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LIQUID-TO-LIQUID HEAT EXCHANGERS
GENERAL
SUMMARY
Section includes liquid-to-liquid tube-and-shell heating water exchangers (converters) and storage-tank industrial water heaters. 
DEFINITIONS
TEMA:  Tubular Exchanger Manufacturers Association
PSI: pounds per square inch
PSIG:	pounds  per square inch gauge (pressure above standard atmospheric pressure)
Deg-F,°F:	Degrees Fahrenheit – temperature
HTW: High Temperature Water (water operating at a supply temperature of greater than 350°F)
HW - Heating Water 
DHW - Domestic Hot Water
IHW - Industrial Hot Water
PTFE: polytetrafluoroethylene, often with the trade name Teflon®
DFT: Dry Film Thickness
SSPC: Society for Protective Coatings (formerly Steel Structures Painting Council) 
ACTION SUBMITTALS
Product Data:  Include rated capacities, operating characteristics, furnished specialties, and accessories.
Shop Drawings:  Signed and sealed by a qualified professional engineer.  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
Design Calculations:  Calculate requirements for selecting seismic restraints and for designing bases.
Base Details:  Detail fabrication including anchorages and attachments to structure and to supported equipment.
Coordination Drawings:  Equipment room, drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:
Tube-removal space.
Structural members to which heat exchangers or storage tank will be attached.
Manufacturer Seismic Qualification Certification:  Submit certification that heat exchanger and storage tank, accessories, and components will withstand seismic forces defined in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment.". Include the following:
Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
The term "withstand" means the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."
Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
A detailed description of equipment anchorage devices on which the certification is based and their installation requirements
CLOSEOUT SUBMITTALS
Operation and Maintenance Data:  For heat exchanger and storage tanks to include in emergency, operation, and maintenance manuals
QUALITY ASSURANCE
Product Options:  Drawings indicate size, profiles, performance, and dimensional requirements of heat exchanger and storage tanks and are based on the specific equipment indicated  
ASME Compliance:  Fabricate and label heat exchanger and storage tanks to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, "Pressure Vessels," Division 1.
Tubular Exchanger Manufacturers Association Class: Constructed to TEMA standards  
WARRANTY
Special Warranty: Manufacturer agrees to repair or replace components of heat exchangers that fail in materials or workmanship within specified warranty period.
Failures include, but are not limited to, the following:
Structural failures, including heat exchanger, storage tank, and supports.
Faulty operation of controls.
Deterioration of metals, metal finishes, and other materials beyond normal use.
Warranty Periods: From date of Substantial Completion.
Shell-and-Tube Heat Exchangers:
Tube Coil:  Two years.
Other Components:  Two years.
Gasketed-Plate Type;  Two years.
PRODUCTS
MANUFACTURERS
The following requirements apply to product selection:
Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01. Specific procedures must be followed before use of an unnamed product or manufacturer.  
Manufacturers:
API Heat Transfer Inc.
Diversified Heat Transfer
Howard’s Engineering Heat Transfer Products Corp
Standard Xchange
WCR Incorporated
Or equal.
HTW TO HEATING WATER SHELL-AND-TUBE HEAT EXCHANGERS (CONVERTERS) 
Configuration:  Removable tube bundle with HTW in the tubes and HW in the shell.  Provide horizontal heat exchanger with tubes removed from the front. Arrange heating water nozzle connections for clean and uncluttered piping installation. Where two units are required, stackable arrangement may be provided, with approval from the University. 
Construction:
Fabricate and label heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.
Fabricate shell-and-tube heat exchangers to comply with "TEMA Standards."
Shell: 
Materials:	Carbon Steel, with 0.125-inch corrosion allowance or 316L stainless steel with 0.03125-inch corrosion allowance. Nominal shell wall thickness shall not be less than 0.25 inch. 
Rating: ASME rated for 150 psig at 450°F 
Shell Connections:		
Class 150 ANSI, ASTM A105, Grade II, ASME B16 forged steel or stainless steel weld neck flanges. Provide flat or raised face to match shut off valves or flanged piping connections. 
Reinforced (Thredolet® or equal) threaded relief valve, drain, temperature sensor, and vent connections. Half-couplings or other unreinforced connection methods are prohibited. Minimum vent size is ¾-inch NPS. Minimum drain size is 1-inch NPS. 
Threaded or flanged pressure relief valve connection
Ensure that all connected devices and flanges have sufficient clearance for field insulation without tapering or other makeshift methods.
Test Pressure:	300 psig at 75°F
Front Channel or Bonnet:
Materials:  Fabricated steel.
Piping Connection:	 Class 300 ANSI Raised Face, ASTM A105, Grade II, ASME B16 forged steel weld neck flanges.
Shell Connection:	Flanged and bolted to shell.
Arrangement:	Front Channel or Bonnet shall be removable without affecting gasket between the tube sheet and the shell.
Tubes:
316L Stainless-steel, or titanium 
Diameter:	½, ⅝, or ¾-inch. 
Thickness:	0.049 inch for stainless steel and 0.035 inch for titanium.
Arrangement: Allow for mechanical cleaning of the exterior of the tube bundle, which requires Square (90°) or Rotated-Square (45°). Minimum clearance between tubes shall be ¼-inch. 
Configuration:	U-tube or straight tube floating head 
Rating:	ASME Maximum Allowable Working Pressure 400 psig at 450°F
Test Pressure:	600 psig at 75°F
Tubesheet Material:  316 Stainless steel
Flow Baffles:  316 Stainless steel, or PTFE
Hardware: Bolts, studs, and nuts shall be ASTM A193 Grade B7, and ASTM A194 Grade 2H for carbon steel shells. For stainless steel shells, provide ASTM A193 Grade B8 or B8M, and ASTM A194 Grade 8, 8A, or 8M, or 8MN as required for chemical and mechanical compatibility with the bolts. Ensure assembly without galling or tearing of the threads. Maximum bolt diameter: 1¼-inch. 
Channel Gasket: Spiral wound type 316L stainless steel, non-asbestos filled, with centering guide, Class 300, as manufactured by Flexitallic “ChangeTM,” Garlock, or equal.
Support Saddles:
Fabricate of materials chemically and mechanically compatible with shell.
Fabricate foot mount with provision for anchoring to support.
Saddles shall be independent of shell, welding saddles to shell is prohibited.  
Provide clamp type to secure shell to support saddles with reinforcement strong enough to resist heat-exchanger movement during a seismic event when heat-exchanger saddles are anchored to building structure.  
Saddles shall not interfere with operation of appurtenances. 
Capacity and Characteristics:
General:
Shell Diameter:  Minimum NPS 4.
Heat-Exchanger Tube Bundle Length to Shell Diameter Ratio: 4 to 1, minimum, and 12 to 1, maximum. 
Number of Passes:  two minimum.
Maximum shell diameter: NPS 18. Provide parallel units to achieve capacity instead of larger shells. 
Tube Side:
Fluid:  Chemically Treated High Temperature Water 
Pressure Drop: 35 feet of water, maximum. Coordinate available pressure drop with HTW System design and control valve selection. 
Inlet Temperature for selection purposes: 365°F
Outlet Temperature for selection purposes: maximum 190°F 
Fouling Factor:  0.00025 hour-ft²-°F/Btu
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Fluid:  Chemically Treated Building Heating Water
Design Pressure:  150 psig at 450°F
Test Pressure: 300 psig at 75°F
Pressure Drop:   10 feet of water, maximum
Inlet Temperature:  as specified for project  (commonly 120 to 140°F)
Outlet Temperature:  as specified for project (commonly 160 to 180°F) 
Fouling Factor:  0.0005 hour-ft²-°F/Btu 
Pressure Relief Valves:   ASME rated and stamped.
Shell Finish
Sandblast the exterior of carbon steel shells to SSPC-SP10.  Prime and paint with two coats of high temperature epoxy coating.  Achieve at least eight mils DFT per coat with a final thickness at least 24 mils DFT for complete primer and paint coating. 
Clean and remove all weld spatter and provide a uniform appearance on Stainless Steel Shells. 
HTW TO INDUSTRIAL HOT WATER STORAGE TANK WATER HEATERS 
Configuration:  Storage tank with removable U-tube bundle served by HTW in the tubes and industrial domestic hot water in the shell (tank).  Provide vertical or horizontal storage tank with integral horizontal heat exchanger with tubes removed from the front. 
Construction:
Fabricate and label storage tank heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.
Fabricate tube bundles in accordance with "TEMA Standards."
Designed and stamped in accordance with ASME Code for a working pressure of 175 psig.
Shell (tank): 
Materials:	316L Stainless Steel or 400 series stainless steel suited specifically for use in potable water heating applications, rated for 175 psig at 450°F, with 0.0625-inch corrosion allowance and minimum tank wall thickness of 0.25 inch. 
Piping Connection:		
Class 150 ANSI, ASTM A105, Grade II, ASME B16 forged, stainless steel flanges, chemically compatible with the shell material rated for 150 psig at 450°F.  Class 125 flanges are prohibited.
Reinforced (Thredolet® or equal) threaded relief valve, drain, temperature sensor, and vent connections. Half-couplings or other unreinforced connection methods are prohibited. Minimum vent size is ¾-inch NPS. Minimum drain size is 1-inch NPS. Provide ample clearance to access the drain valve.  
Provide tank connection for DDC temperature sensor to report remotely the tank temperature. 
Ensure that all connected devices and flanges have sufficient clearance for field insulation without tapering or other makeshift methods.
Test Pressure:	225 psig at 75°F.
Front Channel or Bonnet:
Materials:  Fabricated steel.
Piping Connection:	 Class 300 ANSI RF, ASTM A105, Grade II, ASME B16 forged steel weld neck flanges.
Shell Connection:	Flanged and bolted to shell with stainless steel bolts, washers, and nuts.
Arrangement:	Channel or Bonnet shall be removable without impacting gasket between tube sheet and shell.
Tubes:
316L Stainless-steel or titanium, single wall.
Diameter: ½, ⅝, or ¾-inch, determined by manufacturer based on service.
Wall Thickness:  0.049 inch if Stainless Steel or 0.035 inch if titanium
Configuration:	U-tube. 
Arrangement: Allow for mechanical cleaning of the tube bundle, which requires Square (90°) or Rotated-Square (45°). Minimum clearance between tubes shall be at least ¼-inch.
Rating:	ASME rated for operating condition of 400 psig at 450 F.
Test Pressure:	620 psig at 75°F.
Tubesheet Material:  316L Stainless-steel.
Flow Baffles:  316L Stainless steel or PTFE.
Hardware: Bolts, studs, and nuts shall be ASTM A193 Grade B8 or B8M, and ASTM A194 Grade 8, 8A, or 8M, or 8MN as required for chemical and mechanical compatibility with the bolts used to provide the necessary service without galling or tearing of the threads.
Gaskets: Spiral wound type 304 stainless steel, non-asbestos filled, with centering guide, Class 300, as manufactured by Flexitallic, Garlock, or equal.
Piping Connections:  Factory fabricated of materials compatible with heat-exchanger shell.  Attach tapping’s to shell before testing and labeling.
NPS 2 and Smaller:  Threaded ends in accordance with ASME B1.20.1.
NPS 2½ and Larger:  Flanged ends in accordance with ASME B16.5 for steel and stainless-steel flanges and in accordance with ASME B16.24 for copper and copper-alloy flanges.
Provide tank connection for DDC temperature sensor to report remotely the tank temperature. 
Tank Support Legs:
Fabricated of material similar to shell.
Fabricate foot mount with provision for anchoring to support.
Fabricate attachment of tank supports to pressure vessel with reinforcement strong enough to resist storage tank movement during seismic event when tank supports are anchored to building structure.
Tanks shall have legs with ample clearance for accessing the bottom drain valve. 
Circular mounting stands are prohibited. 
Capacity and Characteristics:
General:
Shell Diameter:  Minimum 6” NPS.
Heat-Exchanger Length:  Maximum 96-inches, diameter ratio 4 to 1 minimum, 12 to 1 maximum.
Number of Passes:  two minimum.
Tube Side:
Fluid:  Chemically Treated High Temperature Water 
Pressure Drop:  35 feet of water, maximum. Coordinate available pressure drop with HTW System design and control valve selection. 
Inlet Temperature for selection purposes: 365°F
Outlet Temperature: Maximum 190°F for tank type unit or 120°F for heat exchanger type with mixed cold-water inlet to the exchanger at peak design load. 
Fouling Factor:  0.0005 hr-ft²-°F/Btu.
Shell Side:
Fluid:  Industrial Water
Pressure Drop:   10 feet of water, maximum
Inlet Temperature:  60°F
Outlet Temperature: as specified for project (typically 140 to 180°F)
Fouling Factor:  IHW 0.002 hr-ft²-°F/Btu for hard water and 0.0005 hr-ft²-°F/Btu for softened water service, which is regularly provided for industrial hot water. Consult with the University prior to selection. 
Pressure and Temperature Relief Valves:  Stainless steel, Bronze or Brass, ASME rated and stamped.
Shell shall be electro-polished after fabrication for maximum corrosion resistance. 
Provide tank internal circulation pump with each unit.  Pumps, fittings, valves, and piping shall be stainless steel construction.  Piping shall be minimum ¾-inch NPS.  Provide control panel with dry contacts for remote reporting of pump failure. 
STORAGE TANK CONTROL AND SAFETY
Tank temperature control:
Manufacturers:
Powers Process Controls
Or equal.
Model: Accritem 744-1271
Storage tank temperature sensor shall be installed in tank.
Configuration:  Rigid stainless steel bulb.
Action: Reverse action 
Control Valve:  
Conventional, pneumatically operated globe, angle, or Vee-ball control valve without positioner taking a 0-15 psig signal directly from the Accritem controller. 
High temperature control valves shall comply with requirements as specified within Division 23 without electro-pneumatic positioners.
Over temperature safety.
Provide line voltage high limit temperature switch with sensor mounted in highest part of tank.  Temperature switch shall be adjustable. 
Provide independent 3-way, normally closed solenoid valve to shut off and bleed off compressed air to the control valve in the event of tank water over temperature. Provide indicator light at control panel and contact for building automation connection to indicate alarm condition. Adjustable over temperature device shall start at 160°F and stop at 140°F, or as directed. 
Provide normally open solenoid operated water dump valve and flow limiter to dump the tank water at 7½ gpm to the nearest indirect waste through a drain cooling valve. Dump valve shall open when over temperature device is activated.  Drain cooling valve shall be a Thermomegatech DTV rated for cooling 10 gpm of 180°F water to 140°F, using 70°F cooling water. 
Provide conventional Temperature and Pressure safety valve with relieving capacity rated for 150% of the heat input rating. 
SOURCE QUALITY CONTROL
Factory Tests:  Test and inspect heat exchanger and storage tanks in accordance with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.  Affix ASME label.
Heat exchanger and storage tanks will be considered defective if they do not pass tests and inspections.
Prepare test and inspection reports.
EXECUTION
EXAMINATION
Examine areas for compliance with requirements for installation tolerances and for structural rigidity, strength, anchors, and other conditions affecting performance of heat exchanger and storage tanks.
Examine roughing-in for heat-exchanger piping to verify actual locations of piping connections before equipment installation.
Proceed with installation only after unsatisfactory conditions have been corrected.
INSTALLATION
Install shell-and-tube heat exchangers on saddle supports with provisions to drain shell (tank).
Install shell-and-tube heat exchangers and storage tanks on concrete base.  <Concrete base is specified in Division 23 Section "Common Work Results for HVAC," and concrete materials and installation requirements are specified in Division 3.>
Concrete Bases:  Anchor heat exchanger supports and storage tanks to concrete bases.
Coordinate sizes and locations of concrete bases with actual equipment provided.
Construct bases to withstand, without damage to equipment, seismic force required by code.
Construct concrete bases minimum 6 inches high and extend base not less than 6 inches in each direction beyond the maximum dimensions of heat exchanger storage tanks unless otherwise indicated or unless required for seismic anchor support.
Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around full perimeter of base.
For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
Install anchor bolts to elevations required for proper attachment to supported equipment.
Ensure equipment support feet make complete contact with concrete base or grout. 
<Cast-in-place concrete materials and placement requirements are specified in Division 03.>
Heat-Exchanger Supports:  Use factory-fabricated steel cradles and supports specifically designed for each heat exchanger and storage tank.
Coordinate the tank and heat exchanger insulation in accordance with Division 22 or 23 Insulation specifications and provide clearance for operation of valves and appurtenances. 
CONNECTIONS
Comply with requirements for piping specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
HTW connection piping shall conform to ASTM A106 or A53 Grade B pipe.  Pipe 2 inch and smaller shall be Schedule 80, and 2½-inch and larger shall be Schedule 40.  
Maintain manufacturer's recommended clearances for service and maintenance.  Install piping connections to allow service and maintenance of heat exchangers.
Install shutoff valves at heat-exchanger inlet and outlet connections.
Install relief valves on heat-exchanger heated-fluid connection and install pipe relief valves, full size of valve connection, to safe location. Support relief valve piping so that no strain is transferred to the relief valve body.
Install manually operated ball valve to vent shell (tank).
Install ball valve to drain shell. Pipe drain to nearest floor sink or drain.  Arrange drain piping neatly and minimize tripping hazards. 
Piping:  Design, support, and install HTW piping, and relief piping so that gravity and thermal expansion loads are not transferred to the heat exchanger or storage tank points of connection.  Installation and piping accessories shall comply with the high temperature heat exchanger details. 
Install thermometers and pressure gages in accordance with Campus Standard details. 
Pipe and Valve materials and placement requirements are specified in Division 23.
FIELD QUALITY CONTROL
Perform the following tests and inspections:
Leak Test:  After installation, charge system and test for leaks.  Repair any piping leaks and retest until no leaks exist.  Heat exchanger and storage tank manufacturer’s service representative shall repair any leaks to shell or tubes.
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
Prepare test and inspection reports.
CLEANING
After completing installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.
COMMISSIONING
Verify that heat exchangers and storage tanks are installed and connected in accordance with the Contract Documents.
Adjust flows and controls to deliver specified performance.
Test and adjust controls and safeties.  Ensure that independent solenoid operated air shut off and bleed systems work at setpoints. Ensure that the required automation system alarms are generated and visible at the UCI Central Plant Control Room. Ensure that the manual resets work as designed. Replace damaged and malfunctioning controls and equipment and test again. Repeat this process until all controls function to the complete satisfaction of the University.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain heat exchangers as specified below:
Train University's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining heat exchangers.
Review data in maintenance manuals.  Refer to Division 01.
Schedule training with University’s Representative with at least 14 days' advance notice.
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