
SECTION 15650


REFRIGERATION

PART 1 ‑ GENERAL

1.01
SCOPE

A.
The work under this section of the specifications shall include the furnishing of all apparatus, equipment, tools, labor and materials required for a complete refrigeration installation as included on the drawings or specified herein, including but not limited to the following:

1.
Condensing units, evaporators, interconnecting piping, and all appurtenances.

2.
Evaporator drain pan piping.

3.
Pipe and equipment insulation (Reference Section 15090, Insulation of Refrigeration System).

4.
Testing, charging, adjusting and operating of system through temperature pull down of all refrigerated spaces.

5.
Instruction of Owner's operating and maintenance personnel.

6.
Securing and paying for all permits, certifications and approvals required.

7.
Cutting, patching, painting, sealing, flashing and counterflashing of all wall and roof penetrations (Reference Section 01700 Cutting and Patching, Section 13060, Cold Storage Insulation, Division 9, Finishes, and details on Architectural Drawings).

1.02
RELATED WORK SPECIFIED ELSEWHERE

A.
Section 09900:  Finish Painting.

B.
Section 15400:  Air Gap Fittings for Evaporator Drains.

C.
Division 16:  Connection of Electrical Equipment for Refrigeration System.

1.03
WORK NOT INCLUDED

A.
Connection of electrical equipment (field wiring).

1.04
REGULATIONS, PERMITS AND FEES

A.
All work and materials shall be in full accordance with the latest local rules and regulations, the Safety Orders of the Divisions of Industrial Safety, the State Fire Marshal, the Electrical Code, and all applicable state and local requirements.  Nothing in these plans and specifications is to be construed to permit work not conforming to these requirements.

B.
Wherever the specifications call for or describe materials or construction of better quality or larger sizes than are required by the above rules and regulations, the specifications shall govern.  Should there be any direct conflict between the above rules and these specifications, the rules shall govern.

C.
Permits and Fees:  The procurement of all licenses and permits necessary to the prosecution and completion of the work is included in this contract.

D.
Applicable Publications:  The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by the basic designation only.

1.
American National Standards Institute (ANSI) Publication:

ANSI B31.5‑83 - Refrigeration Piping

2.
American Society of Mechanical Engineers (ASME) Publication:

SEC8‑D‑1‑83
 - Pressure Vessels ‑ Division 1

3.
American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) Publication:

15‑1989 - Safety Code for Mechanical Refrigeration

1.05
SUBSTITUTIONS

A.
Refer to   Section 01600 for requirements regarding substitutions.  Attention of the Contractor is called to the following:

1.
All materials bid shall be as specified without exception.

2.
Alternates if proposed, shall include complete detail in accordance with Section 01600 of these specifications.  Equal approved by Architect prior to bidding.

1.06
SUBMITTALS

A.
Shall be in accordance with the requirements of Section 01300.

B.
Shall be made no later than 30 days after award of this contract.

C.
Shall be neatly bound in folders and have a summary sheet at the front.

D.
Shall show plans, elevations, capacities and ratings.

E.
Shall be complete as one submittal and include the following:

1.
Condensing Units.

2.
Evaporators

3.
Air Cooled Glycol Chiller.

4.
Hand Valves.

5.
Control Valves

6.
Suction Filters

7.
Sight Glasses

8.
Pressure Gages.

9.
Thermostats.

10.
Pipe Hanging Accessories.

1.07
CERTIFICATES

A.
Contractor shall furnish two (2) copies of Form U‑1 "Manufacturer's Data Report for Unfired Pressure Vessels" for each pressure vessel.

1.08
REFRIGERATION SYSTEM OPERATION INSTRUCTIONS

A.
The Refrigeration System Operating Instructions shall be specific for this system and shall describe the mechanical and electrical interrelationship of all items of equipment and components.  Include anticipated set points, gage readings, thermometer readings and motor current.  After start‑up, provide a complete list of actual set points, gage readings, thermometer readings and motor current draw.

B.
Operating Instructions shall be submitted within 150 days of receipt of contract.

1.09
CLASSES AND MAXIMUM WORKING PRESSURES

A.
Except as specified otherwise, equipment and piping components shall be suitable for use under the maximum working pressures indicated.  Except as modified herein, the pressure temperature limitations shall be as specified in the referenced standards and specifications.  All pressures in this specification are pressures in pounds per square inch (psi) above atmospheric pressure, and temperatures are in degrees Fahrenheit (F).

PART 2 ‑ PRODUCTS

2.01
AIR COOLED CONDENSING UNIT AND EVAPORATORS - COOLER

A.
Air colled condensing unit shall be Krack Model KPO-16-8H2.  Capacity shall be 68000 BTUH @ 25 degrees F suction and 95 degrees F ambient air.  Entire unit shall be approved by and carry the UL label

B.
Compressor shall be semi-hermetic complete with:  (a) refrigerant-cooled motor, (b) three phase internal motor overheat protection, (c) anti-short cycle delay, (d) crankcase heater, (e) oil level sight glass, (f) back-seating suction and discharge service valves, (g) manual reset oil failure safety switch, (h) manual reset high discharge pressure switch and (j) liquid subcooling heat exchanger(s).

C.
Air cooled condenser shall be copper tube, aluminum fins, pressure tested per code, maximum of ten fins per inch, complete with:  (a) direct driven aluminum propeller fans arranged for horizontal air discharge and (b) three phase motors with internal overheat protection.

D.
Refrigerant circuit shall include:  (a) liquid receiver sized for evaporator pump-out and condenser flooding, 400 psig relief valve, and back-seating liquid service valves, (b) low ambient condenser flooding control, (c) replaceable core type liquid filter-dryer, (d) dryness indicating sight glass, (e) refrigerant charging valve and (f) suction accumulator.

E.
Each control panel shall be UL approved and labeled, shall have a weather-resistant enclosure, and shall include:  (a) main power circuit breaker type disconnect switch with door-mounted handle, (b) 115 volt control circuit transformer, (c) compressor, condenser fan(s), evaporator fan(s), and evaporator defrost electric heater contactors with necessary branch circuit protection, (d) room and defrost termination thermostat inter lock circuits with terminal strip for field connection and (e) terminals, fuses and relays.  Circuit shall be arranged for full automatic operation of the refrigeration system.

F.
Evaporator shall be Krack Model SM-15-556-DX22-ED with mounted thermal expansion valve. Capacity to be 5840 BTUH per one degree f, 8900 cfm.

2.02
AIR COOLED CONDENSING UNIT AND EVAPORATOR - FREEZER

A.
Air  cooled condensing unit shall be Krack Model KBD27ML2H2.  Capacity shall 90800 BTUH at 120 degrees F suction and 95 degrees F ambient air. Entire unit shall be approved by and carry the UL label

B.
Compressor shall be semi-hermetic complete with:  (a) refrigerant-cooled motor, (b) three phase internal motor overheat protection, (c) anti-short cycle delay, (d) crankcase heater, (e) oil level sight glass, (f) back-seating suction and discharge service valves, (g) manual reset oil failure safety switch, (h) manual reset high discharge pressure switch, (i) automatic reset low suction pressure switch and (j) liquid subcooling heat exchanger(s).

C.
Air cooled condenser shall be copper tube, aluminum fins, pressure tested per code, maximum of ten fins per inch, complete with:  (a) direct driven aluminum propeller fans arranged for horizontal air discharge and (b) three phase motors with internal overheat protection.

D.
Refrigerant circuit shall include:  (a) liquid receiver sized for evaporator pump-out and condenser flooding, 400 psig relief valve, and back-seating liquid service valves, (b) low ambient condenser flooding control, (c) replaceable core type liquid filter-dryer, (d) dryness indicating sight glass, (e) refrigerant charging valve and (f) suction accumulator.

E.
Control panel shall be UL approved and labeled, shall have a weather-resistant enclosure, and shall include:  (a) main power circuit breaker type disconnect switch with door-mounted handle, (b) 115 volt control circuit transformer, (c) compressor, condenser fan(s), evaporator fan(s), and evaporator defrost electric heater contactors with necessary branch circuit protection, (d) room and defrost termination thermostat inter lock circuits with terminal strip for field connection, (e0 circuit for remote connection of selector switch and thermostat for operation of fans and coil defrost heaters for Heating Mode and (f) terminals, fuses and relays.  Circuit shall be arranged for full automatic operation of the refrigeration system.

F.
Evaporator shall be Krack Model SM-25-842-DX22-EDL with mounted thermal expansion valve. Capacity to be 8420 BTUH per one degree F, 18500 cfm. 

2.03
THERMOSTATS

A.
Thermostats shall be the remote bulb type with 10' capillary.  Range shall be minus 20(F to 100(F.  Differential shall be adjustable, 3(F to 12(F.  Units shall include a reference scale and have provisions for field calibration.  Contacts shall be single pole, double throw and rated for a minimum of 10 amps continuous at 110 volts.

2.04
REFRIGERANT PIPING 

A.
Refrigerant piping shall be in complete accordance with the latest edition of ANSI B31.5, Code for Pressure Piping:  Refrigerant Piping.

B.
Refrigerant piping materials, equipment and work shall be in complete accordance with the latest edition of Safety Code for Mechanical Refrigeration, ANSI / ASHRAE 15.

C.
Piping Materials:

1.
Copper Pipe:  Type "L" hard-temper tubing, ASTM B88, cleaned, dried, and capped. Anaconda "ACR", Mueller "Streamline ACR" or equal.

2.
Copper Joints:  Brazed, 15% silver solder and phos copper.

3.
Copper Fitting:  Wrought copper, one inch and larger shall have silver brazing ends conforming to MIL-F-1183.

4.
Hand Valves, isolation, seal cap ball valve, Superior or equal.

2.05
PIPE ANCHORS

A.
Provide securely supported pipe anchors in order to obtain free expansion, contraction and freedom from vibration under all conditions of operation.  Anchors and method of installation shall be approved by Engineers prior to installation.

PART 3 – EXECUTION

3.01
PIPE HANGERS AND SUPPORTS

A.
Provide hangers and supports required for piping and equipment installed under this section of the specifications.  Provide beam clamps, hanger rods, concrete inserts, self‑drilling concrete anchors, etc., required for the work.  Provide Seismic Bracing as necessary.

B.
Neatly and securely support piping at such intervals to prevent sagging and so that excessive loads will not be placed on any one hanger.  Do not support piping from other piping.  Independently support piping at pumps, tanks, equipments, etc. so that its weight is not supported by the equipment.

C.
Support single pipe runs at intervals not to exceed 8 ft.

D.
Supports shall consist of heavy duty side I‑beam clamps fastened to structural members only, rods and clevis type hangers.  Where no structural member exists for fastening beam clamps, provide intermediate steel framing at bar joist panel points only.

E.
Hangers for single runs of piping 3" and under shall be adjustable clevis hanger type.  Perforated iron bands, or punched hole strap material will not be approved.  Provide one (1) additional hanger at every change of direction of piping.

F.
Rods shall be solid galvanized steel threaded a maximum of 3 in. at each end for adjustment and leveling.  Rods shall be full size of the holes in the hangers.  Where bolt adjustments are impractical, use turnbuckles between two lengths of rod.  Size hanger rods as follows:

Size of Pipe

Size of Rod
3/4" ‑ 2"



3/8"

2‑1/2" ‑ 3"



1/2"

4" ‑ 5"



5/8"

6"




3/4"

8" ‑ 12"



7/8"

14" and over


1"

G.
Support parallel runs of piping (two or more) by means of trapeze hangers, constructed of galvanized angles and "I" beams.  Install  hangers on 8 foot maximum centers.

H.
Trapeze hangers shall consist of galvanized steel members complete with rods, nuts, end clamps and intermediate steel framing required for fastening to structural members.  Hangers shall permit vertical adjustment and shall be of adequate width to accommodate piping.

I.
Prior to installation, thoroughly clean and scrape trapeze hangers of dirt and rust.  Apply one (1) brush coat of rust preventative primer to surfaces.

J.
Set hangers to afford proper pitch of piping, anchorage and expansion. Hangers shall be of sufficient size on uninsulated pipes to accommodate the pipe.  Hangers on piping which is to be insulated shall be of such size to adequately accommodate the pipe plus the insulation thickness. Block piping which is to be insulated to the center of the hanger so as to enable insulation to be applied completely around the pipe.

K.
Support vertical risers and stacks on extra heavy chair fittings with wrought iron brackets securely bolted to the framing.  Brace vertical piping with offset pipe clamps at least every 10 ft.

L.
Install piping mains, branches and runouts to allow for free expansion and contraction without developing leaks.  Absorb expansion in piping systems utilizing swings and offsets.

M.
Side wall angle type supports shall NOT be used except where specifically indicated on the Drawings.

3.02 REFRIGERANT PIPING INSTALLATION


A.
Pitch refrigerant pipes per elevations as shown on drawings.  

B.
Pockets and unnecessary traps will not be allowed.

C.
Procedure for joints shall be in accordance with procedures as outlined in "Copper Tube Handbook", published by the Copper Development Association Inc., except that during the brazing operation, the tubing shall be protected from forming an oxide film on the inside of the tubing by slowly introducing dry nitrogen to expel the air.  Procedure qualifications shall conform to ANSI B31.5.

3.03
TESTING REFRIGERANT SYSTEMS

A.
The high pressure side of the system shall be tested with dry nitrogen at 300 psig.

B.
The low pressure side of the system shall be tested with dry nitrogen at 150 psig.

C.
Controls and other equipment or apparatus that may be damaged by the test pressure employed shall be removed or made inoperative before the tests are made and the openings  shall be plugged or capped.

D.
A pressure limiting or reducing valve with pressure gauge shall be used on the high pressure gas tank to limit the pressure in the system to the test pressure.

E.
With the system charged to the required pressure(s), including a small amount of refrigerant as a tracer, the gas supply shall be tightly shut off and the system held for four hours.  Owner shall witness pressure test and shall be notified 48 hours in advance.

F.
Check all piping and joints with a halide torch or electronic leak detector and use a mixture of liquid soap and glycerin to pinpoint leaks.

G.
Repair and retest until there is no pressure loss not attributable to temperature changes (P1T2 = P2T1, in absolute unit.  T - Tf ( 460 P=P guage + 14.7).

H.
Discharge test pressure and proceed immediately to "Evacuation" per specifications.

3.04
EVACUATING REFRIGERATION SYSTEMS

A.
After completion of testing of refrigerant system for leaks, remove all air and moisture from the system by using a high vacuum pump.  The pump shall be capable of reducing the absolute pressure in the system to a point where any water present in the lines will vaporize at a temperature appreciably below the ambient temperature and will be withdrawn from the system.  Before conducting the evacuation test, inspect the vacuum pump oil for purity and provide new oil charge if existing charge is contaminated.  Evacuate the system to a maximum absolute pressure of 0.020 inches of Mercury (500 microns) or lower.  During the evacuation, the ambient temperature shall not be less than 35 degrees F.  Electronic instruments shall be used for measurement of pressure.  Upon achieving evacuation of system, valve off the vacuum pump from the system for a period of at least 6 hours.  The system shall be considered tight and dry and free of air if the absolute pressure has not increased by more than 200 microns at the expiration of this period.  Repeat  the pressure test if the pressure rise exceeds 200 microns, which indicates a leak in the system or presence of moisture.  If no leaks are found, resume the evacuation test and continue until dryness of system is achieved.  When a satisfactory vacuum has been obtained, it shall be broken with the introduction of dry nitrogen and charged to a pressure of 15 psig.  A holding charge of 15 psig shall be maintained until the system is charged with refrigerant.

3.05
CHARGING REFRIGERATION SYSTEMS

A.
Furnish and place a full charge of refrigerant into systems.  Evacuate the 15 psig nitrogen holding charge.  Break the vacuum with refrigerant gas and charge the system by connecting cylinders of refrigerant to the system charging connection, to feed liquid refrigerant into the low side of the system where it will be evaporated.  Record the weight of refrigerant charged into each system.  The charging connection shall be loosely connected to the system connection so that the initial flow of refrigerant will purge the air.  After purging, the charging connection shall be tightened and charging continued.  After the system vacuum has been broken, the compressor shall be started and operated.  Operate the condenser and evaporator fans.  Do not permit the compressor discharge to become excessive.

B.
Check the refrigerant charge(s) and system(s) operation during extremes of ambient temperature.  With the Owner's representative, verify the operation(s) and charge(s) when:

1.
The ambient temperature is 95F or higher.

2.
The ambient temperature is 40F or lower.

3.06
REFRIGERATION SYSTEM START-UP AND OPERATION

A.
General operating tests shall cover a period of not less than four (4) continuous days and shall demonstrate that system and equipment is functioning in accordance with drawings and specifications and to the satisfaction of the Owner's representative.

B.
During the demonstration and break-in period perform the following:

1.
Maintain refrigerant charge as required to balance out system with operating conditions.

2.
Adjust and balance refrigeration systems controls.

3.
Check, clean and maintain in operating condition, strainers, valves and other components of refrigeration system.

4.
Adjust balance valves and automatic valves to the proper refrigerant flow and operating pressures.

5.
Instruct Owner's personnel in the operation of the system.  Provide an instructor for 8 hours (one 8 hour shift) whose sole responsibility shall be the training of system operating and maintenance personnel.

3.07
 WARRANTY CARDS

A.
Remove warranty cards from compressors, revalidate with date that each compressor system is placed into operation and return to manufacturer.  Provide photostatic copy to Owner's representative.

3.08
RECHECK OF PIPE HANGERS AND SUPPORTS

A.
While the system is operating and all areas are at design temperature, with the owner's representative, recheck all pipe hangers and supports to insure:

1.
All insulation protectors and shields are in place and centered on supports.

2.
All pipe is being supported at all support points.

3.
All hanger rods, anchors, and supports are firmly secured and locked in place.

B.
Correct as required.

3.09
CLEANING AND PROTECTION

A.
Throughout the construction period, protect the pipe, valves, equipment, etc. from intrusion by rain, dirt, and foreign matter and from damage of any kind.  Maintain work and supply area in a neat, orderly and broom clean condition.  protect all surfaces from damage.  At the completion of charging and before start-up thoroughly clean under, around, behind, and on top of all equipment and piping.  Replace with new material, any damaged work and touch up paint on equipment without additional cost, so that the entire installation will be left in new condition, satisfactory to the Owner's representative.

3.10
GUARANTEE

  
A.
The Contractor shall guarantee all material, equipment and work, including ammonia, glycol and oil charges, for a period of one year from the date of acceptance of the contract; any defects due to defective equipment, material or workmanship within the period shall be promptly replaced or repaired by the Contractor without charge.
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