Pipe Insulation	



�4 List



(	Is the temperature of the pipe to be insu�lat�ed extremely hot or cold?  If so, follow specific insulation requirements.



(	Is the insulation exposed?  If so, specify a vapor seal or jacket.



(	Are the joints staggered and the end joints wrapped to prevent damage to the insulation?



	Insulation is required on piping to conserve energy and prevent condensation. The extent of insulation is determined by economics, energy conservation, and condensation prevention considerations.  Insulation containing asbestos shall not be used.  See the ASHRAE Handbook of Fundamentals, Chapter 20, for charts and tables indicating required insulation thickness to prevent condensation at various operating temperatures and ambient dew point temperatures.  For guidance criteria, see U.S. Department of Defense (DoD) 4270.1-M.  For insulation requirements, see the NAVFAC Guide Specifications.



	The amount of lost energy from pipes depends on the difference in temperature between the pipe and its surroundings (air, masonry, or soil; indoors or outdoors; exposed or protected).  For example, a steam pipe exposed to winter air loses more energy than a steam pipe underground because the soil surrounding the under�ground pipe has a more moderate temperature and greater insu�lating effect than the cold winter air.



	Insulation is also used on piping to prevent condensation if surface condensation or icing is expected, regardless of heat gains or losses.  The insulation thickness required to prevent condensation or icing is based on expected operating temperatures.  Wherever insulation is used to prevent condensation, use a suitable vapor barrier on the warm side of the insulation to prevent absorption of moisture by insulation and equipment corrosion.  All chilled-water piping from a central drinking water cooling system must be insulated with vapor barrier-type insulation to prevent condensation.



	Insulate refrigerant piping when operating temperatures are below 60o F.  Insulate refrigerant suction lines, pipe fittings and valves.  Cover fittings and valves with an equivalent thickness of insulation material.  Seal joints with vapor barrier tape or sealer.  Do not expose the surface of the insulation in refrigerated spaces.  Outdoor installation requires a waterproof protective covering.  Design insulation jackets to drain that are located in waterfront or other locations subject to flooding; they should not be watertight.



�





	Hot water systems using a circulating pump are insulated to limit the heat loss to a maximum of 17.5 BTU per hour per linear foot.  In a heat recovery system, insulate all hot gas refrigerant pipes located outdoors with waterproof insulation that is a minimum of 1” thick and 0.27 "K".



	Although insulating water pipes, tanks, and cooling towers does not prevent water from freezing, these devices are insulated, and possibly heat-traced, for protection against damage.  The proper thickness or conductivity factor for this insulation is determined by the design engineer.



	Piping connections to equipment coils and drain pans, valves, and unions are fully insulated and arranged so that all condensation flows to and through the drain pan.  The following types of piping are insulated:



all brine supply and return piping



refrigeration suction piping



drain piping



condenser water piping where insulation is required to protect outdoor piping from freezing or where cooling towers are used year-round



refrigerant discharge piping that comes in contact with people



refrigerant liquid piping where the temperature of the surrounding space is higher than the condensing temperature



	The insulation requirements and maximum heat loss rates discussed in this bulletin are minimum design requirements.  The designer is encouraged to upgrade the quality of insulation if an improvement in system performance can be shown and/or that the insulation is cost effective.  Desirable properties for insulation include low conductivity, easy handling, and resistance to moisture, fungus, decay, and fire.  



	Use NAVFAC Guide Specification (NFGS) -02694 for insulation design for underground heat distribution piping.  Use NFGS-02696 for above-grade steam, condensate, high temperature water, medium temperature water, and low temperature water.  Use applicable sections of NFGS-15250 for other systems.  Insulation thicknesses indicated in NFGS-02696 and in NFGS-15250 are suitable for most geographic locations.  However, in locations where extreme annual temperatures occur, the project designer should evaluate different insulation thicknesses.





Insulation Options



	Use the type of insulation recommended for the pipe’s temperature and location.  Recommended insulation types and vapor barrier requirements for various hot and cold fluids are shown in the accompanying table on page 7.  The vapor seal or jacket may be factory or field applied, depending on the type used.  



	Cellular glass is commonly used in buildings where it is not subject to routine handling or abuse.  It can be used for typical hot and cold piping applications, but is not used for extremely cold refrigerant piping or hot steam or exhaust stack applications.



	Urethane is a common foam insulation, typically provided in 4 foot lengths and used for low-temperature (below 200o F) applications.



	Mineral fiber can be used on most piping, but it is used less commonly than fiberglass because of its higher cost.  Mineral fiber is susceptible to condensation problems.  Do not use it on chilled-water, refrigerant suction, and other cold pipes in high-humidity (tropical) areas.



	Calcium silicate is used for hot piping, but is rigid and requires more labor to install than other insulation.  It is typically used for high-temperature (over 350o F) applications.



	Flexible cellular insulation is used for refrigeration piping where the insulation must be able to withstand extreme cold temperatures and condensation.



	Mineral fiber/cellular glass composite is not used on Navy or Marine Corps building projects.



Minimum Thickness Of Insulation For Steam Piping 



Fibrous Glass Pipe Insulation

��

Nominal

Pipe Sizes

(Inches)�Aboveground Piping Insulation Thickness

(Inches)�Piping in Trenches on Piers Insulation Thickness

(Inches)

��less than 3�3.5�2.5��3 through 4�4.0�3.0��5 through 6�4.5�3.5��8 and larger�5.0�4.0��

Mineral Fiber Pipe Insulation



Mineral fiber pipe insulation having an insulating efficiency not less than the specified thickness of fibrous glass pipe insulation may be used instead of fibrous glass pipe insulation.



Calcium Silicate Pipe Insulation

��





Nominal

Pipe Sizes

(Inches)	�Piping in Tunnels Piping in Manholes Insulation Thickness

(Inches)�Piping Under Piers (Not in Trenches) Insulation Thickness

(Inches)

��less than 3�4.0�5.0��3 through 4�4.5�6.0��5 through 6�5.0�7.0��8 and larger�6.0�8.0��

Cellular Glass Pipe Insulation



Cellular glass pipe insulation having an insulating efficiency not less than the specified thickness of calcium silicate pipe insulation may be used instead of calcium silicate pipe insulation.



�Mineral Fiber Pipe Wrap Insulation



Mineral fiber pipe wrap insulation having an insulating efficiency not less than the specified thickness of fibrous glass pipe insulation may be used instead of fibrous glass pipe insulation for pipe sizes 10 inches and larger.





Minimum Thickness Of Insulation For Pumped Condensate Return Piping



Mineral Fiber Pipe Insulation

��

Nominal Pipe Sizes

(Inches)�Piping in Tunnels Piping in Manholes Insulation Thickness

(Inches)

�Aboveground Piping Insulation Thickness

(Inches)��less than 3�1.5�2.5��3 through 4�2.0�3.0��5 and larger�2.5�3.5��

Fiber Glass Pipe Insulation



	Fiber glass pipe insulation having an insulating efficiency not less than the specified thickness of mineral fiber pipe insulation may be provided instead of mineral fiber pipe insulation for aboveground piping.





Minimum Thickness Of Insulation For Gravity Condensate (Steam) Piping



	Provide 1-inch thick fibrous glass pipe insulation for aboveground piping.  Provide 1-inch thick mineral fiber, calcium silicate, or cellular glass pipe insulation for piping in manholes and tunnels.





Need more information?



Refer to



ASHRAE Fundamentals Handbook, Thermal Insulation and Water Vapor Retarders chapter



Contact



Energy & Utilities Department

Code 24

Naval Facilities Engineering Service Center

Port Hueneme, California xxx



Telephone  805-982-3595

Autovon  551-3595

FAX  805-982-5388



���PRIVATE ��Which insulation is best for this job?  



V = Vapor barrier required   P = Can be used without vapor barrier   NA = Not appropriate

��������Fluid Type�Insulation Type�������	�Cellular Glass�Urethane�Mineral Fiber�Calcium Silicate�Flexible Cellular�Mineral Fiber/ Cellular Glass Composite��Chilled Water

(40o F  nominal)�P�V�V�NA�NA�NA��Domestic Cold Water �P�V�V�NA�NA�NA��Refrigerant Suc�tion Piping (35o F nominal)�

NA�

NA�

V�

NA�

P�

NA��Domestic Hot Water (maximum 200o F)�

P�

V�

P�

NA�

NA�

NA��Heating Hot Water (maximum 250o F)�P�NA�P�P�NA�NA��Compressed-Air Discharge, Steam and Condensate Return (201o F to 250o  F)�



P�



NA�



P�



P�



NA�



NA��Medium-Tempera�ture Hot Water, Steam and Con�densate (251o F to 350o F)�



P�



NA�



P�



P�



NA�



NA��High-Temperature Hot Water and Steam (351o F to 700o F)�

NA

�

NA�

P�

P�

NA�

NA���Guide Specifications for Purchase 



	Note:  This specification excerpted from NAVFAC Guide Specification 02696.



	Products containing asbestos will not be permitted. Obtain Contracting Officer's written approval of piping systems prior to the application of insulation.  Insulation shall be clean, dry, and installed prior to the application of insulation jacket.  Do not use short pieces of insulation and jacket materials where a full length section will fit.  Provide insulation materials and jackets with smooth and even surfaces, with jackets drawn tight, and secured on longitudinal and end laps.  Insulate fittings and piping accessories with premolded, precut, or field-fabricated pipe insulation of the same pipe insulation material and thickness as the adjoining pipe insulation.  Provide unions, flanges, valves, and piping accessories with removable (snap-on) sections of insulation.  Provide insulation continuous through pipe hangers and pipe supports.  Do not step on or walk on insulation or jacket.



	Provide new piping insulation and existing piping insulation affected by Contractor's operations with aluminum jacket.  Machine cut the jacket to produce a straight, smooth edge.  Lap longitudinal and circumferential seams not less than 2 inches.  Install jackets on horizontal piping with the longitudinal seam approximately midway between horizontal centerline and the bottom side of pipe.  Install with the top edge of jacket overlapping the bottom edge of jacket and with the seam of each jacket offset from the seam of the adjacent jacket.  Install jackets on vertical piping and on piping pitched from the horizontal from low point to high point so that the lower circumferential edge of each jacket overlaps the jacket below it.  Provide factory prefabricated covers for insulation on fittings, valves, and flanges.  Finish jackets neatly at pipe hangers and pipe supports.  Terminate jackets neatly at the ends of unions, valves, traps, and strainers.  Secure jacket with stainless steel bands spaced not more than 8 inches on center.



	Additional Requirements for Insulated Piping Under Piers:  Provide one layer of asphalt-saturated felt over the insulation prior to installing stainless steel jacket.



	Under Pier Stainless Steel Jacket:  In addition to the above requirements for aluminum jackets, secure longitudinal and circumferential seams with stainless steel screws spaced not more than 4 inches on centers.  At approximately every 20 linear feet of piping, lap the circumferential seams not less than 6 inches; omit the screws.



	Fibrous Glass Pipe Insulation



	ASTM C 547.  Install in accordance with the manufacturer's recommendations.



	Mineral Fiber Pipe Insulation



	ASTM C 547.  Install in accordance with the manufacturer's recommendations.



	Calcium Silicate Pipe Insulation



	ASTM C 533.  Install in accordance with the manufacturer's recommendations, except as modified herein.  Secure with not less than 0.375-inch width fibrous glass reinforced waterproof tape or stainless steel bands spaced not more than 8 inches on centers.  Provide one layer of asphalt-saturated felt over the insulation prior to installing aluminum jacket.  Factory-applied polyethylene and kraft paper moisture barrier will not be permitted as a substitute for the asphalt-saturated felt.



Cellular Glass Pipe Insulation



	ASTM C 552.  Install as specified for calcium silicate pipe insulation. 



Polyurethane and Polyisocyanate Pipe Insulation



	ASTM C 591, minimum density of 1.7 pcf.  Install only on aboveground pumped condensate (hot water) return piping in accordance with the manufacturer's recommendations.



Mineral Fiber Pipe Wrap Insulation



	ASTM C 547 for material, minimum density of 2.3 pcf.  Install in accordance with the manufacturer's recommendations.



Aluminum Jacket



	ASTM B 209, Temper H14, minimum thickness of 0.016 inch, with factory-applied polyethylene and kraft paper moisture barrier on inside surface.  Provide smooth surface jackets for jacket outside diameters less than 8 inches.  Provide corrugated surface jackets for jacket outside diameters 8 inches and larger.  Provide stainless steel bands, minimum width of 0.5 inch.  Provide factory prefabricated aluminum covers for insulation on fittings, valves, and flanges.



Asphalt-Saturated Felt



	ASTM D 226, without perforations, minimum weight of 10 pounds per 100 square feet.  Apply felt with longitudinal and circumferential seams lapped not less than 6 inches.  Secure with not less than 0.5-inch width stainless steel bands spaced not more than 8 inches on center.



Stainless Steel Jacket



	ASTM A 167 or ASTM A 240; Type 304, minimum thickness of 0.010 inch, smooth surface with factory-applied polyethylene and kraft paper moisture barrier on inside surface.  Provide stainless steel bands, minimum width of 0.5 inch.  Provide factory prefabricated stainless steel covers for insulation on fittings, valves, and flanges.
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