locations and field measure height requirements before release of order.
M. Displacement Induction Operation Description:
1. Outside air at the primary airflow rate listed on the plans and schedules shall be conditioned and delivered displacement units at the scheduled supply air conditions.
a. This conditioned primary air shall be ducted to the lead connection(s) of a series of QLCI terminals.
b. Injection of this primary air through nozzles shall induce room air through an integral heat transfer coil and recondition return air prior to its mixing with the primary air.

c. The mixture (2/3 induced room air, 1/3 primary air) passes through an equalization plate and is discharged to the classroom at the scheduled outlet velocity to assure displacement ventilation during system operation.
d. Using primary (Outside) outside air to drive air out the top is not acceptable for this outside air cannot be counted as being introduced into the breathing zone per ASHRAE 62.1-2016.  20% more outside air must be provided for units that use primary air to drive vertical airflow outside breathing zone. 

e. Performance Requirements to be maintained and delivered in submittals.
1) Diffuser Air Velocities at Discharge and 5’ away from diffuser: Documented and less than or equal to velocities shown on the schedule.
2) Primary Air Plenum Pressures: Documented and less than or equal to pressures shown on the schedule.
3) Estimated Room Sound Levels:  Documented and less than or equal to pressures shown on the schedule.
4) Sensible Cooling Loads: Document and greater than or equal to capacities shown on the schedule.
5) Sensible Heating Loads: Document and greater than or equal to capacities shown on the schedule. 
6) Latent Capacities: Document and greater than or equal to capacities shown on the schedule.
7) Air performance showing: Primary Air, Induction Rates or Supply Air CFMs
f. [OPTION: Fin Tube Element Heating] - Provide fin tube elements that extend the length of the QLCI and accessory cabinets.  The outlet louver top panel shall be pencil-proof and integral to the cabinet.  Outlet louver top panel shall allow for removable access for cleaning and provided with cam locks. Sheet metal screws and/or compression fittings are not an acceptable means for removable panels.
1) Fin-tube elements shall have a minimum flow rate of 1 GPM at temperatures ranging from 110°F to 220°F, a pressure drop of 47 Millinches per foot. Maximum flowrate at 4GPM at the same operating temperature ranges, a pressure drop of 525 Millinches per foot. 
2) The maximum working pressure of the fin tube is 200 psig.
g. [OPTION: Fin Tube Element Heating] Cabinet shall have 9/16” raised lip in front of the outlet louvers to limit objects from sliding over the heating outlet.  Fin Tube shall have adequate free area to get proper convective airflow during the heating mode.  Air shall come from natural convection and not be driven by any preconditioned primary/outside air induction process or any auxiliary air movement devices.  Fin tube elements shall mount on building wall structure prior to displacement cabinet installation.
N. K-Factor Label and Air Pressure Commissioning Port: All displacement induction diffusers shall be fitted with an uncapped air pressure tap for measuring the static pressure differential between the primary air plenum and the room. Air pressure port shall be accessible behind the upper-left return/induction front face panel.  Each displacement unit shall be provided with an airflow calibration label affixed showing primary airflow rate for given nozzle configuration at varying plenum pressures.
O. Description for Acoustic Performance (Conformance to ANSI S12.60)

1. Terminals shall be sized and selected such that their collective noise generation shall not contribute to a classroom noise level exceeding NC 35 per ANSI Standard S12.60.  NC levels of the individual terminals shall not exceed those scheduled.
P. Accessories and Options [PLEASE SELECT OPTION ITEMS TO BE SUPPLIED BY MANUFACTURER OR INSTALLING CONTRACTOR]:
1. [OPTION] Architectural Cabinet Sections

a. All architectural cabinet sections shall be constructed of the same gauge metal and paint finish as specified for main unit cabinet, sections E & F.
b. Bookshelf sections as detailed on plan drawings.
c. Basic Utility Cabinet sections as detailed on plan drawings.
d. Blank Fill Sections for field finish installation (adjusted and installed by contractor) 

2. [OPTION] Stainless Steel Braided Hoses Kit Assemblies
e. One end connection shall swivel to allow for equipment movement during operation.

f. ½” – 1” shall be made of CPE (Chlorinated Polyethylene).

g. 1¼” – 2” shall be made of EPDM (Ethylene Propylene Diene Monomer).

h. Maximum working pressures: 

i. 500# WPSI Static (½” – 1”)

j. 200# WPSI Static (1¼” – 2”)

k. Maximum temperature rating: 212°F

l. Hoses shall incorporate stainless steel ferrules.
3. [OPTION] Architectural Countertops 

m. Laminate – per Architect selection
4. [OPTION] Internal Insulation

a.
Provide 1/8” thick thermal insulation applied to the interior of the primary air plenum to prevent condensation forming on the outside of the unit casing and the interior surfaces of the primary air chamber. Technical data sheet to be provided by request.

5. [OPTION] Bipolar Ionization Mechanism

n. The ION generator shall be factory mounted such that generator tube shall be within the primary air plenum of QLCI cabinet such that ions immediately attack room air during the induction process.

o. Ion generator shall be mounted fully within the cabinet structure of the QLCI, i.e. exterior mounting or field mounting by others is not allowed

p. The ION generator shall be easily accessible following removal of the front QLCI panel.
q. Negatively and positively charged ions shall be generated by Dielectric Barrier Discharge

r. The manufacturer of the ion generator shall have documentation showing compliance with both UL 867 and UL 2998 for ozone levels.
s. Ion generation shall be calibrated to provide ion readings between 350 -1,500 ions/cm3.
t. [Optional] An airflow proving switch shall be provided to disable the ion generator during unoccupied modes.

u. Electrical power shall be supplied to the ion generator by others, 110-250 VAC, 2-wire, auto-switching style, 1 power source shall be required per room for the ion generator.

v. [Optional] Low voltage (24 VAC) to 12 VDC transformer is available if low voltage power is available in lieu of the 110-250 VAC from typical outlet.
6. [OPTION] Flow Regulators [Optionally provided Manufacturer or Installing Contractor]:

w. Circular shaped volume flow controller for constant volume systems.  Unit shall consist of a casing with a shaft-mounted bladed control damper, supported on bearings with bellows and an external cam plate with leaf spring.  Unit shall be maintenance free design with ability to be mounted in any orientation.  Unit shall be mechanically powered without external power supply.

x. Casing: galvanized steel

y. Volume Damper: Galvanized sheet metal control blade and casing with plastic bearings.  Flow rate shall be set with an external scale.

z. Bellows: Polyurethane construction, low-friction, and with capability to operate as an oscillation damper.

aa. Acoustical cladding:  Provide acoustical cladding to reduce casing radiated noise.  Cladding shall consist of a mineral wool and outer cover of galvanized sheet metal.  Acoustic cladding shall be designed to reduce radiated noise by 7 dB minimum.
7. [OPTION] Manual Calibrated Balancing Devices

ab. A 15° regain chamber shall be integral to the design for minimal permanent pressure loss.

ac. Flow rate accuracy will be +/- 3% or better.

ad. Venturi shall not be pressed in.

ae. Device shall incorporate a fully featured venturi design. Fixed orifice plates, calibrated ball valves or truncated venturi designs will not be accepted.
8. [OPTION] Wye-Strainers

af. Strainers shall have a 20-mesh rating. Strainers with a lower mesh rating shall not be accepted.

ag. The strainer screen shall be constructed of stainless steel.

ah. The strainer screen shall have at minimum an 8:1 ratio of total area vs. internal pipe diameter.

ai. The strainer body shall incorporate a full-port isolation ball valve for minimum pressure loss. Standard or reduced port ball valves shall not be accepted.
9. [OPTION] Water Control Valves

aj. Shall have a full-port ball.

ak. Shall have a blow-out proof stem.

al. The ball shall be chrome plated.
10. [OPTION] Lint Screens

am. The manufacturer shall supply lint screens as directed with consistent construction of main cabinet.  Lint screens shall be mounted in housing for ease of removal for cleaning.

2. [OPTION] Automatic Flow Limiters

a. Shall have the capability to measure flow. If other designs cannot measure flow with one unit, a separate low energy loss, flow measuring venturi shall be incorporated on the outlet side of the automatic flow limiter. Manufacturer shall supply automatic flow control valves that must control flow.

b. Shall have setter valve functionality to allow for control valve stroke optimization.

c. Automatic flow limiting cartridge(s) will be made of stainless steel. No brass or plastic components allowed.

d. Flow rate accuracy will be +/- 5% of design flow rate.

e. Shall be of a pressure independent, clog resistant design.

f. Valve cartridges shall have a single spring range of 2-60 psid, up to ASHRAE recommended maximum GPM.

g. The flow rate (GPM) shall be factory preset and not field adjustable.

h. Cartridges shall be easily removable from valve body without disturbing existing piping.
Q. Source Quality Control: Comply with ASHRAE 200, AHRI-410, and AHRI 1240

1. Coil capacity rated in accordance with AHRI 410-2000, Forced Circulation Air-Cooling & Air-Heating Coils  

2. Capacity performance and sound levels of induction coils (chilled beams) rated in accordance with ASHRAE 200-2018, Methods of Testing Chilled Beams

3. Capacity and performance of active chilled beams coils shall be rated in accordance with AHRI 1240-2017, Performance Rating of Active Chilled Beams.

2.5 GENERAL PROTECTION REQUIREMENTS

J. Protect finishes on exposed surfaces from damage by applying a removable, temporary protective covering at the factory before shipping.

K. Protect coil and piping openings with removable end caps before shipping.

L. Protect duct connection openings with removable end caps before shipping.
PART 3 -  EXECUTION

3.2 EXAMINATION

J. Examine areas to receive displacement inductions units for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

K. Examine roughing-in for duct, piping and wiring to verify actual locations of connections before installation.
L. Proceed with installation only after unsatisfactory conditions have been field corrected.

M. Ensure all units received have appropriate and individual tagging identifiers.

1. DIV manufacturer must label each shipping package AND equipment, including accessories, with room by room tags, along with model numbers for ease of site coordination.
3.3 INSTALLATION

J. Displacement induction units and accessories shall arrive on site as a factory assembled, housed cabinet structure.  Cabinets sections shall only require secure attachment to the wall and associated air and water connections.  ABSOLUTELY NO field erection of cabinet framing support members or diffuser cabinet housing panels shall be allowed due to excessive field labor requirements and uniform fit and finish variability. 
K. Install displacement unit’s level and plumb in accordance with manufacturer’s IOM documentation.

L. Arranged installation of units to provide access space around displacement units for proper service and maintenance.
3.4 PIPING CONNECTIONS

J. Comply with requirements for piping specified in Section 232113 "Hydronic Piping" and Section 232116 "Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings, and specialties.

K. Comply with requirements for general duty valves specified in Section 230523.11 "Globe Valves for HVAC Piping," Section 230523.12 "Ball Valves for HVAC Piping," and Section 230523.15 "Gate Valves for HVAC Piping."

L. Make piping connections to displacement induction units at locations indicated on Drawings.

M. Where installing piping adjacent to displacement induction units, allow space for service and maintenance.

3.5 DUCT CONNECTIONS

J. Comply with requirements for ductwork specified in Section 233113 "Metal Ducts." and Section 233346 "Flexible Ducts." Drawings indicate general arrangement of ductwork.

K. Make ductwork connections to displacement induction units at locations indicated on Drawings.

L. Where installing ductwork adjacent to displacement induction units, allow space for service and maintenance.

3.6 ELECTRICAL CONNECTIONS

J. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

K. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical Systems."

3.7 CONTROLS

J. Comply with requirements for controls specified in Section 230923 "Direct Digital Control (DDC) System for HVAC and Section 230993.11 "Sequence of Operations for HVAC DDC.
3.8 IDENTIFICATION

J. Identify hydronic piping and valves. Comply with requirements specified in Section 230553 "Identification for HVAC Piping and Equipment."

3.9 CLEANING AND PROTECTION

J. Protect exposed surfaces of displacement induction units from damage with factory-installed protective covering. Maintain covering in place until start of unit testing and balancing.

K. Protect displacement induction units’ air connections with factory installed protective covers and keep them covered until making final field duct connections.

L. Clean displacement induction units inside and out to a factory-new condition.

M. Reject damaged displacement induction units and replace them with new units.

N. Only if acceptable to the Owner, minor damage to finishes may be repaired as required to restore displacement induction units to factory-new appearance. Any variation in visual appearance between factory and repaired finish shall be rejected.
3.10 FIELD QUALITY CONTROL

J. Testing Agency: [Owner] [Engineer] [Contractor] shall engage a qualified testing agency to perform tests and inspections.

K. Perform tests and inspections with the assistance of a factory authorized service representative.

L. Tests and Inspections:

1. Leak Test: After installation, fill the system with water under design pressure and test for leaks. Repair leaks and retest until no leaks exist.

M. Displacement induction units will be considered defective if they do not pass tests and inspections.

N. Prepare test and inspection reports, and route to Owner, Architect, Engineer, and Contractor.
3.11 ADJUSTING

J. Occupancy Adjustments: When requested, within [12] months from date of Substantial Completion provide on-site assistance in adjusting system to suit actual occupied conditions.

3.12 DEMONSTRATION

J. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain displacement induction ventilation units.

END OF SECTION 238214
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