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SECTION 23 0000 
HEATING, VENTILATING, AIR CONDITIONING 

PART 1 - GENERAL  

1.1 SECTION INCLUDES  

A. The requirements of the General Conditions, Supplemental General Conditions, Division 01 
Sections and Section 23 0500 - General Mechanical apply to all work herein.  

1.2 DESCRIPTION  

A. This Specification establishes the required standards for all labor, materials, equipment and 
workmanship in connection with the furnishing, fabrication and installation of complete 
“Heating, Ventilating, Air Conditioning” systems.   

B. The HVAC Contractor shall furnish all materials and labor under the scope of the Contract, 
unless otherwise noted.  Anything accepted as standard trade practice reasonably incidental to 
the completion of the system shall be furnished without additional cost to the Owner.  The 
Contractor shall understand that the work herein described shall be complete in every detail, 
notwithstanding every item necessarily involved is not particularly mentioned, and the 
Contractor shall be held to provide all labor and material necessary for the entire completion of 
the work intended to be described. 

1. Heating, ventilating, air conditioning work includes but is not necessarily limited to the 
following: 

2. Variable Refrigerant Volume split system heat pumps; 
3. Ceiling mounted and duct mounted exhaust fans; 
4. Air terminals; 
5. Thermal and sound insulation for all piping and ductwork supplied under this Section; 
6. Refrigerant piping and appurtenances; 
7. Ductwork, inclusive of all air turns, dampers, grilles, diffusers, fire dampers, sound traps, 

supports, bracing and fresh air/combustion air ducts; 
8. Flashings, curbs and caps in connection with all equipment, piping and ductwork supplied 

under this Section; 
9. Temperature control wiring and control devices; 
10. Start up, adjusting, and balancing. 

1.3 RELATED WORK 

A. Sheet metal flashing and trim: Division 07. 

B. Domestic water piping: Section 22 0000 - Plumbing.  

C. Line voltage wiring, disconnect switches, conduit for temperature control wiring, and final 
connection of electrical equipment: Division 26.  

D. Finish painting: Division 09. 
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E. Condensate drainage piping to points adjacent to equipment:  Section 22 0000 - Plumbing.  

F. HVAC Controls: Section 23 0923 - Direct Digital Controls for HVAC. 

G. Air Balancing: Section 23 0593, Testing, Adjusting and Balancing of HVAC 

1.4 QUALITY ASSURANCE 

A. Regulatory compliance: All work performed under this Section shall comply with the latest 
currently adopted editions of all codes and regulations and all requirements of all Authorities 
having Jurisdiction. 

B. All work shall be done in conformity with all applicable local and state safety codes, ordinances 
and regulations.  Additionally, all work shall conform to the latest editions of the following codes 
and standards: 

1. California Mechanical Code  
2. California Plumbing Code 
3. California Building Code 
4. California Fire Code 
5. California Green Building Code 
6. California Electric Code 
7. California Code of Regulations, including Titles 8, 17, 19, 20, 21, 22 and 24  
8. Comply with all ADA and California Title 24 requirements for disabled access. 
9. NSF/ANSI 61 Standard, Drinking Water System Components - Health Effects for fixture 

materials that will be in contact with potable water. 
10. AB 1953, Amendments to Section 116875 of the Health and Safety Code relating to lead 

plumbing. 

C. Minimum requirements: The requirements of these are the minimum that will be allowed unless 
such requirements are exceeded by applicable codes or regulations, in which the regulatory 
codes or regulation requirements shall govern. 

D. When the Contract Documents call for materials or construction of a higher standard than is 
required by the above, the Contract Document requirements shall take precedence over the 
requirements of the said laws, rules, and/or regulations, accepting that nothing in the Contract 
Documents shall be interpreted as permitting work in violation of said laws, rules, and/or 
regulations.  The Contractor for this work shall furnish any additional materials and/or labor as 
may be required for compliance with these laws, rules, and/or regulations though such 
materials and/or labor are not specifically set forth in the Contract Documents, with no 
additional charges to Owner. 

E. Seismic construction and restraints shall be in accordance with the requirements of the 
California Building Code and Title 17 and Title 24 of the California Code of Regulations.  All 
equipment mounts, isolators, and hanging systems must meet DSA approval requirements. 

F. Comply with the Safety Orders issued by Cal-OSHA and any other regulations of the State of 
California and any districts having jurisdictional authority. 

G. ASHRAE Compliance 
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1. Comply with applicable requirements in ASHRAE 62.1 and ASHRAE 90.1 

1.5 SUBMITTALS 

A. All submittals shall be in accordance with the requirements of Section 01 3300 and the 
following.  

B. General  

1. Before any fixtures, materials, or equipment are purchased, the Contractor shall submit to 
the Architect for approval, a complete list of materials, fixtures, and equipment, giving the 
manufacturers' names, capacity, size, power requirements, and other pertinent data.   
Submittal lists and drawings shall be specifically applicable to this project and shall 
include identifying marks assigned by Specifications and Drawings and shall not contain 
extraneous material or optional choices. 

2. Submittal of substitutions shall be limited to one (1) proposal for each type or kind of item, 
unless otherwise permitted by the Architect.  If the first proposed product submittal is 
rejected, the Contractor shall then submit the first named or scheduled product.  

3. Contractor shall make all necessary field measurements and investigations to assure that 
the equipment and assemblies will meet contract requirements. Review of drawings and 
other material submitted shall not be construed as a complete check or constitute a 
waiver of the requirements of the Drawings and Specifications but will indicate that the 
material submitted is acceptable in quality and utility.  This review shall not relieve the 
Contractor of the responsibility to fit the proposed materials to the spaces provided, and 
to effect necessary rearrangement or construction of other work.  

C. Product Data 

1. For each type of product indicated, include manufacturer’s specifications, data sheets, 
and certified drawings on major equipment.  Include physical and performance data such 
as weights, sizes, capacities, required clearances, performance curves, acoustical 
characteristics, finishes, color selection, and accessories. 

2. Include certified drawings on major equipment. 

D. Coordination/Layout Shop Drawings 

1. The Contractor shall submit for the approval of the Architect, shop drawings of proposed 
material and equipment that differ from the specified materials and equipment, and of any 
specified materials and equipment with special conditions and/or arrangements.  These 
drawings shall show necessary modifications to plumbing, electrical, and mechanical 
work required by the proposed materials and equipment.  

2. Prepare complete consolidated and coordinated layout drawings for all new systems, and 
for existing systems that are in the same areas. Shop drawings shall be prepared using 
AutoCAD 2016 or newer and shall be drawn at a minimum ¼” = 1’ - 0” scale.  

3. All drawings shall be fully coordinated with HVAC, Plumbing, Fire Protection, Electrical, 
Structural, and Architectural work. Drawings shall be coordinated and dimensioned 
indicating equipment, pipe, duct, fire protection, and electrical in relation to architectural 
and structural features.  Indicate exact locations of valves, piping specialties, access 
doors, etc. 

4. Clearly identify and dimension the proposed locations of the principal items of equipment 
and adequate clearance for all equipment, piping, pumps, valves and other items. 
Provide detailed layout of all piping systems showing the proposed routes.   
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5. Show the access means for all items requiring access for operations and maintenance. 
6. Submit shop drawings to Architect for approval, prior to fabrication or installation of any 

work. Do not install equipment or piping until layout drawings have been approved.  Any 
work installed without prior shop drawing approval shall be removed at the Contractor’s 
expense. 

7. Shop-wiring diagrams of temperature controls and air conditioning unit controls as 
specified in controls section and/or shown on Drawings. 

E. Field quality-control test reports. 

F. Operation and maintenance data 

1. Contractor shall provide all operating and maintenance instructions provided by the 
manufacturer, describing proper operation and maintenance of any equipment and 
devices installed. Operating and maintenance instructions shall cover maintenance, 
adjustment, and operation of each piece of apparatus. 

2. Contractor shall also provide a parts list of all equipment and component parts for all 
equipment under this Section. The equipment list shall include manufacturer’s name, 
model number, and local representative, service facilities and normal channel of supply 
for each item. 

3. Data shall include a table of contents identifying items therein, and index tabs for each 
system. Neatly obscure or cross out inapplicable data from manufacturer's literature.    
Include the following: 
a. Manufacturer’s brochures, ratings, certified shop drawings, lubrication charts and 

data, and parts list with part numbers.  Mark each sheet with equipment 
identification number and actual installed condition or system and location of 
installation. Specifically identify which options are provided. 

b. Description of start-up and operating procedures for each system, including 
controls diagrams and description of operating sequences. 

c. Recommend preventative maintenance schedule and procedures. 
d. Submit data to the Architect for approval.  Final acceptance of the work will not be 

made until a satisfactory submission of this material is received and approved by 
the Architect. 

G. As-built Drawings 

1. Complete and detailed shop drawings shall be maintained throughout the coordination 
and construction phase, indicating all equipment and trades’ work clearly.  All equipment 
including piping, etc. shall clearly identify both top and bottom elevations as well as 
distances from equipment to established building lines.  Coordinate with other trades and 
field conditions and show dimensions and details including building construction and 
access for servicing. All changes in the work shall be recorded on this set on a daily 
basis.  In addition to changes made during course of work, show the following: 
a. Exact location, type and function of concealed valves and controllers. 
b. Exact size, elevations and location of underground and under floor piping. 

2. Submit to Architect for approval. 

H. Warranty 

1. Equipment warranties shall be provided for all equipment, with all necessary information 
filled in, except purchase date, in favor of the Owner.   

I. Refer to mechanical equipment specified herein for additional requirements 
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1.6 DEMONSTRATION & TRAINING 

A. The Owner's authorized representative shall be instructed in the operation and servicing of all 
heating, ventilating, and air conditioning systems, subsystems and equipment. 

B. Provide a minimum of one day of instruction time. All instruction shall be provided at no cost to 
the Owner.  

C. Final acceptance of the work will not be made until a satisfactory submission of this material is 
received and approved by the Engineer.   

PART 2 PRODUCTS  

2.1 GENERAL 

A. Only specified materials shall be utilized in the work of this Section unless substitutions have 
been approved by the Architect and in accordance with Division 01 Sections for Substitutions 
and Product Options.  

B. Provide fan drives rated at 150% of motor horsepower.  Drives shall be adjustable sheave type 
unless specified otherwise.  Listed fan speeds are only approximate; select and/or change 
drives to operate at approximately midpoint of adjustable range after final balancing 

C. Provide guards to enclose exposed moving equipment components in accordance with Title 8, 
California Code of Regulations.  Fabricate belt guards with rigid angle iron frame, expanded 
metal screen, pivoted 4" diameter tachometer opening covers, and in two pieces to permit 
lubrication or sheave and belt adjustment without removing guard.  Provide removable sheet 
metal guards at shafts and couplings and removable framed wire mesh guards at openings in 
mechanical systems.  

2.2 REFRIGERANT PIPING AND APPURTENANCES: 

A. Refrigerant piping shall be Type “ACR” drawn temper, seamless copper tube, ASTM B 280.  .   

B. Mechanical joints on refrigerant piping systems are prohibited.  All refrigerant piping joints shall 
be brazed.  Use lead-free, silver solder, minimum 15% silver content. 

C. Pipe fittings shall be wrought-copper with soldered joints; ASME B16.22. 

D. Flexible connections shall be bronze, double braided, sweat solder ends. 

E. Moisture/liquid indicators (sight glasses) shall be color change moisture indication type, 
replaceable element, filter screen and pad, sweat solder ends; Sporlan “See-All”, Henry, or 
equal. 

F. Charging and purge valves shall be forged brass, diaphragm packless, globe type, angle or 
straight through, one end solder, one end flare; Henry 623 and 643 series, Sporlan, or equal. 
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G. Solenoid valves shall be forged brass, extended end connections, solder ends, molded coil; 
Sporlan “E” series or equal.  Comply with ARI 760 & UL 429. 

H. Filter driers shall be replaceable media, angle type; Henry “Dri-Cor” or equal; ARI 730. 

I. Electronic thermostatic expansion valves shall have stainless steel body and connections, 
ceramic slide and port, linear flow capacity, continuous modulation, and direct coupling of motor 
and valve.  Emerson "EX" series or equal. 

J. Pipe hangers: All refrigerant piping shall be supported 8’ on center.  

K. Split system fan-coil units and heat pump units shall have brazed sweat-fitting connections on 
the refrigerant piping between the units with a flexible piping section at the outdoor unit. 

2.3 FILTERS FOR A/C AND AIR HANDLING EQUIPMENT  

A. Unless otherwise specified, air filters shall be Model Pre-Pleat M13 panel filters, as 
manufactured by Flanders. 

B. Each filter shall consist of synthetic only media, with corrosion-resistant expanded metal 
backing and moisture resistant enclosing frame.  The filter shall be 2” nominal depth.  The grid 
shall be 100% bonded to the media on the air exiting side to eliminate media vibration and pull-
away. 

C. The grid shall be formed to provide a uniform V-wedge shaped pleat with the open area on the 
air exiting side for maximum utilization of the media and low airflow resistance.  The filter shall 
be classified for flammability by Underwriters Laboratories, Standard 900 as Class 2. 

D. The filter shall have a Minimum Efficiency Reporting Value (MERV) of 13 by ASHRAE Standard 
52.2. 

2.4 CABINET DUCT MOUNTED IN-LINE EXHAUST FANS  

A. Greenheck “CSP-A” series, or approved equal, direct drive, premium inline cabinet centrifugal 
exhaust fans, as scheduled on the Drawings.  

B. The fan wheel shall be forward curved, centrifugal, and constructed of galvanized steel or 
calcium carbonate filled polypropylene.  The fan wheel shall be dynamically balanced in 
accordance to AMCA Standard 204-05.  

C. The motor enclosures shall be open drip-proof (ODP), opening in the frame body and or end 
brackets. Motors shall be permanently lubricated sleeve bearing type to match with the fan load 
and furnished at the specific voltage and phase. Motors shall be mounted on vibration isolators 
and be accessible for maintenance. Motors shall be compatible for use with speed controls and 
have thermal overload protection. 

D. The fan housing shall be constructed of heavy gauge galvanized steel.  The interior shall be 
lined with 0.5 inches of acoustical insulation. 
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E. The outlet shall be field rotatable from horizontal to vertical discharge and the duct collar shall 
include a spring loaded aluminum backdraft damper. The access for wiring shall be external.   

F. Each fan shall be complete with all options and accessories as scheduled on the Drawings. 

2.5 SPLIT SYSTEM VRF UNITS 

A. The variable capacity, heat pump heat recovery air conditioning systems shall be a Mitsubishi 
Electric CITY MULTI VRF (Variable Refrigerant Flow) zoning systems. The systems shall 
consist of an R2-series "PURY" outdoor unit, "PEFY", “PKFY” and "PLFY" series CITY MULTI 
indoor units, and M-NET DDC (Direct Digital Controls). Each CITY MULTI indoor unit or group 
of CITY MULTI indoor units shall be independently controlled.   

B. Quality Assurance 

1. The units shall be listed by Electrical Testing Laboratories (ETL) and bear the ETL label.   
2. All wiring shall be in accordance with the National Electrical Code (N.E.C.). 
3. The units shall be manufactured in a facility registered to ISO 9001 and ISO14001 which 

is a set of standards applying to environmental protection set by the International 
Standard Organization (ISO). 

4. All units must meet or exceed the 2010 Federal minimum efficiency requirements and the 
proposed ASHRAE 90.1 efficiency requirements for VRF systems.  Efficiency shall be 
published in accordance with the DOE alternative test procedure, which is based on the 
Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Standards 340/360, 1230 
and ISO Standard 13256-1. 

5. A full charge of R-410A for the condensing unit only shall be provided in the condensing 
unit. 

C. Warranty 

1. The units shall be covered by the manufacturer’s limited warranty for a period of one (1) 
year from date of installation.  
a. If the systems are:  

1)  designed by a certified CITY MULTI Diamond Designer,  

2) installed by a contractor that has successfully completed the Mitsubishi 

Electric 3-day service course, AND 

3)  verified with a completed commissioning report submitted to and approved 

by the Mitsubishi Electric Service Department,  

b. then the units shall be covered by an extended manufacturer’s limited warranty for 
a period of five (5) years from date of installation.  

2. In addition, the compressor shall have a manufacturer’s limited warranty for a period of 7 
years from date of installation. 

3. If, during this period, any part should fail to function properly due to defects in 
workmanship or material, it shall be replaced or repaired at the discretion of the 
manufacturer.   

4. This warranty shall not include labor.  

D. General: 

1. Manufacturer shall have a minimum of 29 years of HVAC experience in the U.S. market. 
2. All manufacturer technical and service manuals must be readily available for download by 

any local contractor should emergency service be required.  Registering and sign-in 
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requirements which may delay emergency service reference are not allowed. 
3. The CITY MULTI VRF system shall be installed by a contractor with extensive CITY 

MULTI install and service training.  The mandatory contractor service and install training 
should be performed by the manufacturer.  

E. Controls  

1. The control system shall consist of a low voltage communication network of unitary built-
in controllers with on-board communications and a web-based operator interface.  A web 
controller with a network interface card shall gather data from this system and generate 
web pages accessible through a conventional web browser on each PC connected to the 
network. Operators shall be able to perform all normal operator functions through the web 
browser interface. 

2. System controls and control components shall be installed in accordance with the 
manufacturer’s written installation instructions. 

3. Furnish energy conservation features such as optimal start, night setback, request-based 
logic, and demand level adjustment of overall system capacity as specified in the 
sequence.  

4. System shall provide direct and reverse-acting on and off algorithms based on an input 
condition or group conditions to cycle a binary output or multiple binary outputs. 

5. Provide capability for future system expansion to include monitoring and use of occupant 
card access, lighting control and general equipment control. 

6. System shall be capable of email generation for remote alarm annunciation.  
7. Control system start-up shall be a required service to be completed by the manufacturer 

or a duly authorized, competent representative that has been factory trained in Mitsubishi 
controls system configuration and operation.  The representative shall provide proof of 
certification for Mitsubishi CMCN Essentials Training and/or CMCN Hands-On Training 
indicating successful completion of no more than 2 years prior to system installation.  
This certification shall be included as part of the equipment and/or controls submittals.  
This service shall be equipment and system count dependent and shall be a minimum of 
one 8-hour period to be completed during normal working hours. 

2.6 R2-SERIES OUTDOOR UNIT (PURY)  

A. General: 

1. The R2-Series PURY outdoor unit shall be used specifically with CITY MULTI VRF 
components.  The PURY outdoor units shall be equipped with multiple circuit boards that 
interface to the M-NET controls system and shall perform all functions necessary for 
operation.  Each outdoor unit module shall be completely factory assembled, piped and 
wired and run tested at the factory.   

2. Outdoor unit shall have a sound rating no higher than 60 dB(A) individually or 64 dB(A) 
twinned.  Units shall have a sound rating no higher than 50 dB(A) individually or 53 dB(A) 
twinned while in night mode operation. If an alternate manufacturer is selected, any 
additional material, cost, and labor to meet published sound levels shall be incurred by 
the contractor. 

3. Both refrigerant lines from the PURY outdoor unit to the BC (Branch Circuit) Controller 
shall be insulated. 

4. The outdoor unit shall have an accumulator with refrigerant level sensors and controls. 
5. The outdoor unit shall have a high pressure safety switch, over-current protection, 

crankcase heater and DC bus protection. 
6. The outdoor unit shall have total refrigerant tubing length of 1,804 feet maximum.  The 
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greatest length is not to exceed 541 feet between outdoor unit and the indoor units 
without the need for line size changes or traps. 

7. The outdoor unit shall be capable of operating in heating mode down to -13F ambient 

temperatures or cooling mode down to 23F ambient temperatures, without additional low 
ambient controls.  If an alternate manufacturer is selected, any additional material, cost, 
and labor to meet low ambient operating condition and performance shall be incurred by 
the contractor.  

8. The outdoor units shall have a high efficiency oil separator plus additional logic controls 
to ensure adequate oil volume in the compressor is maintained.  

9. Unit must defrost all circuits simultaneously in order to resume full heating more quickly.  
Partial defrost which may extend “no or reduced heating” periods shall not be allowed. 

B. Unit Cabinet: 

1. The casing(s) shall be fabricated of galvanized steel, bonderized and finished. 

C. Fan: 
1. Each outdoor unit module shall be furnished with one direct drive, variable speed 

propeller type fan.    The fan shall be factory set for operation under 0 in. WG external 

static pressure, but capable of normal operation under a maximum of 0.24 in. WG 
external static pressure via dipswitch. 

2. All fan motors shall have inherent protection, have permanently lubricated bearings, and 
be completely variable speed. 

3. All fan motors shall be mounted for quiet operation. 
4. All fans shall be provided with a raised guard to prevent contact with moving parts. 
5. The outdoor unit shall have vertical discharge airflow. 

D. Refrigerant 

1. R410A refrigerant shall be required for the outdoor unit systems. 
2. Polyolester (POE) oil shall be required.  Prior to bidding, manufacturers using alternate oil 

types shall submit material safety data sheets (MSDS) and comparison of hygroscopic 
properties for alternate oil with list of local suppliers stocking alternate oil for approval at 
least two weeks prior to bidding. 

E. Coil: 

1. The outdoor coil shall be of nonferrous construction with lanced or corrugated plate fins 
on copper tubing. 

2. The coil fins shall have a factory applied corrosion resistant blue-fin finish. 
3. The coil shall be protected with an integral metal guard. 
4. Refrigerant flow from the outdoor unit shall be controlled by means of an inverter driven 

compressor. 
5. The outdoor coil shall include 4 circuits with two position valves for each circuit, except 

for the last stage. 

F. Compressor: 

1. Each outdoor unit module shall be equipped with one inverter driven scroll hermetic 
compressor.  Non inverter-driven compressors, which cause inrush current (demand 
charges) and require larger wire sizing, shall not be allowed. 

2. A crankcase heater(s) shall be factory mounted on the compressor(s). 
3. The outdoor unit compressor shall have an inverter to modulate capacity.   
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4. The compressor will be equipped with an internal thermal overload. 
5. The compressor shall be mounted to avoid the transmission of vibration. 
6. Field-installed oil equalization lines between modules are not allowed.  Prior to bidding, 

manufacturers requiring equalization must submit oil line sizing calculations specific to 
each system and module placement for this project. 

G. Controls  

1. The outdoor unit shall have the capability of up to 8 levels of demand control for each 
refrigerant system 

H. Electrical:  

1. The outdoor unit electrical power shall be 208/230 volts, 3-phase, 60 hertz.   
2. The outdoor unit shall be capable of satisfactory operation within voltage limits of 187-

228 volts (208V/60Hz), 207-253V (230V/60Hz).  
3. The outdoor unit shall be controlled by integral microprocessors. 
4. The control circuit between the indoor units, BC Controller and the outdoor unit shall be 

24VDC completed using a 2-conductor, twisted pair shielded cable to provide total 
integration of the system.  

2.7 BRANCH CIRCUIT (BC) CONTROLLERS FOR R2-SERIES SYSTEMS 

A. General 

1. The BC (Branch Circuit) Controllers shall include multiple branches to allow simultaneous 
heating and cooling by allowing either hot gas refrigerant to flow to indoor unit(s) for 
heating or subcooled liquid refrigerant to flow to indoor unit(s) for cooling.  Refrigerant 
used for cooling must always be subcooled for optimal indoor unit LEV performance; 
alternate branch devices with no subcooling risk bubbles in liquid supplied to LEV and 
are not allowed. 

2. The BC (Branch Circuit) Controllers shall be specifically used with R410A R2-Series 
systems.  These units shall be equipped with a circuit board that interfaces to the M-NET 
controls system and shall perform all functions necessary for operation.  The unit shall 
have a galvanized steel finish.  The BC Controller shall be completely factory assembled, 
piped and wired.  Each unit shall be run tested at the factory.  This unit shall be mounted 
indoors, with access and service clearance provided for each controller. The sum of 
connected capacity of all indoor air handlers shall range from 50% to 150% of rated 
capacity.  

B. BC Unit Cabinet: 

1. The casing shall be fabricated of galvanized steel. 
2. Each cabinet shall house a liquid-gas separator and multiple refrigeration control valves. 
3. The unit shall house two tube-in-tube heat exchangers. 

C. Refrigerant 

1. R410A refrigerant shall be required.  

D. Refrigerant valves: 

1. The unit shall be furnished with multiple branch circuits which can individually 
accommodate up to 54,000 BTUH and up to three indoor units.  Branches may be 
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twinned to allow more than 54,000 BTUH. 
2. Each branch shall have multiple two-position valves to control refrigerant flow. 
3. Service shut-off valves shall be field-provided/installed for each branch to allow service to 

any indoor unit without field interruption to overall system operation. 
4. Linear electronic expansion valves shall be used to control the variable refrigerant flow. 

E. Integral Drain Pan: 

1. An Integral drain pan and drain shall be provided  

F. Electrical: 

1. The unit electrical power shall be 208/230 volts, 1 phase, 60 Hertz. 
2. The unit shall be capable of satisfactory operation within voltage limits of 187-228 

(208V/60Hz) or 207-253 (230/60Hz). 
3. The BC Controller shall be controlled by integral microprocessors 
4. The control circuit between the indoor units and outdoor units shall be 24VDC completed 

using a 2-conductor, twisted pair shielded cable to provide total integration of the system.  

2.8 PLFY-P**NCMU (4-WAY CEILING-RECESSED CASSETTE WITH GRILLE) INDOOR UNIT  

A. General: 
1. The PLFY-P**NCMU-ER4 shall be a four-way cassette style indoor unit that recesses 

into the ceiling with a ceiling grille. The indoor unit shall be factory assembled, wired and 
run tested.  Contained within the unit shall be all factory wiring, piping, electronic 
modulating linear expansion device, control circuit board and fan motor.  The unit shall 
have a self-diagnostic function, 3-minute time delay mechanism, an auto restart function, 
an emergency operation function and a test run switch.  Indoor unit and refrigerant pipes 
shall be charged with dehydrated air before shipment from the factory.   

B. Unit Cabinet: 

1. The cabinet shall be a compact 22-7/16” wide x 22-7/16” deep so it will fit within a 
standard 24” square suspended ceiling grid. 

2. The cabinet panel shall have provisions for a field installed filtered outside air intake. 
3. Four-way grille shall be fixed to bottom of cabinet allowing two, three or four-way blow. 

C. Fan: 

1. The indoor fan shall be an assembly with a turbo fan direct driven by a single motor. 
2. The indoor fan shall be statically and dynamically balanced to run on a motor with 

permanently lubricated bearings. 
3. The indoor fan shall consist of three (3) speeds, Low, Mid, and High. 
4. The indoor unit shall have an adjustable air outlet system offering 4-way airflow, 3-way 

airflow, or 2-way airflow. 
5. The auto air swing vanes shall be capable of automatically swinging up and down for 

uniform air distribution. 

D. Filter: 

1. Return air shall be filtered by means of a long-life washable filter. 
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E. Coil: 

1. The indoor coil shall be of nonferrous construction with smooth plate fins on copper 
tubing. 

2. The tubing shall have inner grooves for high efficiency heat exchange. 
3. All tube joints shall be brazed with phos-copper or silver alloy. 
4. The coils shall be pressure tested at the factory. 
5. A condensate pan and drain shall be provided under the coil. 
6. The unit shall be provided with an integral condensate lift mechanism that will be able to 

raise drain water 19-3/4” inches above the condensate pan. 
7. Both refrigerant lines to the PLFY indoor units shall be insulated. 

F. Electrical: 

1. The unit electrical power shall be 208/230 volts, 1-phase, 60 hertz. 
2. The system shall be capable of satisfactory operation within voltage limits of 187-228 

volts (208V/60Hz) or 207-253 volts (230V/60Hz). 

G. Controls: 

1. This unit shall use controls provided by Mitsubishi Electric to perform functions necessary 
to operate the system.  

2. Indoor unit shall compensate for the higher temperature sensed by the return air sensor 
compared to the temperature at level of the occupant when in HEAT mode.  Disabling of 
compensation shall be possible for individual units to accommodate instances when 
compensation is not required. 

3. Control board shall include contacts for control of external heat source.  External heat 
may be energized as second stage with 1.8°F – 9.0°F adjustable deadband from set 
point.  

4. Indoor unit shall include no less than 4 digital inputs capable of being used for 
customizable control strategies. 

5. Indoor unit shall include no less than 3 digital outputs capable of being used for 
customizable control strategies. 

2.9 PKFY-P**NLMU (Wall Mounted) INDOOR UNIT 

A. Indoor unit: 
1. The PKFY shall be a wall-mounted indoor unit section and shall have a modulating linear 

expansion device and a flat front.  The PKFY shall be used with the R2-Series outdoor unit 
and BC Controller, Y-Series outdoor unit, or S-Series outdoor unit. The PKFY shall support 
individual control using M-NET DDC controllers.     

2. The indoor unit shall be factory assembled, wired and run tested.  Contained within the unit 
shall be all factory wiring, piping, electronic modulating linear expansion device, control 
circuit board and fan motor.  The unit shall have a self-diagnostic function, 3-minute time 
delay mechanism, an auto restart function, and a test run switch.  Indoor unit and refrigerant 
pipes shall be charged with dehydrated air before shipment from the factory. 

B. Unit Cabinet: 
1. All casings, regardless of model size, shall have the same white finish 
2. Multi directional drain and refrigerant piping offering four (4) directions for refrigerant piping 

and two (2) directions for draining shall be standard. 
3. There shall be a separate back plate which secures the unit firmly to the wall. 

C. Fan: 
1. The indoor fan shall be an assembly with one or two line-flow fan(s) direct driven by a single 
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motor. 
2. The indoor fan shall be statically and dynamically balanced to run on a motor with 

permanently lubricated bearings. 
3. A manual adjustable guide vane shall be provided with the ability to change the airflow from 

side to side (left to right). 
4. A motorized air sweep louver shall provide an automatic change in airflow by directing the 

air up and down to provide uniform air distribution. 

D. Filter: 
1. Return air shall be filtered by means of an easily removable, washable filter. 

E. Coil: 
1. The indoor coil shall be of nonferrous construction with smooth plate fins on copper tubing. 
2. The tubing shall have inner grooves for high efficiency heat exchange. 
3. All tube joints shall be brazed with phos-copper or silver alloy. 
4. The coils shall be pressure tested at the factory. 
5. A condensate pan and drain shall be provided under the coil. 
6. Both refrigerant lines to the PKFY indoor units shall be insulated. 

F. Electrical: 
1. The unit electrical power shall be 208/230 volts, 1-phase, 60 hertz. 
2. The system shall be capable of satisfactory operation within voltage limits of 187-228 volts 

(208V/60Hz) or 207-253 volts (230V/60Hz) 

G. Controls: 
1. This unit shall use controls provided by Mitsubishi Electric Cooling & Heating to perform 

functions necessary to operate the system.  Please refer to Part 4 of this guide specification 
for details on controllers and other control options. 

2. The unit shall be able to control external backup heat. 
3. The unit shall have a factory built in receiver for wireless remote control  
4. Indoor unit shall compensate for the higher temperature sensed by the return air sensor 

compared to the temperature at level of the occupant when in HEAT mode.  Disabling of 
compensation shall be possible for individual units to accommodate instances when 
compensation is not required. 

5. Control board shall include contacts for control of external heat source.  External heat may 
be energized as second stage with 1.8°F – 9.0°F adjustable deadband from set point. 

6. Indoor unit shall include no less than four (4) digital inputs capable of being used for 
customizable control strategies. 

7. Indoor unit shall include no less than three (3) digital outputs capable of being used for 
customizable control strategies.  

2.10 PEFY- P**NMAU (CEILING-CONCEALED DUCTED) INDOOR UNIT  

A. Indoor Unit 

1. The PEFY shall be a ceiling-concealed ducted indoor fan coil design that mounts above 
the ceiling with a 2-position, field adjustable return and a fixed horizontal discharge 
supply and shall have a modulating linear expansion device. The PEFY shall support 
individual control using M-NET DDC controllers. 

2. The indoor unit shall be factory assembled, wired and run tested.  Contained within the 
unit shall be all factory wiring, piping, electronic modulating linear expansion device, 
control circuit board and fan motor.  The unit shall have a self-diagnostic function, 3-
minute time delay mechanism, and an auto restart function.  Indoor unit and refrigerant 
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pipes shall be charged with dehydrated air before shipment from the factory. 

B. Unit Cabinet: 

1. The unit shall be ceiling-concealed, ducted. 
2. The cabinet panel shall have provisions for a field installed filtered outside air intake. 

C. Fan: 

1. PEFY-NMAU models shall feature external static pressure settings from 0.14 to 0.60 in. 
WG.  

2. The indoor unit fan shall be an assembly with one or two Sirocco fan(s) direct driven by a 
single motor. 

3. The indoor fan shall be statically and dynamically balanced and run on a motor with 
permanently lubricated bearings. 

4. The indoor fan shall consist of three (3) speeds, High, Mid, and Low plus the Auto-Fan 
function 

5. The indoor unit shall have a ducted air outlet system and ducted return air system. 

D. Filter: 

1. Return air shall be filtered by means of a standard factory installed return air filter.  
2. Optional return filter box (rear or bottom placement) with high-efficiency filter shall be 

available for all PEFY indoor units. 

E. Coil: 

1. The indoor coil shall be of nonferrous construction with smooth plate fins on copper 
tubing. 

2. The tubing shall have inner grooves for high efficiency heat exchange. 
3. All tube joints shall be brazed with phos-copper or silver alloy. 
4. The coils shall be pressure tested at the factory. 
5. A condensate pan and drain shall be provided under the coil. 
6. The condensate shall be gravity drained from the fan coil. 
7. Both refrigerant lines to the PEFY indoor units shall be insulated. 

F. Electrical: 

1. The unit electrical power shall be 208/230 volts, 1-phase, 60 hertz. 
2. The system shall be capable of satisfactory operation within voltage limits of 187-228 

volts (208V/60Hz) or 207-253 volts (230V/60Hz). 

2.11 REGISTERS, GRILLES AND DIFFUSERS 

A. Air terminals shall be Titus, as scheduled on the Drawings or equal Price. 

B. All terminals shall be steel and shall be factory painted “off-white”, unless otherwise noted.  Air 
terminals for installation in gypsum board shall have a 1” border for surface mounting.  All air 
terminals for installation in lay-in ceilings shall have a lay-in frame to match the specified grid 
system.  
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2.12 ACCESS PANELS 

A. Where construction is not inherently accessible, provide adequately sized and conveniently 
located access doors in ceilings, walls, and furring for access to controls and for servicing 
valves, equipment, etc.   

1. Fire Rated walls and ceilings:  Milcor, Style UFR, U.L. Class B, 1½ hour rating, insulated, 
self closing, self latching, flush key operated cylinder lock, interior latch release. Minimum 
size shall be 12” x 12”. Provide larger sizes where required.    

2. Drywall ceilings or walls:  Milcor, Style DW, prime coated steel, flush screwdriver-
operated cam lock.  Minimum size shall be 12” x 12”. Provide larger sizes where 
required.    

3. Masonry walls:  Milcor, Style M, prime coated steel, flush screwdriver-operated cam lock.  
Minimum size shall be 12” x 12”. Provide larger sizes where required.   

4. Tiled walls:  Milcor, Style MS, satin finish stainless steel, flush screwdriver-operated cam 
lock.  

5. Plastered walls and ceilings: Milcor, Style K, prime coated steel, flush screwdriver-
operated cam lock.  Minimum size shall be 12” x 12”. Provide larger sizes where 
required.    

B. Doors shall be delivered to the General Contractor for installation.  

2.13 VIBRATION ISOLATORS 

A. Unless otherwise noted on the equipment schedule, all mechanical equipment shall be 
mounted on vibration isolators to prevent the transmission of vibration and mechanically 
transmitted sound to the building structure. All isolators shall be Mason Industries, Kinetics, or 
approved equal.  Rated deflections and model numbers shall be as scheduled on the drawings.  

B. Spring equipment mounts, earthquake motioned restrained:  

1. Mounts shall incorporate a single spring vibration isolator built into a welded steel mount 
assembly, designed and engineered to limit movement of supported equipment during an 
earthquake without degrading the vibration isolation of the spring during normal 
equipment operating conditions.  

2. Mounts shall incorporate a welded steel plate and motion limit assembly, and steel spring 
isolator, engineered as a system to accept a force of 1.3 times the rated load capacity of 
the spring isolator without yield or failure, and shall limit movement of the point of level 
bolt connection to supported equipment to 0.75 inches in any direction, relative to any 
fixed point on the mount assembly, while subjected to the minimum force specified.  

3. The motion limit assembly shall be welded to a steel base plate having a ¼” thick ribbed 
neoprene noise stop pad, and drilled holes for bolting to supporting structures.  

4. Springs shall be wound steel, using high strength, heat treated spring alloy steel and 
shall have a horizontal spring stiffness equal to or greater than 1.3 times the rated vertical 
spring stiffness.  The outside diameter of each spring shall be a minimum of 0.8 times the 
rated vertical spring height.  

5. Springs shall be selected to provide the tabulated minimum operating static deflections 
and shall provide a 50% overload capacity before reaching solid state.  Springs shall be 
designed to reach solid state before exceeding the spring steel fatigue point.  
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2.14 DUCTWORK  

A. Sheet Metal Ductwork:  

1. Ducts and plenums shall be fabricated and installed in conformance with the latest 
editions of: NFPA Pamphlet No. 90A; California Building Code; California Mechanical 
Code and the SMACNA HVAC Duct Construction Standards (Metal & Flexible).  Ducts 
and plenums shall be constructed of G-60 coated galvanized steel of lockforming grade 
conforming to ASTM A653 and A924 standards.  Seals shall be airtight Class “B” seals at 
all transverse joints and longitudinal seams.  Tables and figures hereinafter referenced 
are from the 2005 edition of the SMACNA HVAC Duct Construction Standards (Metal and 
Flexible). 

2. Rectangular duct construction shall conform to Table 2-3.  All transverse joints shall be 
flanged per Table 2-32, with corner closures or “Duct Mate” flanged connections with 
corner closures per Figure 2-16 or 2-17.  Elbows shall be standard radius (Type RE 1) or 
square throat with vanes (Type RE 2) per Figure 4-2, with double thickness turning vanes 
per Figures 4-3 and 4-4.  Offsets and transitions shall be per Figure 4-7.  Supply, return, 
and exhaust branch connections shall be per Figure 4-5 or 4-6.  Splitters SHALL NOT be 
used.  

3. Round ducts shall be spiral, United McGill or equal.  All transverse joints and longitudinal 
seams shall have Class “B” seals.  All branches in round duct systems shall be made 
with factory fabricated reducing wye branches.  Duct turns shall be made with standard, 
factory fabricated, three-piece elbows.  

4. Lined ducts shall be fabricated such that the net inside dimensions equals the duct sizes 
shown on the Drawings.  

5. Flexible ducts shall be acoustical type, Flexmaster “6M”, Casco "Silent Flex – SF-18M", 
or approved equal.  Flexible ducts shall be used only where shown on the Drawings, and 
maximum length of any given flexible duct shall not exceed 7 feet.  Galvanized sheet 
metal elbows shall be used for turns greater than 45 degrees on flexible ducts 10 inches 
and larger.  Connections to rectangular ducts shall be made with “spin-in” fittings with air 
scoops.  The installation of flexible ducts shall conform to Figure 3-10, with the 
exceptions noted herein.  

6. Supports for horizontal ducts and plenums shall be fabricated per Figures 5-5 and 5-6 
and Tables 5-1, 5-2 and 5-3.  The maximum distance between hangers shall be 8 feet for 
rectangular ducts and 12 feet for round ducts.  Attachments to the structure shall be 
made with adequately sized lag bolts for strap hangers and adequately sized machine 
bolts and side beam brackets for rod hangers.  Supports for vertical ducts shall be band 
iron strap or angle bracket type per Figures 5-8 and 5-9. 

7. All roof-mounted ductwork shall be water tight and sloped to shed water.  All transverse 
joints shall be T-25 flanged Ductmate “25”, or approved equal.  

8. Outside air intakes shall be type 316 stainless steel. 
9. Ducts and plenums shall be fabricated and installed in conformance with the latest 

editions of: NFPA Pamphlet No. 90A; California Building Code; California Mechanical 
Code and the SMACNA HVAC Duct Construction Standards (Metal & Flexible).  Ducts 
and plenums shall be constructed of hot dipped galvanized mild steel and shall have 
airtight Class “B” seals at all transverse joints and longitudinal seams.  Tables and figures 
hereinafter referenced are from the 2005 edition of the SMACNA HVAC Duct 
Construction Standards (Metal and Flexible). 

10. Rectangular duct construction shall conform to Table 2-3.  All transverse joints shall be 
flanged per Table 2-32, with corner closures or “Duct Mate” flanged connections with 
corner closures per Figure 2-17.  Elbows shall be standard radius (Type RE 1) or square 
throat with vanes (Type RE 2) per Figure 4-2, with double thickness turning vanes per 
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Figures 4-3 and 4-4.  Offsets and transitions shall be per Figure 4-7.  Supply, return, and 
exhaust branch connections shall be per Figure 4-5 or 4-6.  Splitters SHALL NOT be 
used.  

11. Round ducts shall be spiral, United McGill or equal.  All transverse joints and longitudinal 
seams shall have Class “B” seals.  All branches in round duct systems shall be made 
with factory fabricated reducing wye branches.  Duct turns shall be made with standard, 
factory fabricated, three-piece elbows.  

12. Lined ducts shall be fabricated such that the net inside dimensions equals the duct sizes 
shown on the Drawings.  

13. Flexible ducts shall be Flexmaster “8M” or approved equal.  Flexible ducts shall be used 
only where shown on the Drawings, and maximum length of any given flexible duct shall 

not exceed 7'.  Galvanized sheet metal elbows shall be used for turns greater than 45 on 
flexible ducts 10" and larger.  Connections to rectangular ducts shall be made with 
“spin-in” fittings with air scoops.  The installation of flexible ducts shall conform to Figure 
3-10, with the exceptions noted herein.  

14. Supports for horizontal ducts and plenums shall be fabricated per Figures 5-5 and 5-6 
and Tables 5-1, 5-2 and 5-3.  The maximum distance between hangers shall be eight feet 
for rectangular ducts and twelve feet for round ducts.  Attachments to the structure shall 
be made with adequately sized lag bolts for straphangers and adequately sized machine 
bolts and side beam brackets for rod hangers.  Supports for vertical ducts shall be band 
iron strap or angle bracket type per Figure 5-8 and 5-9. 

15. All roof-mounted ductwork shall be water tight and sloped to shed water.  All transverse 
joints shall be T-25 flanged, Ductmate “25”, or approved equal.  

16. Outside air intakes shall be type 316 stainless steel. 

B. Fiberglass Ductwork:  

1. Fiberglass ductwork is unacceptable and may not be used on this project. 

C. Specialties:  

1. Duct Mounted Access Doors  
a. Including those for removing filters, duct access doors shall be fabricated as 

detailed in Figure 7-2, with sash locks, piano hinges, and cam latches.  Round duct 
shall be fabricated as detailed in Figure 7-3. 

b. Access doors shall be double wall, rectangular, insulated or uninsulated same as 
duct.  Insulation fill and thickness shall be as indicated for pressure class. 

c. Access doors shall have a vision panel and an unobstructed full swing. 
d. Fabricate doors airtight and suitable for duct pressure class. 

2. Dampers:  
a. Provide butterfly or multiple blade dampers where indicated on the Drawings or as 

required for balancing air quantities, to values shown without generating excessive 
noise.  Provide Duro-Dyne “ KS-385”, or approved equal, locking quadrants 
on each manual damper.  Locate dampers in furred ceilings near access panels 
where possible.  

b. Butterfly dampers shall be constructed as per Figure 7-4, Figures A, B, and C. 
c. Multi-blade dampers shall conform to Figure 7-5. 
d. Motorized dampers - See Temperature Controls.  

3. Remote Actuators: Young Regulator Company, Round Cable Controlled Dampers Model 
5020-CC or 830A-CC (rectangular) and Remote Cable Control System Kit Model 270-
301EZ.  All dampers in inaccessible ceilings shall have remote actuators. 

4. Air Extractors: Duct mounted volume extractors made of galvanized steel with 1-inch 
blade spacing, Titus model “AG-45”, or equal.  
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5. Flexible Duct Connections:  Duro-Dyne “Metal-Fab” with Durolon, Ventfabrics “Ventglas”, 
or approved equal.  Install at each point where a blower unit is connected to a duct.  A 
minimum clearance of 3"  between the duct and the source of vibration shall be 
maintained.  Install per Figure 7-8.  

6. Screens: Install removable bird screens at ALL outside air intakes and exhaust air 
discharges.  Screens shall be fabricated from ½" x 14 gauge mesh secured in full frames.  
Screens and frames shall be constructed of the same material as the duct, hood, or 
equipment to which attached.  

7. Access Panels: Milcor, Style M, prime coated steel, or approved equal.  Minimum size 
shall be 10” x 10”.  Provide larger sizes where required.  Locks shall be flush, screwdriver 
operated.  Provide as required for concealed ducts at all fire dampers, electric duct 
heaters, and automatic dampers except at suspended acoustic ceilings.  

8. Joints:  Tape all joints airtight using Hardcast - Carlisle, type “DT” pressure-less tape and 
“RTA 50” sealant, or McGill AirSeal, “Uni-Flex” duct sealer. Install per manufacturer’s 
directions.  

2.15 INSULATION 

A. General 

1. All duct insulation materials including jackets, tapes, adhesives and coatings shall meet 
ASTM E84 25/50 Flame Spread/Smoke Development requirements.  

B. Exterior of Ductwork: (Flexible Duct Wrap) 

1. Unless specified to be lined, all ductwork shall be wrapped with formaldehyde-free, 
flexible glass-fiber or mineral-wool, blanket type insulation with factory applied FSK 
aluminum foil facing.  Thickness shall be 2 inches unless noted otherwise. 
a. Johns Manville “Microlite EQ”, Knauf Insulation “Friendly Feel”, Owens Corning 

“SoftR Duct Wrap”, or approved equal. 

C. Interior of Ductwork: (Duct Liner) 

1. All ducts exposed to the weather shall be internally insulated. All other ductwork within 10 
feet of a fan (supply and return) shall be internally insulated. Duct liner shall be installed 
in supply and return ducts and plenums where noted on the Drawings. Exhaust ductwork 
need not be insulated. 

2. Duct liner shall meet the requirements of ASTM C 1071, NFPA 90A or NFPA 90B Type I 
and Type II. Operating temperature shall meet ASTM C411. Microbial growth shall meet 
ASTM C1338, G21 and G22. 
a. Type I - Plenum Liner Board: Johns Manville “Permacote Linacoustic R-300” or 

Knauf “Rigid Plenum Liner”, or approved equal.  Thickness shall be 1 ½ inches, 
unless otherwise noted. 

b. Type II - Flexible Duct Liner: Johns Manville “Linacoustic RC” or Knauf “Sonic XP 
Duct Liner”, with fire resistant facing; or approved equal.  Thickness shall be 1 ½ 
inches, unless otherwise noted. 

D. Refrigerant Piping:  

1. Insulate all refrigerant lines, fittings, and valves with flexible elastomeric thermal 
insulation, Resolco Insul-Phen rigid closed cell phenolic foam, or equal, according to 
manufacturer’s suggested installation procedures, UV protected. 

2. Liquid, suction, and hot gas (where applicable) lines shall be insulated individually. 
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3. Oil equalization lines between multiple condensing units shall be insulated. 

E. Piping insulation thickness shall be as follows: 

FLUID 
TEMPERATURE 

RANGE  
(°F) 

CONDUCTIVITY 
RANGE  

(in Btu-inch per 
hour per square 

foot per °F) 

INSULATION 
MEAN RATING 

TEMPERATURE 
(°F) 

NOMINAL PIPE DIAMETER (in inches) 

1 and 
less 

1 to 
<1.5 

1.5 to 
< 4 

4 to < 
8 

8 and 
larger 

INSULATION THICKNESS REQUIRED (in 
inches) 

Space heating, Hot Water systems (steam, steam condensate and hot water) and Service Water Heating 
Systems 

Above 350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0 

251-350 0.29-0.31 200 3.0 4.0 4.5 4.5 4.5 

201-250 0.27-0.30 150 2.5 2.5 2.5 3.0 3.0 

141-200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0 

105-140 0.22-0.28 100 1.0 1.5 1.5 1.5 1.5 

Space cooling systems (chilled water, refrigerant and brine) 

40-60 0.21-0.27 75 0.5 0.5 1.0 1.0 1.0 

Below 40 0.20-0.26 50 1.0 1.5 1.5 1.5 1.5 

F. All tanks, expansion tank, pumps, volutes, valves and strainers shall be completely insulated 
with ½”Armaflex glued and sealed, vapor tight, in place with Armstrong #520 adhesive. 

PART 3 - EXECUTION  

3.1 SURFACE CONDITIONS  

A. Prior to commencing the work of this Section, the Contractor shall inspect the installed work of 
other trades and verify that their work is sufficiently complete to permit the start of work under 
this Section, and that the completed work will be in complete accordance with the original 
design. In the event of discrepancy, immediately notify the Architect and proceed as directed.  

3.2 GENERAL INSTALLATION 

A. Provide all necessary cutting in connection with the work of this Section.  No structural 
members shall be drilled, bored, or notched in a manner which will impair their structural 
capacity. All penetrations of concrete or masonry shall be made with core drills. No cutting shall 
be done without the approval of the Architect.  

3.3 HEATING & AIR CONDITIONING EQUIPMENT INSTALLATION 

A. All units shall be set with curbs plumb, level, and securely attached through framed opening 
with bolts and/or lag screws as noted on the Drawings.  Connections to ductwork shall be 
secured, filter racks shall be aligned, enclosures and ductwork connections shall be fully 
waterproofed, and all utility and control connections shall be complete.  
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3.4 INSULATION  

A. Exterior Ductwork:  

1. Duct wrap shall be cut in a manner to meet the manufacturers’ stretch-out guidelines to 
provide a 2-inch staple lap and have minimum compression at the corners.  All joints 
shall be lapped 2 inches and stapled with outward clinching staples 2-inches on center.  
The insulation shall be mechanically fastened to the underside of all ducts 24 inches wide 
or more using cup-head pins, weld pins, or stick pins with speed clips 18 inches on 
center. Insulation shall not be compressed to comply with required installed R-value.  All 
joints and penetrations of the vapor barrier jacket shall be sealed with a minimum 3-inch 
wide matching pressure sensitive tape.  Pressure-sensitive tape shall be firmly rubbed in 
place immediately after application using a “squeegee” type tool. 

2. When a vapor seal is required, two coats of vapor retarder mastic reinforced with one 
layer of 4 inches wide, open weave glass fabric may be used in lieu of pressure-sensitive 
tape. Mastic shall be brushed onto joint and glass fabric imbedded in it. A second coat of 
mastic shall be brushed over the glass fabric until the fabric is filled.  Mastics shall be 
applied in accordance with application instructions on the container. 

B. Interior Duct Liner  

1. Apply to the inside face of ducts, coated side facing air stream. Fasten using fire 
retardant adhesive and secure with mechanical fasteners at 12 inches maximum o.c., 
both directions, for velocities up to 2,500 fpm.  Velocities over 2,500 fpm shall have 
fastener spacing of 6 inches o.c.  

2. Exposed edges must be factory or field coated with adhesive. Metal nosing shall be 
installed in all liner leading edges facing the airstream at fan discharge, at access doors, 
and at any interval of lined duct preceded by unlined duct.  

3. Insulation with torn or broken coatings shall be removed and replaced.  Loose corners, 
edges, and butt joints will not be accepted.  

4. Maximum velocity: 5,000 ft/min. 

C. Refrigerant Piping:  

1. The insulation shall be installed in accordance with the manufacturer’s instructions. All 
joints and seams shall be sealed with waterproof vapor retarder adhesive. All pipes 
exposed to the weather shall be coated to protect the insulation from ultra-violet radiation 
in accordance with the manufacturer’s published instructions.  

D. All pipe insulation ends shall be tapered and sealed, regardless of service. 

3.5 FILTERS 

A. During construction, protect all filters upstream of air handling units with blankets of 2-inch 
fiberglass filter media or 2-inch disposable panel filters.  UL Class 2 listed.   

B. Systems shall not be operated without properly installed filters.  Filters used during construction 
shall be removed and replaced with new filters after construction is completed and the systems 
are ready for final acceptance by the owner.  
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3.6 VRF SPLIT SYSTEM INSTALLATION 

A. Contractor’s Qualifications 

1. The mechanical Contractor shall show having successfully installed a minimum of 2 
Mitsubishi City Multi projects within the past 5 years.  Provide for approval prior to 
construction, a written statement indicating the project names, dates completed, owners 
name and contact information. 

B. Installer Qualifications 

1. Installers for the Mitsubishi systems shall have at least one person factory trained and 
certified for installation and service of the systems by Mitsubishi Electric.  This person 
shall at all times supervise the installation of all other installers and assure that all work is 
done in accordance with Mitsubishi requirements.  All other installers shall be trained and 
certified in HVAC installation (included but not limited to refrigerant piping and controls) 
by a national or regionally recognized organization.  Provide for approval, prior to 
construction, copies of installers certificates or other proof of qualifications. 

C. All units shall be set with curbs plumb, level, and securely attached through framed opening 
with bolts and/or lag screws as noted on the Drawings.  Connections to ductwork shall be 
secured, filter racks shall be aligned, enclosures and ductwork connections shall be fully 
waterproofed, and all utility and control connections shall be complete.  

D. General: 

1. Rig and install in full accordance with manufacturer’s requirements, project drawings, and 
contract documents.  Refer to the manufacturer’s installation manual for full 
requirements. 

E. Location: 

1. Locate indoor and outdoor units as indicated on drawings. Provide service clearance per 
manufacturer’s installation manual.  Adjust and level outdoor units on support structure.   

F. Components / Piping: 

1. Installing Contractor shall provide and install all accessories and piping for a fully 
operational system. Refer to manufacturer’s installation manual for full instructions.    

2. Traps, filter driers, and sight glasses are NOT to be installed on the refrigerant piping or 
condensate lines. 

3. Standard ACR fittings rated for use with R410A are to be used for all connections.  
Proprietary manufacturer-specific appurtenances are not allowed.   

4. Refrigerant pipe for CITY MULTI shall be made of phosphorus deoxidized copper, and 
has two types.  
a. ACR Type-L “Annealed Temper”: Soft copper pipe, can be easily bent with 

human's hand.  
b. ACR Type L “Drawn Temper”: Hard copper pipe (Straight pipe), being stronger 

than Type-O pipe of the same radical thickness.  
5. The maximum operation pressure of R410A air conditioner is 4.30 MPa [623psi] . The 

refrigerant piping should ensure the safety under the maximum operation pressure. Refer 
to recommend piping specifications in Mitsubishi Electric’s engineering manual. Pipes of 
radical thickness 0.7mm or less shall not be used.  

6. Flare connection should follow dimensions provided in manufacturer’s installation 
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manuals.  

G. Insulation: 

1. Refrigerant lines, as well as any valves, shall be insulated end to end with ½” closed-cell 
pipe insulation.  If state or local codes require insulation other than that specified above, 
the greater insulation shall be used. 

H. Electrical: 
1. Installing Contractor shall coordinate electrical requirements and connections for all 

power feeds with electrical Contractor. Refer to Division 26 for additional information.  

I. Third Party Controls: 

1. Installing Contractor shall coordinate all BAS/BMS control requirements and connections 
with controls contractor. 

3.7 DUCTWORK 

A. All ductwork shall be installed within spaces provided, where possible.  Ducts shall be installed 
true to line and grade, fully secured to structural framing with specified hangers and supports, 
insulated, and vibration isolated.  

B. Each section of supply air ductwork shall be cleaned, dust and oil free, at the shop using a 
degreasing agent and detergent and sealed airtight at both ends with visqueen and tape.  
Supply ducts shall be additionally cleaned with a disinfecting solution.  Ends of all supply and 
internally insulated exhaust ducts shall be kept sealed until the time they are joined.  When duct 
sections are joined, wipe down all interior surfaces with a clean tack cloth.  If tack cloth shows 
any dust, then re-clean duct as described above.  The intent is that no foreign matter be 
allowed to enter the ductwork at any time after factory cleaning and during construction. 

1. Submit detailed shop and field duct handling procedures for review. 
2. Unlined exhaust ducts shall be vacuum cleaned when installed but shall otherwise be 

exempt from shop cleaning and sealing. 

3.8 INSTALLATION, HANGERS AND SUPPORTS 

A. Pipe supports shall be spaced according to CMC 2022, Table 313.3 and sufficiently close to 
support pipes properly without formation of pockets.  Hangers shall be installed at ends of 
mains and branches.  

B. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, 
washers, and other accessories. 

C. No valve or piece of equipment shall be used to support piping.  

D. Pipes through studs or joists shall be isolated from structure with properly sized Hubbard "Hold-
Rite" suspension clamps. 

E. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
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expansion joints, expansion loops, expansion bends, and similar units. 

F. Install lateral bracing with pipe hangers and supports to prevent swaying. 

G. Install building attachments within concrete slabs or attach to structural steel.  Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, 2-½ inches and 
larger and at changes in direction of piping.  Install concrete inserts before concrete is placed; 
fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

H. Installation of piping shall be such that damage cannot result through loading, expansion or 
contraction of piping.  Anchors shall be installed to obtain uniformity of pipe movement. 

I. Flexibility of piping systems must be maintained by the use of flexible devices at critical points 
at junctions of separate building structures.  Braces or anchors shall be designed to damp 
oscillations or check excessive movement.  Flexible devices for piping of gas shall be loops or 
offsets.  Flexible devices for other piping may be loops, Victaulic grooved, or roustabout 
couplings.  Piping at tops and bottoms of risers are critical points where flexibility is required, as 
well as at changes in direction on long runs of piping 4" and larger.  

J. Tops of risers shall be restrained from motion in horizontal direction, and midpoints shall be 
anchored in all directions. 

3.9 INSTALLATION, REFRIGERANT PIPING 

A. Piping installation shall comply with all federal, state, and local regulations and industry 
guidelines.  In addition, the following practices shall be followed. 

1. All piping shall be stored with ends sealed to prevent entry of moisture and debris. 
2. A pipe cutter specific to the piping material applied shall be used. 
3. All factory and field cut tube ends shall be de-burred and cleaned. 
4. Flared fittings shall be formed using tools recommended by the equipment manufacturer. 
5. Flare nuts shall be tightened with torque wrench furnished by the equipment 

manufacturer. 
6. Piping shall be continuously purged with dry nitrogen while soldering. Care shall be taken 

when soldering near valves or other equipment that may be damaged by extreme heat.  

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems; indicated locations and arrangements were used to size pipe and calculate friction 
loss, expansion, pump sizing, and other design considerations.  Install piping as indicated 
unless deviations to layout are approved on Shop Drawings. 

C. Install refrigerant piping according to ASHRAE 15. 

D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 
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G. Install piping adjacent to machines to allow service and maintenance. 

H. Install piping free of sags and bends. Install fittings for changes in direction and branch 
connections. Install piping as short and direct as possible, with a minimum number of joints, 
elbows, and fittings. 

I. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and 
specialties in accessible locations to allow for service and inspection.  Install access doors or 
panels as specified in Division 08 Section "Access Doors and Frames" if valves or equipment 
requiring maintenance is concealed behind finished surfaces. 

J. Install refrigerant piping in protective conduit where installed below ground. Install refrigerant 
piping in rigid or flexible conduit in locations where exposed to mechanical injury. 

K. Slope refrigerant piping as follows: 

1. Install horizontal hot-gas discharge piping with a uniform slope downward away from 
compressor. 

2. Install horizontal suction lines with a uniform slope downward to compressor. 
3. Use double-suction riser for maximum compressor efficiencies if load variation is 

expected. 
4. Install traps and double risers to entrain oil in vertical runs. 
5. Liquid lines may be installed level. 

L. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve 
stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply 
heat near expansion-valve bulb. 

M. Install piping with adequate clearance between pipe and adjacent walls and hangers or 
between pipes for insulation installation. 

N. All refrigerant piping and valves shall be identified. 

3.10 TESTS, INSPECTIONS 

A. Make all necessary control adjustments and balancing of air and water flows.  Operate the 
entire system for a period of time not less than 3 working days for the purpose of proving 
satisfactory performance.  During this period, instruct such persons as the Owner and/or 
Architect may designate in the proper operation of the systems.  Should further adjustment 
prove necessary, operating tests shall be repeated until a satisfactory test is obtained.  

B. This Contractor shall not allow or cause any work of this Section to be covered or enclosed until 
it has been inspected, tested, and approved by the Architect and the authorities having 
jurisdiction over the Work.  Should any of this work be enclosed or covered up before such 
inspection, testing, and approval, this Contractor shall uncover the work, have the necessary 
inspections, tests, and approvals made and, at NO expense to the Owner, make all repairs 
necessary to restore both his work and that of other contractors which may have been 
damaged to be in conformity with the Contract Documents.  

C. Furnish all necessary labor, materials, and equipment for conducting tests, and pay all 
expenses in connection therewith.  Should leaks develop while testing, repairs shall be made, 
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and tests shall be repeated until a satisfactory test is obtained.  

D. Acceptance Testing 

1. The California Energy Code Section 10-103 requires Acceptance Testing on all newly 
installed mechanical systems envelopes after installation and before project completion.  
An Acceptance Test is a functional performance test to help ensure that newly installed 
equipment is operating and in compliance with the Energy Code.  The systems must 
pass the required acceptance criteria. Any deficiencies must be corrected by the 
installing Contractor until the specified systems conform and pass the required 
acceptance criteria.  As of October 2021, all mechanical system acceptance tests must 
be performed by a certified mechanical acceptance test technician (CMATT). 

2. A listing of certified ATT can be found at  
https://www.energy.ca.gov/programs-and-topics/programs/acceptance-test-technician-
certification-provider-program/acceptance. 

3. The acceptance testing procedures must be repeated, and deficiencies must be 
corrected by the builder or installing contractor until the construction/installation of the 
specified systems conform and pass the required acceptance criteria.  Project inspectors 
will collect the forms to confirm that the required Acceptance Tests have been completed.  

E. Ductwork Testing 

1. Acceptance testing is required for single zone units serving <5,000 ft
2
 of floor area where 

>25% of duct surface area is in an unconditioned space.  A HERS Rater or CMATT can 
perform the test. 

2. New duct systems that are not subject to testing under the Title 24 Part 6 - Building 
Energy Efficiency Code, Section 120.4(g)1 shall instead meet the duct leakage testing 
requirements of CMC Section 603.9.2. 

F. Condenser water piping shall be hydrostatically tested at 125-psi pressure and proved tight 
before covering.  Tests may be made in sections provided connection to service previously 
tested is included in each succeeding test.  Systems shall be tight for eight hours.  

G. Refrigerant Piping Testing 

1. Pressure and leak tests on refrigeration piping and equipment shall be done in 
accordance with manufacturer’s instructions, local code requirements, and ASHRAE 
Standard 15-2024.  When system components have been strength tested under pressure 
by the component manufacturer according to the standard, no further testing on the 
premises, other than leak testing, is required unless component has been modified or 
repaired. 

2. Be sure that all controls, relief valves or rupture discs that could be damaged by test 
pressure are removed before beginning pressure test. Examine pipe before pressure is 
applied to ensure that it is tightly connected.  All items not subject to the pressure test 
shall be disconnected or isolated by valves, blanks, plugs, or other suitable means. 

3. The medium used for pressure testing the refrigeration system shall be oxygen free 
nitrogen or a premixed nonflammable oxygen free nitrogen with a tracer gas of hydrogen 
or helium. Do not use oxygen, air, combustible gases, and mixtures containing 
combustible gases as the pressure test medium. 

4. The means used to pressurize the refrigeration system piping shall have either a 
pressure limiting device or a pressure reducing device and a test pressure measuring 
device on the outlet side. The test pressure measuring device shall have an accuracy of 
±3% or less of the test pressure and shall have a resolution of 3% or less of the test 

https://www.energy.ca.gov/programs-and-topics/programs/acceptance-test-technician-certification-provider-program/acceptance
https://www.energy.ca.gov/programs-and-topics/programs/acceptance-test-technician-certification-provider-program/acceptance
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pressure 
5. Pressure test all refrigerant copper piping from the service valves at the condensing unit 

up to the isolation valves of the evaporator unit, if the system is so equipped. The high 
and low side of each completed refrigeration piping system must be pressure tested. 
Pressurize with test gas for a minimum of ten (10) minutes to not less than the lower of 
(a) the lowest design pressure for any refrigeration system component or (b) the lowest 
value of set pressure for any pressure relief devices in the refrigeration system. The 
design pressures for determination of test pressure shall be the pressure identified on the 
label nameplate. The pressure shall hold for a period of 24 hours.   

6. After successful completion of the required strength test and before being placed into 
operation, system components and field installed connections shall be leak tested for 
tightness in accordance with ASHRAE 15, 2024. 

7. A vacuum of 0.00967 psi (66.7 Pa) absolute or lower shall be achieved (0.0197 in. of 
mercury [32°F]. After achieving a vacuum, the refrigeration system shall be isolated from 
the vacuum pump.  The refrigeration system pressure shall not rise above 0.029 psi (200 
Pa) absolute (0.059 in. of mercury [32°F]) for a period of 24 hours. 

8. The installing Contractor shall issue a certificate of test, verifying strength test and 
leakage test in accordance with ASHRAE 15 to the AHJJ for all refrigeration systems 
containing 55 lb (25 kg) or more of refrigerant. The certificate shall give the test date, 
photograph of the pressure gage at the test pressure, refrigerant designation, test 
medium, and the field test pressure applied to the high side and the low side of the 
refrigeration system. The certification of test shall be signed by the installing contractor 
and shall be made part of the public record. 

3.11 CLEANUP 

A. Upon completion of the work of this Section, remove all material, debris, and equipment 
associated with or used in the performance of this Work.  

 
END OF SECTION 


