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SECTION 230500 - COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Piping materials and installation instructions common to most piping systems. 
2. Sleeves. 
3. Escutcheons. 
4. Equipment installation requirements common to equipment sections. 
5. HVAC demolition. 
6. Supports and anchorages. 

1.2 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct 
chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and 
tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and 
mechanical equipment rooms. 

C. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  
Examples include above ceilings and chases. 

1.3 SUBMITTALS 

A. Welding certificates. 

1.4 QUALITY ASSURANCE 

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code--Steel." 

B. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics may be furnished 
provided such proposed equipment is approved in writing and connecting electrical services, circuit breakers, and 
conduit sizes are appropriately modified.  If minimum energy ratings or efficiencies are specified, equipment shall 
comply with requirements. 

PART 2 - PRODUCTS 

2.1 JOINING MATERIALS 

A. Solvent Cements for Joining Plastic Piping: 

1. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

2.2 ESCUTCHEONS 

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around pipe, tube, 
and insulation of insulated piping and an OD that completely covers opening. 

B. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw. 

1. Finish:  Polished chrome-plated. 
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2.3 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and 
recommended for interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 HVAC DEMOLITION 

A. Disconnect, demolish, and remove HVAC systems, equipment, and components indicated to be removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug remaining piping 
with same or compatible piping material. 

2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or compatible piping 
material. 

3. Ducts to Be Removed:  Remove portion of ducts indicated to be removed and plug remaining ducts with 
same or compatible ductwork material. 

4. Ducts to Be Abandoned in Place:  Cap or plug ducts with same or compatible ductwork material. 
5. Equipment to Be Removed:  Disconnect and cap services and remove equipment. 
6. Equipment to Be Removed and Reinstalled:  Disconnect and cap services and remove, clean, and store 

equipment; when appropriate, reinstall, reconnect, and make equipment operational. 
7. Equipment to Be Removed and Salvaged:  Disconnect and cap services and remove equipment and deliver 

to Owner. 

B. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove damaged or 
unserviceable portions and replace with new products of equal capacity and quality. 

3.2 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 

C. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according to the 
following: 

1. Comply with ASTM F 402, for safe-handling practice of cleaners, primers, and solvent cements. 
2. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 
3. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket fittings according 

to ASTM D 2672.  Join other-than-schedule-number PVC pipe and socket fittings according to 
ASTM D 2855. 

4. PVC Nonpressure Piping:  Join according to ASTM D 2855. 

3.3 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to each piece of 
equipment. 

3.4 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and components in exposed 
interior spaces, unless otherwise indicated. 
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C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  Connect 
equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to 
accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.5 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and 
anchor HVAC materials and equipment. 
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END OF SECTION 230500 
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small and 
medium, squirrel-cage induction motors for use on ac power systems up to 600 V and installed at equipment 
manufacturer's factory or shipped separately by equipment manufacturer for field installation. 

1.2 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following: 

1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with requirements in this Section except when stricter requirements are specified in HVAC equipment 
schedules or Sections. 

B. Comply with NEMA MG 1 unless otherwise indicated. 

2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated 
speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate 
ratings or considering service factor. 

2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Energy efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 
2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Rotor:  Random-wound, squirrel cage. 

F. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

G. Temperature Rise:  Match insulation rating. 

H. Insulation:  Class F. 

I. Code Letter Designation: 
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1. Motors 15HP and Larger:  NEMA starting Code F or Code G. 
2. Motors Smaller than 15HP:  Manufacturer's standard starting characteristic. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features coordinated with and 
approved by controller manufacturer. 

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist 
transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor 
application: 

1. Permanent-split capacitor. 

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when winding 
temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-protection device 
shall automatically reset when motor temperature returns to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 
Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Samples:  For color, letter style, and graphic representation required for each identification material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices 
are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Vinyl Equipment Labels: 

1. Provide 4” black vinyl lettering. 
2. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, 
oil, grease, release agents, and incompatible primers, paints, and encapsulates. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 
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END OF SECTION 230533 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes TAB to produce design objectives for the following: 

1. Air Systems: 

a. Constant-volume air systems. 

2. HVAC equipment quantitative-performance settings. 
3. Verifying that automatic control devices are functioning properly. 
4. Reporting results of activities and procedures specified in this Section. 

1.2 SUBMITTALS 

A. Strategies and Procedures Plan:  Within 30 days from Contractor's Notice to Proceed, submit 4 copies of TAB 
strategies and step-by-step procedures as specified in Part 3 "Preparation" Article.  Include a complete set of report 
forms intended for use on this Project. 

B. Certified TAB Reports:  Submit two copies of reports prepared, as specified in this Section, on approved forms 
certified by TAB firm. 

C. Warranties specified in this Section. 

1.3 QUALITY ASSURANCE 

A. TAB Firm Qualifications:  Engage a TAB firm certified by AABC, NEBB or TABB. 

B. Certification of TAB Reports:  Certify TAB field data reports.  This certification includes the following: 

1. Review field data reports to validate accuracy of data and to prepare certified TAB reports. 
2. Certify that TAB team complied with approved TAB plan and the procedures specified and referenced in this 

Specification. 

C. TAB Report Forms:  Use standard forms from SMACNA's TABB "HVAC Systems - Testing, Adjusting, and 
Balancing." 

1.4 PROJECT CONDITIONS 

A. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial Completion.  
Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations. 

1.5 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC controls 
installers, and other mechanics to operate HVAC systems and equipment to support and assist TAB activities. 

B. Perform TAB after leakage and pressure tests on air and water distribution systems have been satisfactorily 
completed. 

1.6 WARRANTY 

A. National Project Performance Guarantee:  Provide a guarantee on AABC's "National Standards for Testing and 
Balancing Heating, Ventilating, and Air Conditioning Systems" forms stating that AABC will assist in completing 
requirements of the Contract Documents if TAB firm fails to comply with the Contract Documents.  Guarantee 
includes the following provisions: 
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1. The certified TAB firm has tested and balanced systems according to the Contract Documents. 
2. Systems are balanced to optimum performance capabilities within design and installation limits. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in 
systems' designs that may preclude proper TAB of systems and equipment. 

1. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, 
balancing valves and fittings, and manual volume dampers, are required by the Contract Documents.  Verify 
that quantities and locations of these balancing devices are accessible and appropriate for effective 
balancing and for efficient system and equipment operation. 

B. Examine approved submittal data of HVAC systems and equipment. 

C. Examine equipment performance data including fan and pump curves.  Relate performance data to Project 
conditions and requirements, including system effects that can create undesired or unpredicted conditions that 
cause reduced capacities in all or part of a system.   

D. Examine system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, 
and commissioning specified in individual Sections have been performed. 

E. Examine system and equipment test reports. 

F. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test ports, 
gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, 
are properly installed, and that their locations are accessible and appropriate for effective balancing and for efficient 
system and equipment operation. 

G. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing. 

H. Examine HVAC equipment to ensure that clean filters have been installed, bearings are greased, belts are aligned 
and tight, and equipment with functioning controls is ready for operation. 

I. Examine terminal units, such as variable-air-volume boxes, to verify that they are accessible and their controls are 
connected and functioning. 

J. Examine plenum ceilings used for return air to verify that they are airtight.  Verify that pipe penetrations and other 
holes are sealed. 

K. Examine heat-transfer coils for clean and straight fins. 

L. Examine equipment for installation and for properly operating safety interlocks and controls. 

M. Examine automatic temperature system components to verify the following: 

1. Dampers, valves, and other controlled devices are operated by the intended controller. 
2. Dampers and valves are in the position indicated by the controller. 
3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and fully open 

positions.  This includes dampers in mixing boxes, and variable-air-volume terminals. 
4. Automatic modulating and shutoff valves, including two-way valves and three-way mixing and diverting 

valves, are properly connected. 
5. Thermostats, humidistats and CO2 sensors are located to avoid adverse effects of sunlight, drafts, and cold 

walls. 
6. Sensors are located to sense only the intended conditions. 
7. Sequence of operation for control modes is according to the Contract Documents. 
8. Controller set points are set at indicated values. 
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9. Interlocked systems are operating. 
10. Changeover from heating to cooling mode occurs according to indicated values. 

N. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system 
reactions to changes in conditions.  Record default set points if different from indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system readiness checks and prepare system readiness reports.  Verify the following: 

1. Permanent electrical power wiring is complete.. 
2. Automatic temperature-control systems are operational. 
3. Equipment and duct access doors are securely closed. 
4. Balance, smoke, and fire dampers are open. 
5. Isolating and balancing valves are open and control valves are operational. 
6. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing 

devices is provided. 
7. Windows and doors can be closed so indicated conditions for system operations can be met. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures contained in SMACNA's 
TABB "HVAC Systems - Testing, Adjusting, and Balancing" and this Section. 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary 
to allow adequate performance of procedures.  After testing and balancing, close probe holes and patch insulation 
with new materials identical to those removed.  Restore vapor barrier and finish according to insulation 
Specifications for this Project. 

C. Mark equipment and balancing device settings with paint or other suitable, permanent identification material, 
including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and 
devices, to show final settings. 

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended testing 
procedures.  Crosscheck the summation of required outlet volumes with required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct airflow measurements. 

E. Check airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air dampers, through 
the supply-fan discharge and mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. Check for proper sealing of air-handling unit components. 
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L. Check for proper sealing of air duct system. 

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer. 

1. Measure fan static pressures to determine actual static pressure as follows: 

a. Measure outlet static pressure as far downstream from the fan as practicable and upstream from 
restrictions in ducts such as elbows and transitions. 

b. Measure static pressure directly at the fan outlet or through the flexible connection. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, upstream 

from flexible connection and downstream from duct restrictions. 
d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that houses the fan. 

2. Measure static pressure across each component that makes up an air-handling unit, rooftop unit, and other 
air-handling and -treating equipment. 

a. Simulate dirty filter operation and record the point at which maintenance personnel must change 
filters. 

3. Measure static pressures entering and leaving other devices such as sound traps, heat recovery equipment, 
and air washers, under final balanced conditions. 

4. Compare design data with installed conditions to determine variations in design static pressures versus 
actual static pressures.  Compare actual system effect factors with calculated system effect factors to identify 
where variations occur.  Recommend corrective action to align design and actual conditions. 

5. Obtain approval from Architect for adjustment of fan speed higher or lower than indicated speed.  Make 
required adjustments to pulley sizes, motor sizes, and electrical connections to accommodate fan-speed 
changes. 

6. Do not make fan-speed adjustments that result in motor overload.  Consult equipment manufacturers about 
fan-speed safety factors.  Modulate dampers and measure fan-motor amperage to ensure that no overload 
will occur.  Measure amperage in full cooling, full heating, economizer, and any other operating modes to 
determine the maximum required brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within specified 
tolerances. 

1. Measure static pressure at a point downstream from the balancing damper and adjust volume dampers until 
the proper static pressure is achieved. 

a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for that 
zone. 

2. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust submain and 
branch ducts to indicated airflows within specified tolerances. 

C. Measure terminal outlets and inlets without making adjustments. 

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written instructions and 
calculating factors. 

D. Adjust terminal outlets and inlets for each space to indicated airflows within specified tolerances of indicated values.  
Make adjustments using volume dampers rather than extractors and the dampers at air terminals. 

1. Adjust each outlet in same room or space to within specified tolerances of indicated quantities without 
generating noise levels above the limitations prescribed by the Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 
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3.6 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 

1. Manufacturer, model, and serial numbers. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

3.7 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Refrigerant Coils:  Measure the following data for each coil: 

1. Dry-bulb temperature of entering and leaving air. 
2. Airflow. 
3. Air pressure drop. 
4. Refrigerant suction pressure and temperature. 

3.8 PROCEDURES FOR TEMPERATURE MEASUREMENTS 

A. During TAB, report the need for adjustment in temperature regulation within the automatic temperature-control 
system. 

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive eight-hour days, in 
each separately controlled zone, to prove correctness of final temperature settings.  Measure when the building or 
zone is occupied. 

C. Measure outside-air, wet- and dry-bulb temperatures. 

3.9 TEMPERATURE-CONTROL VERIFICATION 

A. Verify that controllers are calibrated and commissioned. 

B. Check transmitter and controller locations and note conditions that would adversely affect control functions. 

C. Record controller settings and note variances between set points and actual measurements. 

D. Check the operation of limiting controllers (i.e., high- and low-temperature controllers). 

E. Check free travel and proper operation of control devices such as damper and valve operators. 

F. Check the sequence of operation of control devices.  Note air pressures and device positions and correlate with 
airflow and water flow measurements.  Note the speed of response to input changes. 

G. Check the interaction of electrically operated switch transducers. 

H. Check the interaction of interlock and lockout systems. 

I. Record voltages of power supply and controller output.  Determine whether the system operates on a grounded or 
non-grounded power supply. 

J. Note operation of electric actuators using spring return for proper fail-safe operations. 

3.10 TOLERANCES 

A. Set HVAC system airflow and water flow rates within the following tolerances: 
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1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus 5 to plus 10 percent. 
2. Air Outlets and Inlets:  0 to minus 10 percent. 

3.11 FINAL REPORT 

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in three-ring binder, 
tabulated and divided into sections by tested and balanced systems. 

B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing engineer. 

1. Include a list of instruments used for procedures, along with proof of calibration. 

C. Final Report Contents:  In addition to certified field report data, include the following: 

 
1. Fan curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance, but do not include Shop Drawings and Product Data. 

D. General Report Data:  In addition to form titles and entries, include the following data in the final report, as 
applicable: 

1. Title page. 
2. Name and address of TAB firm. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB firm who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report.  Number each page 

in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer, type size, and fittings. 
14. Notes to explain why certain final data in the body of reports varies from indicated values. 
15. Test conditions for fans and pump performance forms including the following: 

a. Settings for outside-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum pitch diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

END OF SECTION 230593 
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SECTION 230700 - HVAC INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Insulation Materials: 

a. Mineral fiber. 

2. Insulating cements. 
3. Adhesives. 
4. Mastics. 
5. Sealants. 
6. Factory-applied jackets. 
7. Tapes. 
8. Securements. 
9. Corner angles. 

B. Related Sections: 

1. Division 23 Section "Metal Ducts" for duct liners. 

1.2 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: 

1. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and 
hanger. 

2. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation. 
3. Detail removable insulation at piping specialties, equipment connections, and access panels. 
4. Detail application at linkages of control devices. 

C. Field quality-control reports. 

1.3 QUALITY ASSURANCE 

A. Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-test-response characteristics 
indicated, as determined by testing identical products per ASTM E 84, by a testing and inspecting agency 
acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, 
tapes, and cement material containers, with appropriate markings of applicable testing and inspecting agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed index of 150 or less. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in Part 3 schedule articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
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C. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with 
ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket.  Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 
e. Owens Corning; All-Service Duct Wrap. 

D. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with 
ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide insulation with factory-applied ASJ.  
For equipment applications, provide insulation with factory-applied ASJ.  Factory-applied jacket requirements are 
specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; Commercial Board. 
b. Johns Manville; 800 Series Spin-Glas. 
c. Knauf Insulation; Insulation Board. 
d. Owens Corning; Fiberglas 700 Series. 

E. Semi-Rigid Large Diameter Pipe & Tank Fiberglass Wrap Insulation: 2.5 pcf density high temperature, semi-rigid 
fiberglass blanket bonded to a flexible All Purpose (AP) facing.  

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself 
and to surfaces to be insulated, unless otherwise indicated. 

B. ASJ Adhesive, and FSK:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and 
joints. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-C-19565C, Type II. 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below ambient services. 

1. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film thickness. 
2. Service Temperature Range:  Minus 20 to plus 180 deg F. 
3. Solids Content:  ASTM D 1644, 59 percent by volume and 71 percent by weight. 
4. Color:  White. 

2.4 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets 
are indicated, comply with the following: 

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with 
ASTM C 1136, Type I. 

2. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with 
ASTM C 1136, Type II. 
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2.5 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with 
ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835. 
b. Compac Corp.; 104 and 105. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with 
ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
b. Compac Corp.; 110 and 111. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK. 
d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 
8. Width:  2 inches. 
9. Thickness:  6 mils. 
10. Adhesion:  64 ounces force/inch in width. 
11. Elongation:  500 percent. 
12. Tensile Strength:  18 lbf/inch in width. 

C. Insulation Pins and Hangers: 

1. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for 
capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth of insulation indicated with 
integral 1-1/2-inch galvanized carbon-steel washer. 

D. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel. 

2.6 CORNER ANGLES 

A. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 
3005, 3105 or 5005; Temper H-14. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect 
insulation application. 
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B. Coordinate insulation installation with the trade installing heat tracing.  Comply with requirements for heat tracing 
that apply to insulation. 

C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel 
surfaces, use demineralized water. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids 
throughout the length of equipment, ducts and fittings, and piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of 
equipment, duct system, and pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not 
corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended 
by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, 
and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of 

attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to 
structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with 
adhesive or sealing compound recommended by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, arranged to 
protect jacket from tear or puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film 
thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation jacket.  Secure strips with 

adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c. 
3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with longitudinal seams at bottom 

of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along 
edge at 4 inches o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape as recommended by insulation material manufacturer to maintain vapor 
seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to 
duct and pipe flanges and fittings. 
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M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal 
movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 
4 inches beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints. 

P. For above ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.3 PENETRATIONS 

A. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal with joint 

sealant.  For applications requiring indoor and outdoor insulation, install insulation for outdoor applications 
tightly joined to indoor insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 2 inches. 
4. Seal jacket to wall flashing with flashing sealant. 

B. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation 
continuously through walls and partitions. 

C. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through 
penetrations of fire-rated walls and partitions.  Terminate insulation at fire damper sleeves for fire-rated wall and 
partition penetrations.  Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation 
at least 2 inches. 

1. Comply with requirements in Division 07 Section "Penetration Firestopping" Firestopping and fire-resistive 
joint sealers. 

3.4 MINERAL-FIBER INSULATION INSTALLATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent 
coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld 

pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct.  
Space 3 inches maximum from insulation end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each way, and 3 
inches maximum from insulation joints.  Install additional pins to hold insulation tightly against surface 
at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums. 
d. Do not overcompress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  

Cover exposed pins and washers with tape matching insulation facing. 
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4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor 
barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from 
1 edge and 1 end of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch outward-
clinching staples, 1 inch o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, 
vapor-barrier mastic, and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals.  Vapor 

stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along 
butt end of insulation, and over the surface.  Cover insulation face and surface to be insulated a width 
equal to 2 times the insulation thickness but not less than 3 inches. 

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  At end joints, secure 
with steel bands spaced a maximum of 18 inches o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  
Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- wide strips 
of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins 
spaced 6 inches o.c. 

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent 
coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld 

pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct.  
Space 3 inches maximum from insulation end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each way, and 3 
inches maximum from insulation joints.  Install additional pins to hold insulation tightly against surface 
at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums. 
d. Do not overcompress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  

Cover exposed pins and washers with tape matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor 
barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from 
1 edge and 1 end of insulation segment.  Secure laps to adjacent insulation section with 1/2-inch outward-
clinching staples, 1 inch o.c.  Install vapor barrier consisting of factory- or field-applied jacket, adhesive, 
vapor-barrier mastic, and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals.  Vapor 

stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along 
butt end of insulation, and over the surface.  Cover insulation face and surface to be insulated a width 
equal to 2 times the insulation thickness but not less than 3 inches. 

5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  
Groove and score insulation to fit as closely as possible to outside and inside radius of elbows.  Install 
insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- wide strips 
of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins 
spaced 6 inches o.c. 

C. Semi-Rigid Large Diameter Pipe & Tank Fiberglass Wrap Insulation 

1. Determine the circumference of the duct being insulated (add twice the thickness of the insulation being 
used to the circumference) and add 2 to 4 inches for lap seam. Remove 2 to 4 inches of fiberglass to provide 
for the lap. Staple lap seams with outward-clinching staples at a maximum of 4 inches on center. Staples 
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shall be coated with vapor retarder mastic.  All longitudinal and circumferential joints should be sealed with 
4 inch wide pressure-sensitive tape. Provide banding as required. 

 

3.5 FINISHES 

A. Duct and Equipment Insulation with ASJ or Other Paintable Jacket Material:  Paint jacket with paint system identified 
below and as specified in Division 09 painting Sections. 

1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible with jacket material and finish coat 
paint.  Add fungicidal agent to render fabric mildew proof. 

a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed 
Work. 

C. Do not field paint aluminum or stainless-steel jackets. 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with 
requirements. 

3.7 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 

1. Indoor, concealed supply, return, outdoor/ventilation and exhaust air. 
2. Indoor, concealed exhaust between isolation damper and penetration of building exterior. 
3. Indoor, exposed exhaust between isolation damper and penetration of building exterior. 

B. Items Not Insulated: 

1. Metal ducts with duct liner of sufficient thickness to comply with energy code and ASHRAE/IESNA 90.1. 
2. Factory-insulated flexible ducts. 
3. Factory-insulated plenums and casings. 
4. Flexible connectors. 
5. Vibration-control devices. 
6. Factory-insulated access panels and doors. 

3.8 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, Supply and Return Air Duct and Plenum Insulation (Round or Rectangular):  Mineral-fiber blanket, 1-
1/2 inches thick and 1-lb/cu. ft. nominal density. 

B. Concealed, Exhaust-Air Duct and Plenum Insulation (Round or Rectangular):  Mineral-fiber blanket, 1-1/2 inches 
thick and 1-lb/cu. ft. nominal density. 

C. Exposed, Exhaust-Air Duct and Plenum Insulation (Rectangular):  Mineral-fiber board, 1-1/2 inches thick and 3-
lb/cu. ft. nominal density. 

D. Exposed, Supply Air and Return Air Duct in Back Room (Rectangular): Mineral-fiber board, 1-1/2 inches thick and 
3-lb/cu. ft. nominal density. 

E. Exposed, Supply Air and Return Air Duct in Back Room (Round): Semi-rigid fiberglass blanket, 1-1/2 inches thick 
and 2.5-lb/cu. ft. nominal density.  
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END OF SECTION 230700 
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. An energy management system is being provided by Siemens Industries, Inc. under separate contract with the 
Owner.  Contact Siemens Project Manager. Telephone (512) 803-3169.  The EMS shall be installed by the 
Refrigeration Contractor and the Mechanical Contractor shall coordinate scope of work and scheduling with the Aldi 
Project Manager, Siemens and Refrigeration Contractor. 

B. This Section includes control equipment for HVAC systems and components, including control components for 
terminal heating and cooling units not supplied with factory-wired controls. 

C. See Division 23 Section "Sequence of Operations for HVAC Controls" for requirements that relate to this Section. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify location of thermostats, humidistats, and other exposed control sensors with Drawings and room details 
before installation. 

B. Install automatic dampers according to Division 23 Section "Air Duct Accessories." 

C. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor temperatures. 

D. Install labels and nameplates to identify control components according to Division 23 Section "Identification for 
HVAC Piping and Equipment." 

E. Install duct volume-control dampers according to Division 23 Sections specifying air ducts. 
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SECTION 230993 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 

PART 1 - GENERAL  

 
1.1   SUMMARY  
 

A. The building automatic control system shall be provided and installed by Siemens Industries, Inc. and shall be con-
nected to the CES unit controller for communication of time schedules and set points.   

 
PART 2 – PRODUCTS  
 
2.1   THERMOSTATS, SENSORS, & CONTROLLERS 
 

A. All HVAC controls will be handled by the CES unit controller located in the CES unit with set points and time sched-
ules provided by the Siemens building controller. 

 
PART 3 – EXECUTION 
 
3.1   EXHAUST FAN CONTROLS 
 

A. Toilet/utility exhaust fan (EF-2) shall be controlled by SIEMENS building management system.  The exhaust fans 
shall be on the same occupancy schedule as the Sales Floor lighting.  The exhaust fans shall run during “occupied” 
mode and shall be off in “unoccupied” mode. 

 
B. Break room exhaust fan (EF-1) shall be controlled with a manual wall switch. 

 
  

3.2   ROOFTOP UNIT SEQUENCE OF OPERATION (CES RTU-1) 
 

A. MODES OF OPERATION (SCHEDULE)  
 
There are two modes of occupancy which follow the Time Schedules: OCCUPIED and UNOCCUPIED.  
OCCUPIED defines those hours that the supermarket is active (day), and UNOCCUPIED defines those hours that the 
supermarket is inactive (night). When connected to the SIEMENS building management system, the occupancy signal 
will be sent to the CES unit controller over Modbus. The CES unit controller arrives with the Aldi default Time Schedule 
in the case of stand-alone operation.  
 
B. FAN STRATEGY  
 
The Aldi-CES Multi-Path Unit is supplied with a variable frequency drive (VFD). The fan operates based upon a two-
speed demand; thus, the strategy imitates a two-speed fan design. The difference is that the fan motor continually 
coasts; therefore, the motor is never stopped. Throughout the OCCUPIED mode of operation, the fan runs at its 100% 
setting. The setting is defined as the VFD hertz setting that is inputted at unit start-up and/or air balancing. Throughout 
UNOCCUPIED mode, the fan motor ramps down (coasts to) 50% of its 100% setting. The maximum possible setting for 
the fan motor is 100%, and its minimum position setting is 34%.  
 
UNOCCUPIED FAN STRATEGY  
 
Throughout UNOCCUPIED mode, the fan motor coasts at 50% of its maximum setting. The fan motor will immediately 
ramp to 100% if:  
 

1. A heat reclaim demand exists,  
 
2. A heat demand exists (either electric or natural gas), and  
 
3. A dehumidification demand has existed for more than 30 minutes.  

 
AIRFLOW STRATEGY (TIED TO EMERGENCY SHUTDOWN)  
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There are two airflow switches installed in every Aldi-CES Multi-Path Unit:  
 

1. Digital Airflow Switch (dry contact), and  
 
2. Mechanical Airflow Switch (verified and set at start-up).  

 
If the CES Unit controller demands for the fan, it verifies the response by closure of the digital airflow switch. If the fan 
demand exists and there is no response from the fan, the CES controller will attempt to start the fan 10 times. After 10 
failed attempts, the CES controller will lock the program and alarm a "fail fan." The fan failing is tied into the 
EMERGENCY SHUTDOWN in the control program.  
 
 
C. REMOTE SMOKE DETECTOR (DRY CONTACT)  

Contact closure of the remote smoke detector, located in the ventilation duct, allows the CES unit to function. The con-
tact of this closure is considered crucial, and it is inputted as an EMERGENCY CES UNIT SHUTDOWN. Upon this con-
tact opening, the unit will shut down within 15 seconds. The unit will remain in idle until the contact closes. The CES unit 
will alarm on "emergency shutdown." If this contact is open, the CES Multi-Path Unit will not operate.  
 
D. GLOBAL DATA: HVAC EMERGENCY SHUTDOWN (INTERNAL)  

Global inputted data of the controller. If problem occurs, the CES Multi-Path Unit will shut down and alarm "emergency 
shutdown."  
 
E. CLOGGED FILTER SWITCH (DRY CONTACT)  

The clogged filter switch is set at start-up of the CES Multi-Path Unit. Upon closure of this contact, the CES unit and the 
SIEMENS application will alarm "dirty filter."  
 
F. DAMPER STRATEGY & CONTROL  

Due to the Multi-Path design, there are three independent dampers:  
 

1. OAD (outdoor air),  
 
2. RAD (return air), and  
 
3. BAD (bypass air).  

 
The OAD has the following strategies:  
 
• Time Schedule change from UNOCCUPIED to OCCUPIED induces a slow open damper. The damper opens in 

1/8% increments to full OCCUPIED positioning over a 40 minute period.  
 
• Occupied OAD opening with no demand: 23%  
 
• Occupied OAD opening with dehumidification demand: 20%  
 
• Occupied OAD opening with heating demand: 23%  
 
• Occupied OAD opening with CO2 demand: 38% (15% increment increase)  
 
• Unoccupied OAD opening: 0%  
 
• Unoccupied OAD opening with CO2 demand: 15%  
 
 
The RAD has the following strategies:  
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• Occupied RAD opening with no demand: 80%  
 
• Occupied RAD opening with dehumidification demand: % continually changing from 40-80% 
 
• Occupied RAD opening with heating demand: 80%  
 
• Occupied RAD opening with CO2 demand: depends on current demand  
 
• Unoccupied RAD opening: 100%  
 
• Unoccupied RAD opening with CO2 demand: 100%  
 
The BAD has the following strategies:  
 
• Dehumidification demand: % continually changing from 0-100% 
 
• Cooling demand: 0%  

 
• Heating or no demand: 100%  
 
 
CO2 STRATEGY (TIED TO OAD)  
Target: 750 PPM  

1. CO2 > 750 PPM & CO2 < 1000PPM = Increase OAD increment by 0 - 15% 
2. CO2 > 1000 PPM = Increase OAD by 15% 
 

G. REFRIGERATION CONTROL (ENHANCED SUCTION GROUP)  
 
Compressor 1 = Copeland Digital Scroll, 15% - 100% Modulation Capacity (1-5VDC)  
Compressor 2 = Copeland Scroll, On/Off (24VAC)  
Control Strategy: Tightest & variation of on/off control based upon demand/set point  
 
DEHUMIDIFICATION  
Enable based upon space dew point  
(OCCUPIED) Space dew point > 48.2˚F = DEHUMIDIFICATION ENABLE  
(OCCUPIED) Space dew point < 47.4˚F = DEHUMIDIFICATION DISABLE  
(UNOCCUPIED) Space dew point > 50.0˚F = DEHUMIDIFICATION ENABLE  
(UNOCCUPIED) Space dew point < 49.2˚F = DEHUMIDIFICATION ENABLE  
 
Desired maintenance set point = 50.2˚F  
When the dehumidification is made active, the suction pressure set point is set via the space dew point. This implies that 
the suction pressure set point floats continually based upon the actual space dew point. This controls the DX Coil SHR 
(sensible heat ratio), as a dew point further from the desired maintenance set point will yield a colder coil; similarly, a 
space dew point nearer to the desired maintenance set point will yield a warmer coil. This produces the operating enve-
lope of the compressor in question when in relation to the desired maintenance set point.  
 
When space dew point is between 48.2˚F - 50.2˚F, the suction pressure set point will float between 128 PSIG – 107 
PSIG (44˚F SST - 35˚F SST).  The highest possible suction pressure is achieved based on the current needs of the 
space.  This ensures that the compressors are only operated as necessary, and thus minimizes the compressor kilowatt 
consumption. 
 
When space dew point is at 50.2˚F, the suction pressure set point is 107 PSIG.  
107 PSIG = 35˚F SST  

1. Therefore, the saturated suction temperature is 35˚F when the space dew point is closest to the desired 
maintenance set point. 

 
H. COOLING  
 
Enable based upon space temperature  
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(OCCUPIED) Space temperature > 74.5˚F = COOL ENABLE  
(OCCUPIED) Space temperature < 73.5˚F = COOL DISABLE  
(UNOCCUPIED) Space temperature > 75.5˚F = COOL ENABLE  
(UNOCCUPIED) Space temperature < 74.5˚F = COOL ENABLE  
 
It is important to note that the dehumidification demand takes priority.  
The cooling strategy is based upon the space temperature.  The cooling strategy is activated once the space tempera-
ture rises above the cooling set point and no dehumidification demand exists.  The suction pressure set point is deter-
mined similarly to the dehumidification set point except in a higher range (typically 128 – 153 psi). The high end of the 
range (153psi) is activated at 0.5 ˚F above the cooling set point and the low end (128psi) is reached at 2.0 ˚F above the 
cooling set point. The suction pressure set point is determined by space temperature behavior similar to how dew point 
behavior determines the dehumidification suction pressure set point. 
 
REFRIGERATION SAFETIES  
All typical safeties are applicable to all Aldi-CES Multi-Path Units: low suction pressure cut-out at 60PSIG, high suction 
pressure cut-out at 200PSIG throughout dehumidification, high discharge pressure cut-out at 600PSIG, pressure control 
cut-out if the suction pressure drops below 104 PSIG throughout cooling, pressure control cut-out if the suction pressure 
drops below 80 PSIG throughout dehumidification, phase loss cut-out, anti-short cycling timer, etc.  
 
I. Omitted 
 
J HEATING  

Heating is based solely upon space temperature.  
(OCCUPIED) Space temperature < 67.5˚F = Enable heat (either natural gas or electric)  
(OCCUPIED) Space temperature > 68.5˚F = Disable heat (either natural gas or electric) 
(UNOCCUPIED) Space temperature < 59.5˚F = Enable heat (either natural gas or electric)  
(UNOCCUPIED) Space temperature > 60.5˚F = Disable heat (either natural gas or electric)  
 
These set points can be changed to accommodate the desired space temperature control.  

There are four stages of heating for all Aldi-CES Multi-Path Units. The staging is based upon supply air temperature. The 
supply air temperature set point is 106˚F and can be modified to accommodate the desired space temperature control spe-
cific to the store design (location of the supply air temperature sensor, duct run, etc.).  The supply temperature set point will 
float between 80-106 ˚F based on current space and ambient conditions in an effort to prevent cold and hot air blasts during 
heating operation. 

 
HEATING SAFETIES  
All typical heating safeties are applicable to all Aldi-CES Multi-Path Units: high limit switches, roll back switches, pres-
sure differential switches, etc.  
 
K PHASE LOSS CONTROL  
 
All Aldi-CES Multi-Path Units are equipped with a phase and brown-out protector. Upon detection of a phase problem, 
the protector opens the secondary 24VAC circuit. This disables the control circuit of the CES Multi-Path Unit.  
 
L VFD SAFETY CIRCUIT  
 
All Aldi-CES Multi-Path Units will be circuited as described:  
 

1. If the line phasing and voltage are correct, the PBO relay will close. This allows the 24VAC to pass to the drive 
contact MC. It is important to note that the Transformer Relay (TR) is not energized at this point; therefore, the 
circuit is complete between the drive contacts SC (common) & S3. This indicates to the drive that there is an ex-
ternal mechanical error, as the circuit is complete between S3 & SC. The drive is programmed to “not enable 
when in RE command” if the circuit is complete between SC & S3.  

 
2. If the drive does not detect an error or fault, it closes the contact between MC& MB. The error/fault verification by 

the drive is completed internally, and it is unrelated to the contact status between SC & S3 and SC & S1. This 
contact closure completes the 24VAC circuit to the TR; consequently, TR becomes energized. When TR is ener-
gized, the normally closed (NC) contact opens. This opens the circuit between SC & S3, so the drive clears its 
fault that there is an external mechanical error. The drives awaits directive from the Emerson controller.  
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3. Relay Output # 1 (RO1) of the Emerson Multiflex board closes, and Relay 1 (R1) is energized and closes (the 

normally open contact changes state). When R1 closes, the circuit between drive contacts SC (common) & S1 is 
complete. This signifies to the drive that the fan can be enabled.  

 
4. Analog Output # 3 (AO3) of the Emerson Multiflex board provides the VDC signal to control the fan speed. In the 

Emerson program, the fan is at 100%, which is 10VDC, throughout occupied mode or at 50%, which is 5VDC, 
throughout unoccupied mode. The fan speed does not modulate for any reason. 100% fan speed is determined 
by setting the frequency of the drive. This is determined at the factory, but the frequency can be adjusted to either 
reduce or increase fan speed.  

 
3.3         Omitted 

 
3.4   ROOFTOP UNIT SEQUENCE OF OPERATION (RTU-2&3) 

 

A. Start and Stop Supply Fan: 

1. Initiate:  Occupied Time Schedule: 

a. Input Device:  DDC system time schedule. 
b. Output Device:  Binary output to RTU control interface. 
c. Action:  Energize supply fan, open outside air damper to minimum position as scheduled and monitor 

status. 

2. Initiate:  Unoccupied Time Schedule: 
 

d. Input Device:  DDC system demand. 
e. Output Device:  Binary output to RTU control interface. 
f. Action:  Energize fan supply fan on a call for heating or cooling in night setback.  Outside air damper 

shall remain closed. 

3. Space temperature control:  The space sensor which serves the RTU shall control heating & cooling 
operation of the RTU.  On space temperature above the cooling setpoint the RTU’s cooling system shall be 
enabled.  If the space temperature is below the heating setpoint the RTU’s packaged controller shall enable 
heat stages as required.  Both the heating and cooling setpoints shall have a minimum 2 Deg F deadband.  

4. Ventilation: RTU supply fan shall run continuously during the Occupied mode to provide adequate ventilation 
of the space.  When enabled the RTU shall modulate its outdoor air intake damper to the minimum position.   

 
3.5  Omitted 

 
 

3.6   FIRE AND SMOKE SAFETY CONTROL 
 

A. Unit supply air fan shall be shut down by fire and smoke safety controls according to applicable codes. 
 

B. Provide smoke detectors for all new RTUs according to local code, NFPA 90A and NFPA 72E. Smoke detectors 
shall be installed ahead (upstream) of first branch duct in supply duct and downstream of all branch ducts in return 
air duct.  Each detector shall be provided with audiovisual device according to referenced codes.  

 
C. Air duct smoke detector shall be system sensor Model DH100ACDCI series 4 wire, 120 V. Housing shall be UL 

listed per UL268A. Provide remote test station with key, RTS451KEY and remote annunciator, RA400Z. Mechanical 
contractor shall verify compatibility with fire alarm system being installed.  

 
D. Complete sequence of operation and program functions shall be submitted by the Contractor with the consultation 

of the HVAC equipment manufacturer for Owner’s maintenance files. Copy of manufacturer's typical catalog draw-
ings and specifications alone will not be acceptable. 
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 END OF SECTION 230993 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Rectangular ducts and fittings. 
2. Round ducts and fittings. 
3. Sheet metal materials. 
4. Sealants and gaskets. 
5. Hangers and supports. 

B. Related Sections: 

1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and balancing 
requirements for metal ducts. 

2. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-mounting access doors 
and panels, turning vanes, and flexible ducts. 

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint construction, 
reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible" and performance requirements and design criteria indicated. 

1. Static-Pressure Classes: 

a. Supply Ducts:  2-inch wg. 
b. Supply Ducts (Upstream from Air Terminal Units):  2-inch wg. 
c. Supply Ducts (Downstream from Air Terminal Units):  2-inch wg. 
d. Return Ducts (Negative Pressure):  2-inch wg. 
e. Exhaust Ducts (Negative Pressure):  2-inch wg. 

2. Leakage Class: SMACNA Seal Class - A 

a. Round Supply-Air Duct:  3 cfm/100 sq. ft. at 1-inch wg 
b. Rectangular Supply-Air Duct:  6 cfm/100 sq. ft. at 1-inch wg. 
c. Flexible Supply-Air Duct:  6 cfm/100 sq. ft. at 1-inch wg 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, elevations, sections, components, and attachments 
to other work. 

2. Factory- and shop-fabricated ducts and fittings. 
3. Duct layout indicating sizes, configuration, and static-pressure classes. 
4. Elevation of top of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and access doors and panels. 
12. Hangers and supports, including methods for duct and building attachment and vibration isolation. 
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C. Delegated-Design Submittal: 

1. Sheet metal thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Materials, fabrication, assembly, and spacing of hangers and supports. 

D. Welding certificates. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 

PART 2 - PRODUCTS 

2.1 RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" based on indicated static-pressure class unless otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular Ducts," for static-pressure class, applicable 
sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types and fabricate 
according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 2, "Fittings and Other 
Construction," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, 
and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.2 ROUND DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise 
indicated. 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that 
may be incorporated into the Work include, but are not limited to, the following: 

a. Lindab Inc. 
b. McGill AirFlow LLC. 
c. SEMCO Incorporated. 
d. Sheet Metal Connectors, Inc. 
e. Spiral Manufacturing Co., Inc. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter:  Flanged. 
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C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible," Figure 3-1, "Seams - Round Duct and Fittings," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

D. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical Tees," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible." 

2.3 SHEET METAL MATERIALS 

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" 
for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet 
metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90. 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized. 

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter 
for lengths longer than 36 inches. 

2.4 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and gaskets shall be a 
maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to 
UL 723; certified by an NRTL. 

B. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or aluminum 

sheets. 

C. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 

D. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

2.5 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-
1, "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct." 



ALDI Retail Facility 
 

METAL DUCTS  233113 - 4 
Prototype Project Manual Date: 04/24/25 

C. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 

D. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct 
hanger service; with an automatic-locking and clamping device. 

E. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials. 

F. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system.  Indicated 
duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling 
equipment sizing and for other design considerations.  Install duct systems as indicated unless deviations to layout 
are approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise 
indicated. 

C. Install round ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements 
of building. 

H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the 
opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the 
duct.  Overlap openings on four sides by at least 1-1/2 inches. 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  Comply with 
requirements in Division 23 Section "Air Duct Accessories" for fire and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. 

3.2 SEAM AND JOINT SEALING 

A. Seal duct seams and joints for duct static-pressure and leakage classes specified in "Performance Requirements" 
Article, according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 1-2, "Standard 
Duct Sealing Requirements," unless otherwise indicated. 

B. Seal Classes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 1-2, 
"Standard Duct Sealing Requirements." 

3.3 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Hangers and 
Supports." 
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B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for 
construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more than 4 

inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less than 4 

inches thick. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-1, 
"Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct," for maximum 
hanger spacing; install hangers and supports within 24 inches of each elbow and within 48 inches of each branch 
intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal 
screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet. 

F. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, and shear 
capacities appropriate for supported loads and building materials where used. 

3.4 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel. 

B. Intermediate Reinforcement: 

1. Galvanized-Steel Ducts:  Galvanized steel. 

C. Elbow Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Figure 2-2, "Rectangular Elbows." 

a. Velocity 1000 fpm or Lower: 

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio. 
2) Mitered Type RE 4 without vanes. 

b. Velocity 1000 to 1500 fpm: 

1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, 
"Vane Support in Elbows." 

c. Velocity 1500 fpm or Higher: 

1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, 
"Vane Support in Elbows." 

2. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-
3, "Round Duct Elbows." 
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a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Table 3-1, "Mitered Elbows."  Elbows with less than 
90-degree change of direction have proportionately fewer segments. 

1) Velocity 1000 fpm or Lower:  0.5 radius-to-diameter ratio and three segments for 90-degree 
elbow. 

2) Velocity 1000 to 1500 fpm:  1.0 radius-to-diameter ratio and four segments for 90-degree 
elbow. 

3) Velocity 1500 fpm or Higher:  1.5 radius-to-diameter ratio and five segments for 90-degree 
elbow. 

b. Round Elbows, 12i Inches and Smaller in Diameter:  Stamped or pleated. 
c. Round Elbows, 14 Inches and Larger in Diameter:  Standing seam. 

D. Branch Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Figure 2-6, "Branch Connections." 

a. Rectangular Main to Rectangular Branch:  45-degree entry. 
b. Rectangular Main to Round Branch:  Spin in. 

2. Round:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "90 
Degree Tees and Laterals," and Figure 3-5, "Conical Tees."   

a. Velocity 1000 fpm or Lower:  90-degree tap. 
b. Velocity 1000 to 1500 fpm:  Conical tap. 
c. Velocity 1500 fpm or Higher:  45-degree lateral. 

END OF SECTION 233113 
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SECTION 233300 - AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Manual volume dampers. 
2. Control dampers. 
3. Fire dampers. 
4. Turning vanes. 
5. Duct-mounted access doors. 
6. Flexible ducts. 
7. Flexible connectors 
8. Duct accessory hardware. 

1.2 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details and attachments to other work. 

1. Detail duct accessories fabrication and installation in ducts and other construction.  Include dimensions, 
weights, loads, and required clearances; and method of field assembly into duct systems and other 
construction.  Include the following: 

a. Special fittings. 
b. Manual volume damper installations. 
c. Control damper installations. 
d. Fire-damper and smoke-damper installations, including sleeves; and duct-mounted access doors. 
e. Wiring Diagrams:  For power, signal, and control wiring. 

C. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation 
of Warm Air Heating and Air Conditioning Systems." 

B. Comply with AMCA 500-D testing for damper rating. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, 
material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be 
free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90. 
2. Exposed-Surface Finish:  Mill phosphatized. 

C. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal 
ducts; compatible materials for aluminum and stainless-steel ducts. 
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D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter 
for lengths longer than 36 inches. 

2.2 MANUAL VOLUME DAMPERS 

A. Standard, Steel, Manual Volume Dampers: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

a. Air Balance Inc.; a division of Mestek, Inc. 
b. American Warming and Ventilating; a division of Mestek, Inc. 
c. METALAIRE, Inc. 
d. Ruskin Company. 

2. Standard leakage rating. 
3. Suitable for horizontal or vertical applications. 
4. Frames: 

a. Hat-shaped, galvanized-steel channels, 0.064-inch minimum thickness. 
b. Mitered and welded corners. 
c. Flanges for attaching to walls and flangeless frames for installing in ducts. 

5. Blades: 

a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. Galvanized-steel, 0.064 inch thick. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a. Oil-impregnated bronze. 
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper 

blades and bearings at both ends of operating shaft. 

8. Tie Bars and Brackets:  Galvanized steel. 

B. Jackshaft: 

1. Size:  1-inch diameter. 
2. Material:  Galvanized-steel pipe rotating within pipe-bearing assembly mounted on supports at each mullion 

and at each end of multiple-damper assemblies. 
3. Length and Number of Mountings:  As required to connect linkage of each damper in multiple-damper 

assembly. 

C. Damper Hardware: 

1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel, and a 3/4-inch 
hexagon locking nut. 

2. Include center hole to suit damper operating-rod size. 
3. Include elevated platform for insulated duct mounting. 

2.3 CONTROL DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. American Warming and Ventilating; a division of Mestek, Inc. 
2. Arrow United Industries; a division of Mestek, Inc. 
3. Greenheck Fan Corporation. 
4. METALAIRE, Inc. 
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5. Ruskin Company. 

B. Frames: 

1. U shaped. 
2. Galvanized-steel channels, 0.064 inch thick. 
3. Mitered and welded corners. 

C. Blades: 

1. Multiple blade with maximum blade width of 8 inches. 
2. Parrallel-blade design. 
3. Galvanized steel. 
4. 0.064 inch thick. 

5. Blade Edging:  Closed-cell neoprene edging. 
6. Blade Edging:  Inflatable seal blade edging, or replaceable rubber seals. 

D. Blade Axles:  1/2-inch- diameter; galvanized steel; blade-linkage hardware of zinc-plated steel and brass; ends 
sealed against blade bearings. 

1. Operating Temperature Range:  From minus 40 to plus 200 deg F. 

E. Bearings: 

1. Oil-impregnated bronze. 
2. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of damper blades 

and bearings at both ends of operating shaft. 
3. Thrust bearings at each end of every blade. 

2.4 FIRE DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Air Balance Inc.; a division of Mestek, Inc. 
2. Arrow United Industries; a division of Mestek, Inc. 
3. Greenheck Fan Corporation. 
4. Ruskin Company. 

B. Type:  static; rated and labeled according to UL 555 by an NRTL. 

C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 4000-fpm velocity. 

D. Fire Rating:  1-1/2 and 3 hours. 

E. Frame:  Curtain type with blades outside airstream; fabricated with roll-formed, 0.034-inch- thick galvanized steel; 
with mitered and interlocking corners. 

F. Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel. 

1. Minimum Thickness:  0.052 or 0.138 inch thick, as indicated, and of length to suit application. 
2. Exception:  Omit sleeve where damper-frame width permits direct attachment of perimeter mounting angles 

on each side of wall or floor; thickness of damper frame must comply with sleeve requirements. 

G. Mounting Orientation:  Vertical or horizontal as indicated. 

H. Blades:  Roll-formed, interlocking, 0.034-inch- thick, galvanized sheet steel.  In place of interlocking blades, use 
full-length, 0.034-inch- thick, galvanized-steel blade connectors. 

I. Horizontal Dampers:  Include blade lock and stainless-steel closure spring. 
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J. Heat-Responsive Device:  Replaceable, 212 deg F rated, fusible links. 

2.5 TURNING VANES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be 
incorporated into the Work include, but are not limited to, the following: 

1. Ductmate Industries, Inc. 
2. METALAIRE, Inc. 
3. SEMCO Incorporated. 

B. Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support with bars perpendicular to blades 
set; set into vane runners suitable for duct mounting. 

1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated faces and fibrous-
glass fill. 

C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded fiberglass with acrylic 
polymer coating; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting. 

D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; 
Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows." 

E. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger dimensions. 

2.6 DUCT-MOUNTED ACCESS DOORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. American Warming and Ventilating; a division of Mestek, Inc. 
2. Ductmate Industries, Inc. 
3. Flexmaster U.S.A., Inc. 
4. Greenheck Fan Corporation. 

B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible"; Figures 2-10, "Duct Access Doors and Panels," and 2-11, "Access Panels - Round 
Duct." 

1. Door: 

a. Double wall, rectangular. 
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class. 
c. Hinges and Latches:  1-by-1-inch butt or piano hinge and cam latches. 
d. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets. 
3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches Square:  No hinges and two sash locks. 
b. Access Doors up to 18 Inches Square:  Two hinges and two sash locks. 
c. Access Doors up to 24 by 48 Inches:  Three hinges and two compression latches. 
d. Access Doors Larger Than 24 by 48 Inches:  Four hinges and two compression latches with outside 

and inside handles. 

2.7 FLEXIBLE DUCTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Flexmaster U.S.A., Inc. 
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2. McGill AirFlow LLC. 
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Insulated, Flexible Duct:  UL 181, Class 1, black polymer film supported by helically wound, spring-steel wire; 
fibrous-glass insulation; aluminized vapor-barrier film. 

1. Pressure Rating:  4-inch wg positive and 0.5-inch wg negative. 
2. Maximum Air Velocity:  4000 fpm. 
3. Temperature Range:  Minus 20 to plus 175 deg F. 

C. Flexible Duct Connectors: 

1. Clamps:  Nylon strap in sizes 3 through 18 inches, to suit duct size. 

2.8 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Ductmate Industries, Inc. 
2. Duro Dyne Inc. 
3. Ventfabrics, Inc. 
4. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Materials:  Flame-retardant or noncombustible fabrics. 

C. Coatings and Adhesives:  Comply with UL 181, Class 1. 

D. Metal-Edged Connectors:  Factory fabricated with a fabric strip 3-1/2 inches wide attached to 2 strips of 2-3/4-inch- 
wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick aluminum sheets.  Provide metal compatible 
with connected ducts. 

E. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd.. 
2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 
3. Service Temperature:  Minus 40 to plus 200 deg F. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible" for metal ducts. 

B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel. 

C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust fan unless 
otherwise indicated. 

D. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts.  
Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, 
and terminate liner with nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 

E. Set dampers to fully open position before testing, adjusting, and balancing. 

F. Install test holes at fan inlets and outlets and elsewhere as indicated. 

G. Install flexible connectors to connect ducts to equipment. 
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H. Install fire dampers according to UL listing. 

I. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and 
equipment at the following locations: 

1. Downstream from manual volume dampers, control dampers, and equipment. 
2. Adjacent to and close enough to fire, to reset or reinstall fusible links.  Access doors for access to fire 

dampers having fusible links shall be pressure relief access doors; and shall be outward operation for access 
doors installed upstream from dampers and inward operation for access doors installed downstream from 
dampers. 

3. At each change in direction and at maximum 50-foot spacing. 
4. Upstream of turning vanes. 
5. Elsewhere as indicated. 

J. Install access doors with swing against duct static pressure. 

K. Access Door Sizes: 

1. One-Hand or Inspection Access:  8 by 5 inches. 
2. Two-Hand Access:  12 by 6 inches. 
3. Head and Hand Access:  18 by 10 inches. 
4. Head and Shoulders Access:  21 by 14 inches. 
5. Body Access:  25 by 14 inches. 
6. Body plus Ladder Access:  25 by 17 inches. 

L. Label access doors according to Division 23 Section "Identification for HVAC Piping and Equipment" to indicate the 
purpose of access door. 

M. Connect terminal units to supply ducts directly. 

N. Connect diffusers to low-pressure ducts with maximum 60-inch lengths of flexible duct clamped or strapped in place. 

O. Connect flexible ducts to metal ducts with nylon straps. 

P. Install duct test holes where required for testing and balancing purposes. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be performed. 
3. Operate fire dampers to verify full range of movement and verify that proper heat-response device is 

installed. 
4. Inspect turning vanes for proper and secure installation. 

END OF SECTION 233300 
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SECTION 233423 - HVAC POWER VENTILATORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following: 

1. Centrifugal roof ventilators. 

1.2 SUBMITTALS 

A. Product Data:  Include rated capacities, furnished specialties, and accessories for each type of product indicated 
and include the following: 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

C. Field quality-control test reports. 

D. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. 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. 

B. NEMA Compliance:  Motors and electrical accessories shall comply with NEMA standards. 

C. UL Standard:  Power ventilators shall comply with UL 705. 

PART 2 - PRODUCTS 

2.1 CENTRIFUGAL ROOF VENTILATORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Greenheck. 
2. Loren Cook Company. 
3. Penn Ventilation. 

B. Description:  Direct-driven centrifugal fans consisting of housing, wheel, fan shaft, bearings, motor and disconnect 
switch, drive assembly, curb base, and accessories. 

C. Housing:  Removable, spun-aluminum, dome top and outlet baffle; square, one-piece, aluminum base with venturi 
inlet cone. 

D. Fan Wheels:  Aluminum hub and wheel with backward-inclined blades. 

E. Accessories: 

1. Disconnect Switch:  Nonfusible type, with thermal-overload protection mounted fan housing, factory wired 
through an internal aluminum conduit. 

2. Bird Screens:  Removable, 1/2-inch mesh, aluminum or brass wire. 
3. Dampers:  Counterbalanced, parallel-blade, backdraft dampers mounted in curb base; factory set to close 

when fan stops. 
4. Motorized Dampers:  Parallel-blade dampers mounted in curb base with 24-volt electric actuator; wired to 

close when fan stops. 
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F. Roof Curbs:  Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, fiberglass insulation adhered to 
inside walls; and 1-1/2-inch wood nailer.  Size as required to suit roof opening and fan base. 

1. Configuration:  Built-in cant and mounting flange. 
2. Overall Height:  14 inches. 
3. Sound Curb:  Curb with sound-absorbing insulation matrix. 
4. Metal Liner:  Galvanized steel. 

2.2 MOTORS 

A. Comply with requirements in Division 23 Section "Common Motor Requirements for HVAC Equipment." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Secure roof-mounting fans to roof curbs with cadmium-plated hardware.  Refer to Division 07 Section "Roof 
Accessories" for installation of roof curbs. 

B. Install units with clearances for service and maintenance. 

C. Label units according to requirements specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

D. Duct installation and connection requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of ducts and duct accessories.  Make final duct connections with flexible connectors.  Flexible 
connectors are specified in Division 23 Section "Air Duct Accessories." 

E. Install ducts adjacent to power ventilators to allow service and maintenance. 

F. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

3.2 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections to ducts and electrical 

components are complete.  Verify that proper thermal-overload protection is installed in motors, starters, 
and disconnect switches. 

3. Verify that cleaning and adjusting are complete. 
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and 

smooth bearing operation.  Reconnect fan drive system, align and adjust belts, and install belt guards. 
5. Adjust belt tension. 
6. Adjust damper linkages for proper damper operation. 
7. Verify lubrication for bearings and other moving parts. 
8. Verify that manual and automatic volume control and fire and smoke dampers in connected ductwork 

systems are in fully open position. 
9. Disable automatic temperature-control operators, energize motor and adjust fan to indicated rpm, and 

measure and record motor voltage and amperage. 
10. Shut unit down and reconnect automatic temperature-control operators. 
11. Remove and replace malfunctioning units and retest as specified above. 

B. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment. 

END OF SECTION 233423 
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SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Rectangular and square ceiling diffusers. 
2. Six-Way supply diffuser. (V7 Prototype) 
3. Linear slot diffusers. 
4. Perforated face diffusers. 
5. Adjustable bar registers. 

B. Related Sections: 

1. Division 23 Section "Air Duct Accessories" for fire dampers and volume-control dampers not integral to 
diffusers, registers, and grilles. 

1.2 SUBMITTALS 

A. Product Data:  For each type of 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. Diffuser, Register, and Grille Schedule:  Indicate drawing designation, room location, quantity, model 
number, size, and accessories furnished. 

B. Samples:  For each exposed product and for each color and texture specified. 

PART 2 - PRODUCTS – See Schedule Sheet on Drawings. 

2.1 ACCEPTABLE MANUFACTURERS 

A. Price (basis of design), Titus, Krueger 

PART 3 - EXECUTION (Not Applicable) 

3.1 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb. 

B. Paint interior of all return air grille plenums black. 

C. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air 
outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow 
pattern, throw, and pressure drop.  Make final locations where indicated, as much as practical.  For units installed 
in lay-in ceiling panels, locate units in the center of panel.  Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location. 

D. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of 
dampers, air extractors, and fire dampers. 

3.2 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air 
balancing. 
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END OF SECTION 233713 
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SECTION 235533 - FUEL-FIRED UNIT HEATERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Aldi has a national account with Lennox industries. All Lennox HVAC equipment should be quoted and ordered 
through Lennox National Accounts. Please call 800-367-6285 and hit "2" for sales and ask for the Aldi National 
Account Sales Administrator who will assist you with quotes, availability and orders. 

B. This Section includes gas-fired unit heaters. 

1.2 SUBMITTALS 

A. Product Data:  For each type of fuel-fired unit heater indicated.  Include rated capacities, operating characteristics, 
and accessories. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

1. Wiring Diagrams:  Power wiring. 

C. Field quality-control test reports. 

D. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. 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. 

1.4 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace heat exchanger 
of fuel-fired unit heater that fails in materials or workmanship within specified warranty period. 

1. Heat Exchanger Warranty Period:  Ten years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 GAS-FIRED UNIT HEATERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Lennox Industries, Inc. 

B. Description:  Factory assembled, piped, and wired, and complying with ANSI Z83.8/CSA 2.6. 

C. Fuel Type:  Design burner for natural gas having characteristics same as those of gas available at Project site. 

D. Type of Venting:  Power vented. 

E. Housing:  Steel, with integral draft hood and inserts for suspension mounting rods. 

F. Heat Exchanger:  Aluminized steel. 

G. Burner Material:  Aluminized steel with stainless-steel inserts. 
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H. Unit Fan:  Propeller blades riveted to heavy-gage steel spider bolted to cast-iron hub, dynamically balanced, and 
resiliently mounted. 

I. Controls:  Regulated redundant gas valve containing pilot solenoid valve, electric gas valve, pilot filter, pressure 
regulator, pilot shutoff, and manual shutoff all in one body. 

1. Gas Control Valve:  Single stage. 
2. Ignition:  Electronically controlled electric spark with flame sensor. 
3. Vent Flow Verification:  [Differential pressure switch to verify open vent. 
4. Control transformer. 
5. High Limit:  Thermal switch or fuse to stop burner. 

J. Discharge Louvers:  Independently adjustable horizontal blades. 

K. Accessories: 

1. Four-point suspension kit. 

L. Capacities and Characteristics: See schedule sheet H-301. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install and connect gas-fired unit heaters and associated fuel and vent features and systems according to NFPA 54 
and CAN/CSA B149.1, applicable local codes and regulations, and manufacturer's written installation instructions. 

B. Suspended Units:  Suspend from substrate using threaded rods, spring hangers, and building attachments.  Secure 
rods to unit hanger attachments.  Adjust hangers so unit is level and plumb. 

C. Install piping adjacent to fuel-fired unit heater to allow service and maintenance. 

D. Gas Piping:  Comply with Division 23 Section "Facility Natural-Gas Piping." Connect gas piping to gas train inlet; 
provide union with enough clearance for burner removal and service. 

E. Vent Connections:  Comply with Division 23 Section "Breechings, Chimneys, and Stacks." 

F. Electrical Connections:  Comply with applicable requirements in Division 26 Sections. 

1. Install electrical devices furnished with heaters but not specified to be factory mounted. 

G. Adjust initial temperature set points. 

H. Adjust burner and other unit components for optimum heating performance and efficiency. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections:  Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

END OF SECTION 235533 
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SECTION 237414 - PACKAGED, OUTDOOR, DEHUMIDIFICATION UNIT (RTU-1) 

PART 1 - GENERAL 

1.1 SUBMITTALS 

A. RTU-1 is furnished by the Owner, received, rigged and installed by the Mechanical Contractor. 

B. Product Data:  Include manufacturer's technical data for each RTU, including rated capacities, dimensions, required 
clearances, characteristics, furnished specialties, and accessories. 

C. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

D. Operation and maintenance data. 

E. Warranty. 

1.2 QUALITY ASSURANCE 

A. ARI Compliance: 

1. Comply with ARI 210/240 and ARI 340/360 for testing and rating energy efficiencies for RTUs. 
2. Comply with ARI 270 for testing and rating sound performance for RTUs. 

B. ASHRAE Compliance: 

1. Comply with ASHRAE 15 for refrigerant system safety. 
2. Comply with ASHRAE 33 for methods of testing cooling and heating coils. 
3. Comply with ASHRAE/IESNA 90.1 for minimum efficiency of heating and cooling. 
4. Comply with ASHRAE/ANSI standard 135-2016 for BACnet compliance. 

C. NFPA Compliance:  Comply with NFPA 90A and NFPA 90B. 

D. UL Compliance:  Comply with UL 1995. 

E. 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. 

1.3 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to replace components of RTUs 
that fail in materials or workmanship within specified warranty period. 

1. Warranty Period for Compressors:  Manufacturer's standard, but not less than 5 years from date of 
Substantial Completion. 

2. Warranty Period for Gas Furnace Heat Exchangers:  Manufacturer's standard, but not less than 10 years 
from date of Substantial Completion. 

3. Warranty Period for Solid-State Ignition Modules:  Manufacturer's standard, but not less than 1 years from 
date of Substantial Completion. 

4. Warranty Period for Control Boards:  Manufacturer's standard, but not less than 3 years from date of 
Substantial Completion. 

PART 2 - PRODUCTS 

2.01 Manufacturer 
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Flo Energy Solutions Inc.                   

Flo Energy Solutions Sahara Express™ Dual-Path Dehumidification RTU               

Contact: (P) 866-706-2647 ext. 222      aldiorders@systemsflo.com  

2.02 General Description 

A. Sahara Express™ Dual-Path Dehumidification RTU : self-contained - factory assembled and tested; de-
signed for roof or slab installation; and consisting of compressors, condensers, evaporator coils, conden-
ser and evaporator fans, refrigeration and temperature controls, gas heaters, filters, and dampers.  Out-
door air handling unit shall include filters, supply blowers, DX coils, gas heaters, and unit controls. 

B. Unit shall be factory assembled and tested including helium leak testing of the coils, pressure testing of the 
refrigeration circuit, and run testing of the completed unit. Run test report shall be supplied with the unit in 
the controls compartment’s literature pocket. 

C. Unit shall have decals and tags to indicate lifting and rigging, service areas, and caution areas for safety 
and to assist service personnel. 

D. Unit components shall be labeled, including pipe stub outs, refrigeration system components, and electri-
cal and controls components. 

E. Estimated sound power levels (dB) shall be shown on the unit ratings sheet. 

F. Installation, Operation, and Maintenance manual shall be supplied within the unit. 

G. Laminated color-coded wiring diagram shall match factory installed wiring and be provided in both point-to-
point and ladder form and affixed to the interior of the control compartment’s hinged access door. 

H. Unit nameplate shall be provided in two locations on the unit, affixed to the exterior of the unit and affixed 
to the interior of the control compartment’s hinged access door. 

2.03 Construction 

A. All cabinet walls, access doors and roof shall be fabricated of rigid, impact resistant, double wall, high per-
formance composite panels with G90 galvanized steel on both sides and a closed cell polyurethane foam 
interior core.  

B. Foam shall have a minimum density of 2 pounds/cubic foot and shall be tested in accordance with ASTM 
D-1929 for a minimum flash ignition temperature of 610°F. 

C. Panel deflection shall not exceed L/240 ratio at 125% of design static pressure, maximum 8 inches of posi-
tive or negative static pressure. Deflection shall be measured at the midpoint of the panel height and width. 

D. Cabinet leakage rate shall not exceed 1% when tested at 6 inches of static pressure. 

E. Insulation shall have an R-value of 13. 

mailto:aldiorders@systemsflo.coma
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F. All cabinet walls, access doors and roof shall have a thermal break with no metal path to inside to outside. 

G. Units with cooling coils shall include double sloped 304 stainless steel drain pans and a factory provided p-
trap, for field installation. 

H. Roof of the air tunnel shall be sloped to provide complete drainage. 

I. Unit shall have rain break overhangs above access doors. 

J. Exterior paint finish shall be capable of withstanding at least 2500 hours, with no visible corrosive effects, 
when tested in a salt spray and fog atmosphere in accordance with ASTM B 117-95 test procedure. 

K. Access to filters, dampers, economizers, cooling coils, power exhaust and return blowers, controls, com-
pressors, and heaters shall be through hinged access doors with quarter turn, zinc cast, lockable handles. 
Full length stainless steel piano hinges shall be included on the doors.  

L. All openings through the base pan of the unit shall have upturned flanges of at least 0.5 inches in height 
around the opening through the base pan. 

M. Unit shall include lifting lugs on the top of the unit.  

N. Unit shall include interior corrosion protection which shall be capable of withstanding at least 2500 hours, 
with no visible corrosive effects, when tested in a salt spray and fog atmosphere in accordance with ASTM 
B 117-95 test procedure. Air tunnel, blowers, dampers, and economizer shall all include the corrosion pro-
tection. 

2.04 Electrical 

1. Unit shall be provided with factory installed and factory wired, non-fused disconnect switch in the unit 
control panel. 

2. Unit shall be provided with factory installed and factory wired 115V, 13 amp GFI outlet with outlet dis-
connect switch in the unit control panel. 

3. Unit shall be provided with phase and brown out protection which shuts down all motors in the unit if 
the electrical phases are more that 10% out of balance on voltage, the voltage is more that 10% under 
design voltage, or on phase reversal. 

2.05 Supply Blowers 

A. Unit shall include direct drive, unhoused, backward curved, plenum supply blower 

B. Blowers and motors shall be dynamically balanced and mounted on rubber isolators. 

C. Motors shall be premium efficiency ODP with ball bearings rated for 200,000 hours service with external 
lubrication points. Variable frequency drive(s) shall be factory wired and mounted in the unit.  
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2.06 Cooling Coils 

A. Evaporator Coil(s) 

1. Coils shall be designed for use with R-410A refrigerant and constructed of copper tubes with alumi-
num fins mechanically bonded to the tubes and galvanized steel end casings. Fin design shall be sine 
wave rippled. 

2. Coils shall have interlaced circuitry and shall be 6 row high capacity. 

3. Coils shall be helium leak tested. 

4. Coil shall be furnished with a factory installed thermostatic expansion valve. 

2.07 Refrigeration System 

A. Unit shall be factory charged with R-410A refrigerant. 

B. Compressors shall be scroll type with thermal overload protection, independently circuited, and carry a 5 
year non-prorated warranty. 

C. Compressors shall be mounted in an isolated service compartment which can be accessed without affect-
ing unit operation. Lockable hinged compressor access doors shall be fabricated of double wall, high per-
formance composite panels with an R-value of 13 to prevent the transmission of noise outside the cabinet. 

D. Compressors shall be isolated from the base pan with the compressor manufacturer’s recommended rub-
ber vibration isolators, to reduce any transmission of noise from the compressor into the building area. 

E. Each refrigeration circuit shall be equipped with thermostatic expansion valve type refrigerant flow control. 

F. Each refrigeration circuit shall be equipped with automatic reset low pressure and manual reset high pres-
sure refrigerant safety controls, Schrader type service fittings on both the high pressure and low pressure 
sides, and factory installed liquid line filter driers. 

G. Digital scroll compressors:  Unit shall include a modulating capacity scroll compressor on the first refrigera-
tion circuit which shall be capable of modulation from 10-100% of its capacity. 

 

2.08 Condensers 

A. Air-Cooled Condenser 

1. Condenser fans shall be vertical discharge axial flow direct drive fans.  
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2. Coils shall be designed for use with R-410A refrigerant and constructed of copper tubes with alumi-
num fins mechanically bonded to the tubes and galvanized steel end casings. Fin design shall be sine 
wave rippled 

3. Coils shall be designed for a minimum of 10 degrees of refrigerant sub-cooling. 

4. Coils shall be helium leak tested. 

2.09 Gas Heating 

A. Unit shall include a natural gas furnace with 2 or 4 stages of capacity. 

B. Aluminized steel heat exchanger furnaces shall carry a 15 year non-prorated warranty. 

C. Gas furnace shall consist of aluminized steel heat exchangers with multiple concavities, an induced draft 
blower, and an electronic pressure switch to lockout the gas valve until the combustion chamber is purged 
and combustion airflow is established.  

D. Furnace shall include a gas ignition system consisting of an electronic igniter to a pilot system, which will 
be continuous when the heater is operating, but will shut off the pilot when heating is not required. 

E. Unit shall have gas supply piping entrances in the unit base for through-the-curb gas piping and in the out-
side cabinet wall for across the roof gas piping. 

2.10 Filters 

1. Unit shall include a 2 inch thick, permanent filter frame with replaceable media, upstream of the cool-
ing coil. 

2. Unit shall include a clogged filter switch 

2.11 Outside Air 

1. Unit shall include 0-100% modulating damper consisting of a motor operated outside air damper and 
return air damper assembly constructed of extruded aluminum, hollow core, airfoil blades with rubber 
edge seals and aluminum end seals. Damper blades shall be gear driven and designed to have no 
more than 15 CFM of leakage per sq. ft. of damper area when subjected to 2 inches w.g. air pressure 
differential across the damper. Damper assembly shall be controlled by a (DDC) actuator. Unit shall 
include outside air opening bird screen, outside air hood with rain lip, and barometric relief dampers. 

     Unit shall be furnished with return air CO2 override. 

2.12 Controls 

A. Factory Installed and Factory Provided Controller  

1. Unit controller shall be capable of controlling all features and options of the unit. Controller shall be 
factory installed in the unit controls compartment and factory tested.  Controller is configurable for 
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BACnet integration to third party system. Controller to be equipped to run with stand-alone functional-
ity upon failure to establish network connection with third party system.  

2. A field installed supply air temperature sensor shall be furnished for installation by contractor. 

3. Controller shall have an onboard clock and calendar functions that allow for occupancy scheduling. 

4. Controller shall include non-volatile memory to retain all programmed values without the use of a bat-
tery, in the event of a power failure. 

5. Controller shall contain diagnostics to indicate controller power, communications, unit alarms, and 
sensor failures. 

6. Controller capable of the following: 

a. Average up to 3 space temperature/humidity sensors 
b. Interlock with up to 4 exhaust fans with incremental adjustable outside air damper positions  
c. Minimum outside air damper with CO2 override  
d. Control up to 2 heat reclaim stages 

 
Unit to be complete with the following Flo Energy Solutions Low Voltage Terminal Block Connections: 

 
Inputs: 
 

1) Heat 1 Mode Enable (HEAT RECLAIM) 
2) Heat 2 Mode Enable (GAS HEAT ENABLE) 
3) Cooling Mode Enable 

4)    Dehumidification Mode Enable 
5)    System Enable 
6)    Occupied  
7)    Outside air damper  
 
Outputs: 
 
8)    Heating Fail 
9)    Cooling Fail 
10)  Airflow/fan Fail 
11)  Dirty Filter Alarm 
12)  Heat Reclaim Alarm 
12)  Heat Reclaim Enable Stage 1  
13)  Heat Reclaim Enable stage 2  

 

2.14  Curbs 

A. Curbs shall to be fully gasketed between the curb top and unit bottom with the curb providing full perime-
ter support, cross structure support and air seal for the unit. Curb gasket shall be furnished within the con-
trol compartment of the rooftop unit to be mounted on the curb immediately before mounting of the rooftop 
unit 

B. Knockdown curb shall be factory furnished for field assembly. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Roof Curb:  Install on roof structure or concrete base, level and secure, according to ARI Guideline B. Install RTUs 
on curbs and coordinate roof penetrations and flashing with roof construction specified in Division 07 Section "Roof 
Accessories." Secure RTUs to upper curb rail, and secure curb base to roof framing or concrete base with anchor 
bolts. 

B. Install condensate drain, minimum connection size, with trap and indirect connection to nearest roof drain or area 
drain. 

C. Install piping adjacent to RTUs to allow service and maintenance. 

1. Gas Piping:  Comply with applicable requirements in Division 23 Section "Facility Natural-Gas Piping." 
Connect gas piping to burner, full size of gas train inlet, and connect with union and shutoff valve with 
sufficient clearance for burner removal and service. 

D. Duct installation requirements are specified in other Division 23 Sections.  Drawings indicate the general 
arrangement of ducts.  The following are specific connection requirements: 

1. Install ducts to termination at top of roof curb. 
2. Remove roof decking only as required for passage of ducts.  Do not cut out decking under entire roof curb. 
3. Connect supply ducts to RTUs with flexible duct connectors specified in Division 23 Section "Air Duct 

Accessories." 
4. Install return-air duct continuously through roof structure. 

3.2 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, 
assemblies, and equipment installations, including connections, and to assist in testing.  Report results in 
writing. 

B. Tests and Inspections: 

1. After installing RTUs and after electrical circuitry has been energized, test units for compliance with 
requirements. 

2. Inspect for and remove shipping bolts, blocks, and tie-down straps. 
3. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation 

and unit operation. 
4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment. 

C. Remove and replace malfunctioning units and retest as specified above. 

3.3 CLEANING AND ADJUSTING 

A. After completing system installation and testing, adjusting, and balancing RTU and air-distribution systems, clean 
filter housings and install new filters. 
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END OF SECTION 237414 



ALDI Retail Facility 
 

SPLIT-SYSTEM AIR-CONDITIONERS  238126 - 1 
Prototype Project Manual Date: 04/24/25 

SECTION 238126 - SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes split-system air-conditioning and heat pump units consisting of separate evaporator-
fan and compressor-condenser components.  Units are designed for exposed or concealed mounting, and 
may be connected to ducts. 

B. This piece of equipment is ordered by the GC and Aldi is direct-billed is for this equipment.  
It is then received, rigged and installed by the Mechanical Contractor. 

1.2 SUBMITTALS 

A. Product Data:  For each unit indicated.  Include performance data in terms of capacities, outlet velocities, 
static pressures, sound power characteristics, motor requirements, and electrical characteristics. 

B. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. 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. 

B. Energy-Efficiency Ratio:  Equal to or greater than prescribed by ASHRAE 90.1, "Energy Efficient Design of 
New Buildings except Low-Rise Residential Buildings." 

C. Coefficient of Performance:  Equal to or greater than prescribed by ASHRAE 90.1, "Energy Efficient Design 
of New Buildings except Low-Rise Residential Buildings." 

D. Units shall be designed to operate with HCFC-free refrigerants. 

1.4 WARRANTY 

A. Special Warranty:  The part(s) are warranted for an additional four (4) year period from the second (2nd) 
through the fifth (5th) year after the date of original purchase. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. LG (Basis of Design). 
2. Or pre-approved equal by Owner. 
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2.2 EVAPORATOR-FAN UNIT 
A. General 

1. Unit shall be manufactured by LG. 
2. Unit shall be factory assembled, wired, piped and run tested. 
3. Unit shall be designed to be installed for indoor application. 
4. Unit shall be designed to mount recessed in the ceiling and has a surface mounted con-

centric grille on the bottom of the unit. 
 

B. Casing/Panel  
1. Unit case shall be manufactured using galvanized steel plate. 
2. The unit shall be provided with an off-white Acrylonitrile Butadiene Styrene (ABS) poly-

meric resin architectural grille. 
3. The grille shall have a tapered trim edge, and a hinged, spring clip (screw-less) return air 

filter-grille door. 
4. Unit shall be provided with metal ears designed to support the unit weight on four cor-

ners. 
5. Ears shall have pre-punched holes designed to accept field supplied all thread rod hang-

ers. 
 

C. Cabinet Assembly 
1. Unit shall have four supply air outlets and one return air inlet. 
2. The supply air outlet shall be through four-directional slot diffusers each equipped with 

independent oscillating motorized guide vane designed to change the airflow direction. 
3. The grille shall have a discharge range of motion of 40° in an up/down direction with ca-

pabilities of locking the vanes. 
4. The unit shall have a guide vane algorithm designed to sequentially change the predomi-

nant discharge airflow direction in counterclockwise pattern. 
5. Guide vanes shall provide airflow in all directions. 
6. Unit shall be equipped with factory installed temperature thermistors for  

1. Return air  
2. Refrigerant entering coil 
3. Refrigerant leaving coil 

7. Unit shall have a built-in control panel to communicate with the outdoor unit. 
8. The unit shall have provision for fresh air ventilation through a knock-out on the cabinet. 
9. The unit shall have factory designated branch duct knockouts on the unit case. 

1. The branch duct knockouts shall have the ability to duct up to half of the unit airflow 
capacity. 

2. The branch duct shall be ducted within the same room as the indoor unit. 
10. Unit shall have the following functions as standard 

1. Self-diagnostic function  
2. Auto restart function 
3. Auto changeover function 
4. Dehumidifying function 
5. Forced operation 
6. Hot Start 
7. Sleep mode 

 
D. Fan Assembly 

1. The unit shall have a single direct driven turbo fan. 
2. The fan shall be made of high strength ABS HT-700 polymeric resin. 
3. The fan motor is Brushless Digitally controlled (BLDC) with permanently lubricated and 

sealed ball bearings. 
4. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets. 
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5. The fan speed shall be controlled using microprocessor based direct digitally controlled 
algorithm. 

6. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, Power 
Cool, and Auto. 

7. In heating mode, the indoor fan shall have the following settings: Low, Med, High, and 
Auto. 

8. The Auto fan setting shall adjust the fan speed to most effectively achieve the set-point. 
9. Unit shall have factory installed motorized louvers to provide flow of air in up and down 

direction for uniform airflow. 
 

E. Filter Assembly 
1. The return air inlet shall have a factory supplied primary removable, washable filter. 
2. The filter access shall be from the bottom of the unit. 
 

F. Coil Assembly 
1. Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on 

copper tubing. 
2. Unit shall have minimum of 2 rows of coils. 
3. Unit shall have a factory supplied condensate drain pan below the coil. 
4. Unit shall have an installed and wired condensate drain pump capable of providing mini-

mum 31-1/2 inch lift from bottom surface of the unit. 
5. The drain pump shall have a safety switch to shut off the unit if condensate rises too high 

in the drain pan. 
6. Unit shall have provision of 45° flare refrigerant pipe connections. 
7. The coil shall be factory pressure tested at a minimum of 551 psig. 
8. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. 
 

G. Microprocessor Control 
1. The unit shall have a factory installed microprocessor controller capable of performing 

functions necessary to operate the system. 
2. The unit shall be able to communicate with the outdoor unit using a field supplied mini-

mum of 18 AWG, 4 conductor, stranded, shielded or unshielded power/communication 
cable.  If shielded, it must be grounded to chassis at ODU only.  

3. Central control shall be available through an optional control board for the outdoor unit. 
4. The unit controls shall operate the indoor unit using one of the five operating modes: 

1. Auto changeover 
2. Heating 
3. Cooling 
4. Dry 
5. Fan only 

 
H. Electrical 

1. The unit electrical power shall be 208-230/1/60 (V/Ph/Hz) 
2. The unit shall be capable of operating within voltage limits of +/- 10% of the rated volt-

age. 

2.3 AIR-COOLED, COMPRESSOR-CONDENSER UNIT 

 
A. The outdoor unit shall be capable of the following operating ambient range. 

1. Cooling: 5°F DB to 118°F DB 
2. Heating: 0°F WB to 64°F WB 
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B. General 

1. Unit shall be manufactured by LG. 
2. The air-conditioning system shall use R410A refrigerant. 
3. Each system shall have one air source outdoor unit. 
4. The refrigerant circuit shall be field piped to a single matching indoor unit to effectively and effi-

ciently control the heating or cooling operation of the system. 
5. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. 
6. Factory installed microprocessor controls in the outdoor unit and indoor unit shall perform func-

tions to efficiently operate the single zone system and communicate via minimum 18 AWG, 4 
conductor, stranded, shielded or unshielded power/communication cable.  If shielded, it must 
be grounded to chassis at ODU only. 

7. The outdoor unit shall be internally assembled, wired and piped from the factory. 
8. The factory assembled system shall have the outdoor unit fitted with refrigerant strainer, check 

valves, oil separator, accumulator, 4-way reversing valve, electronic expansion valve, high side 
and low side refrigerant charging ports, and a service port. 
 

C. Piping capabilities 
1. The outdoor unit shall be capable of operating at an elevation of 98.4 feet above or below the 

indoor unit. 
2. The outdoor unit shall be capable of operating with up to 164 feet . 

D. Defrost Operations 
1. The outdoor unit shall be capable of auto defrost operation to melt accumulated ice off the out-

door unit heat exchanger. The defrost cycle control shall be based on outdoor ambient temper-
atures and outdoor unit heat exchanger temperatures. 
 

E. Oil Management 
1. The outdoor unit shall have an oil injection mechanism to ensure a consistent film of oil on all 

moving compressor parts at low speed.  
2. The outdoor unit shall have an oil separator to separate oil mixed with the refrigerant gas dur-

ing compression and return oil to the compressor. 
 

F. Cabinet 
1. The outdoor unit cabinet shall be made of pre-coated metal (PCM). 
2. The front/side panels of the outdoor unit shall be removable type for access to internal compo-

nents. 
3. Outdoor unit cabinet shall be tested in accordance with ASTM B-117 salt spray test procedure 

for a minimum of 1000 hours. 
 

G. Fan Assembly 
1. Each 1.5 to 2 ton outdoor unit <LUU187~247HV> shall be equipped with one direct drive varia-

ble speed propeller fan with Brushless Digitally Controlled (BLDC) motor with a horizontal air 
discharge. 

2. The fan blades shall be made of Acrylonitrile Butadiene Styrene (ABS) material. 
3. The fan(s) shall be equipped with permanently lubricated bearings. 
4. The fan motor(s) shall have variable speed to a maximum of 950 RPM. 
5. The fan(s) shall have a raised guard to help prevent contact with moving parts. 

 
H. Outdoor Coil 

1. The outdoor unit shall have a factory built coil comprised of aluminum fins mechanically 
bonded on copper tubing. 

2. The aluminum fins shall have factory applied corrosion resistant GoldFin™   material. 
3. Coil coating shall be tested in accordance with ASTM B-117 salt spray test procedure for a 

minimum of 1000 hours. 
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4. The outdoor unit coil shall be factory tested to a pressure of 600 psig. 
5. The coil for each outdoor unit shall have a minimum of 14 Fins per Inch (FPI). 
6. The coil for each outdoor unit shall have a 2 row heat exchanger. 
7. The outdoor unit cabinet shall have a coil guard. 

 
I. Compressor 

1. The outdoor unit shall be equipped with one hermetically sealed, digitally controlled, inverter 
driven twin-rotary compressor. 

2. The inverter driven, digitally controlled compressor shall be capable of operating in a frequency 
range from 20 Hz to 100 Hz with control in 1 Hz increments. 

3. The compressor shall be mounted on vibration attenuating rubber grommets. 
4. The compressor shall use a factory charge of Polyvinyl Ether (PVE) oil. 
5. The compressor bearing(s) shall have Teflon™ coating. 
6. The compressor shall be equipped with over-current protection.  

 
J. Sound Levels 

1. The outdoor unit shall have sound levels not exceeding 54 dB(A) tested in an anechoic cham-
ber under ISO1996 standard.  
 

K. Sensors 
1. The outdoor unit shall have  

a. Suction temperature sensor 
b. Discharge temperature sensor 
c. High pressure sensor 
d. Low Pressure sensor 
e. Outdoor temperature sensor 
f. Outdoor unit heat exchanger temperature sensor  

2.4 ACCESSORIES 

A. Condensate pump. 

B. Decorative grille. 

C. Intesis BACnet interface gateway. Where an Intesis BACnet interface gateway is not manufactured for the 
equipment manufacturer an Intesis Modbus interface gateway will be acceptable.  

D. Refrigerant Line Kits:  Soft-annealed copper suction and liquid lines factory cleaned, dried, pressurized, and 
sealed; factory-insulated suction line with flared fittings at both ends. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install evaporator-fan components using manufacturer's standard mounting devices securely fastened to 
building structure. 

B. Install air cooled heat pump per manufacturer’s installation manual. 

3.2 CONNECTIONS 

A. Install refrigerant piping to allow access to unit. 
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B. Connect supply and return condenser connections with shutoff-duty valve and union or flange on the supply 
connection and with throttling-duty valve and union or flange on the return connection. 

C. Install piping adjacent to unit to allow service and maintenance. 

3.3 FIELD QUALITY CONTROL 

A. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist. 

B. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation 
and unit operation.  Remove malfunctioning units, replace with new components, and retest. 

C. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment. 

END OF SECTION 238126 


