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3-A/P3-A
It is the purpose of the Pharmaceutical 3-A (P3-A) Steering Committee in connection with the development of the P3-A Sanitary Standards Program to allow and encourage full freedom in inventive genius or new developments.  Heat exchangers and materials for use in Process Equipment and Systems used as product contact surfaces for pharmaceutical equipment and systems heretofore or hereafter developed, which so differ in design, materials, and fabrication or otherwise as not to conform to the following standards but which, in the manufacturers’ opinion, are equivalent or better, may be substituted for the joint consideration of the P3-A Steering Committee and 3-A Sanitary Standards, Inc. at any time.  The P3-A Sanitary Standards and P3-A Accepted Practices provide hygienic criteria applicable to equipment and systems used to produce and package active pharmaceutical ingredient(s).  Standard English is the official language of P3-A Standards and P3-A Accepted Practices. 

A
SCOPE
A1
These standards cover the aspects of both shell and tube type and plate and frame type heat exchangers pertinent to pharmaceutical ingredients; both API (active pharmaceutical ingredient) and final product manufacturing.  This standard does not cover shell and tube type heat exchangers with agitation.
A2
In order to conform to these P3‑A Standards, heat exchangers shall comply with the following design, materials, and fabrication criteria.

A3
Equipment will wear and undergo changes from like-new condition. Selection of materials, finishes, and fabrication methods shall be based upon understanding of the environment of intended use.  The owner/user shall accordingly be responsible for the final selection of materials of construction and surface finishes and associated rationales with regard to product safety, strength, identity, quality, and purity.

B 
NORMATIVE REFERENCES

 (Use the latest revision at the time of order unless agreed otherwise)

B1
P3-A 001 Standard Terminology Relating to Equipment Used in the Manufacture of Active Pharmaceutical Ingredients
B2
P3-A 002 Sanitary/Hygienic Standards for Materials for Use in Process Equipment and Systems
C
MATERIALS

C1
Metallic and non-metallic product or indirectly wetted contact surfaces shall be specified by the user from among the metals listed in P3-A 002. Materials shall be suitable for all phases of the process, including cleaning without disassembly or removal.

C2
Elastomer and elastomer-like materials and plastic materials shall be specified by the end user, and, in their intended use shall be non-toxic and non-absorbent.  Materials shall be suitable for all process phases identified in the data sheets, including clean in place (CIP) or sterilize in place (SIP). 

C3
Elastomer and elastomer-like materials and plastic materials having product contact surfaces shall retain their surface and conformational characteristics. 

C4
Lubricants intended for use during assembly shall meet the requirements of P3-A 002.

C5
Adhesives shall be USP Class VI compliant.

C6
All materials will be new unless otherwise specified.

D
DESIGN


The purpose of this standard is to establish minimum requirements.  Customer specific details and / or more stringent requirements are contained on the data sheet.

D1
Surfaces

D1.1
As cast surfaces are not acceptable unless otherwise specified by the customer.  Special surface finishes shall be clearly specified on the attached Data Sheet, Appendix E & F, if required. Product contact surfaces shall be sufficiently smooth so as to be drainable.

D1.2
Non-product contact surfaces shall have a smooth finish, free of pockets and crevices, and be readily cleanable.  Those surfaces to be coated shall be effectively prepared for coating.

D2
Permanent Joints

D2.1
All permanent joints in metallic product contact surfaces shall be continuously welded.  Welded areas on product contact surfaces shall be at least as smooth as a 25Ra finish or as specified on the Data Sheet and be free of imperfections such as pits, folds, and crevices when in the final fabricated form. 

D2.2
Connections shall have a full penetration welds ground flush on the product contact surface.  Product contact surface shall be at least as smooth as a 25Ra finish and be free of imperfections such as pits, folds, and crevices.
D3 
Coatings

D3.1
External coatings shall meet the requirements of P3-A 002.  Internal coatings are not allowed.

D4
Cleaning Verification
D4.1
Heat exchangers that are to be cleaned shall be designed so that the product contact surfaces are accessible or removable for cleaning verification or validation. 


Accessible: Shall mean a location that can be safely reached by personnel for heat exchanger disassembly.

D5
Draining
D5.1
All product contact and wetted surfaces shall be drainable without disassembly or removal.

D6
Gaskets  
D6.1
Gasket retaining grooves in product contact surfaces for removable gaskets shall not exceed 1/4 in. (6.35 mm) in depth or be less than 1/4 in. (6.35 mm) wide except those for standard 0-rings smaller than 1/4 in. (6.35 mm), and those provided for in Table 1.

D6.2
Gaskets, when used within the heat exchanger shall be self positioning. Mating surfaces shall be within 1/16 inch. 

D7
Radii for Plate and Frame Type Heat Exchangers
D7.1
All internal angles of less than 135° on product contact surfaces shall have radii of not less than 1/8 in. (3.18 mm) except that:

D7.1.1
Internal angle radii of not less than 1/32 inch (0.794 mm) may be used on the surface of heat transfer plates, on any product contact surface of any gasket, in the gasket retaining grooves on plates, including those for ports and those at the periphery, and at the plate projections used to retain snap-in type gaskets.
D7.1.2
Radii of less than 1/32 inch are permitted in grooves or corrugations on plate product contact surfaces provided that: the depth (D) of the grooves with radius (R) shall not exceed two thirds of the radius (R), and the internal angle formed by the radius (R) is at least 102 degrees. (See Appendix I for further illustration.)

D7.1.3
Minimum radii requirements are not applicable for internal angles formed between heat transfer plates and their installed gaskets.

D7.1.4
Radii in standard O-ring grooves shall be as specified in Table 1 below.
D7.1.5
Radii in nonstandard O-ring grooves shall be those radii closest to a standard O-ring as specified in Table 1

D8
Radii for Shell and Tube Type Heat Exchangers
D8.1
All internal angles of less than 135° on product contact surfaces shall have minimum radii of 1/4 in.(6.35 mm), except that:

D8.1.1
The radii in grooves in gaskets or in gasket retaining grooves shall be not less than 1/8 in. (3.18mm), except for those for standard 1/4 in. (6.35mm) and smaller O-rings, and those provided for in D5.1 and D6.1.
D8.1.2
When the thickness of one or both parts joined is less than 3/16 in. (4.76 mm), the minimum radii for fillets of welds on product contact surfaces shall be not less than 1/8 in. (3.18 mm).

D8.1.3
Smaller radii may be used for tube spacers, tube spacer weldments, tube cross-sectional profile modifications, and weldments on removable devices for promotion of desired flow characteristics. In no case shall the radii be less than 1/16 in. (0.397 mm.)

D8.1.4
Radii in standard O-ring grooves shall be as specified in Table 1

D8.1.5
Radii in nonstandard O-ring grooves shall be those radii closest to a standard O-ring as specified in Table 1

	TABLE 1 - Groove Radii Dimensions for Standard O-Rings

	O-Ring Cross Section, Nominal (AS 568
)
	O-Ring Cross Section, Actual (AS 568)
	O-Ring Cross Section, Actual (ISO 3601-1
)
	Minimum Groove Radius

	1/16 in.

3/32 in.

1/8 in.

3/16 in.

1/4 in.
	0.070 in.

0.103 in.

0.139 in.

0.210 in.

0.275 in.
	1.80 mm

2.65 mm

3.55 mm

5.30 mm

7.00 mm
	0.016 in. (0.406 mm)

0.031 in. (0.787 mm)

0.031 in. (0.787 mm)

0.062 in. (1.575 mm)

0.094 in. (2.388 mm)


D8
Threads 
D8.1
There shall be no exposed threads on product contact surfaces.

D9
Sterilization Systems 

D9.1
Heat exchangers designed to be used in a processing system to be sterilized by heat shall comply with the following:

D9.1.1
Where steam or other sterilizing medium is used, the connection(s) on the heat exchangers shall be such that the steam lines or other sterilizing medium lines can be securely fastened to the equipment.

D9.1.2
In a processing system to be sterilized by heat and operated at a temperature of 250F (121C) or higher, all heat exchangers to be used shall be designed and constructed such that they can be (1) sterilized by saturated steam or water under pressure (at least 15.3 psig or 106 kPa) at a temperature of at least 250F (121C), and (2) operated at the temperature required for processing.

D10 
Leak Detector Groove 
D10.1 
Plate and Frame type heat exchangers shall be provided with a leak detector groove of sufficient width to be readily cleanable and open to the atmosphere at both ends to allow the leakage past the gaskets to drain to atmosphere so as to prevent accumulation of product.
D11
Miscellaneous Design

D11.1
Shrouds.  All motors, gearboxes and hydraulic cylinders shall be enclosed in a shroud suitable for a clean room. 

D11.2
Guards required by a safety standard that will not permit accessibility for cleaning and inspection shall be designed to be readily removable. 

D12 
Nonproduct Contact Surfaces

D12.1 
Nonproduct contact surfaces shall have a relatively smooth finish, and be relatively free of pockets and crevices, and be readily cleanable and those surfaces to be coated shall be effectively prepared for coating. 

D12.2 
Riveted nameplates or appendages shall not be used. Socket head cap screws shall not be used. Knurled surfaces shall not be used. Nameplates shall be welded or effectively sealed to the equipment. External lap joints for sheathing over insulated areas shall be overlapped downward. Overlapped joints shall be sealed between the mating surfaces with a suitable sealant. Supporting structures, braces, catwalks, stairs, handrails and guards are not considered as nonproduct contact surfaces of the equipment and are considered as part of the building structure.
D13 
Supports

D13.1 
If legs are used, they shall be smooth with rounded ends or with a flat, load-bearing foot suitable for sealing to the floor, and have no exposed threads. Legs made of hollow stock shall be sealed. Legs shall provide a minimum clearance between the lowest part of the base and the floor of not less than 6 in. (152.4 mm). 

D13.2
If mounted on a wall or column, the point of attachment of a heat exchanger to its mounting shall be designed for sealing. The mounting, if supplied by the manufacturer, shall be designed for sealing to the wall or column. The design of a heat exchanger to be mounted on a wall or column shall be such that there will be at least a 4 in. (101.6mm) clearance between the outside edge of heat exchanger and the wall or column.

Appendix E (Normative)
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Req'd Service Clearance:



Manufacturer:

Model:

Type:

Overall Length:

Shell Outside Dia:

Overall Width:

TEMA Designation:

Tube Surface Area:

Liquid Volume:

Weight (Empty):

GENERAL DATA



Total Fluid Flows:

Temperature In:

Temperature Out:

Operating Pressure:



Heat Exchanged (Tons):

LMTD (Approach):

Transfer Rate (clean / fouled):



Service:



Location:



Completed By:

RFQ # :



SPEC:

Date:



P&ID # :



TAG:

REV:

DATE:

HYGIENIC SHELL AND TUBE

HEAT EXCHANGER

DATA SHEET

Client:

Project Name:

Location:



Heat Exchanged (BTU/Hr):

PERFORMANCE DATA



Fluid Circulated:

Product Side Utility Side



Construction

CONSTRUCTION DATA



Max. Pressure Drop:

Number of Passes:

Fouling Factor:



Product Side:

Utility Side:

Materials of Construction

Utility Side

Specific Gravity:

Velocity:

Test Pressure:



Product Side

Removable Tubes:



Shell Wall Thickness:

Tube O.D.

Tube Wall Thickness:

Inlet Size:

Inlet Rating/Type:

Outlet Size:

Outlet Rating/Type:

Drain Size:

Drain Rating/Type:

Design Temperature (min):



Utility Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):



Gaskets (Product Side):

Gaskets (Utility Side):

Product Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):

Design Temperature (min):

Other


Appendix F (Normative)
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Inlet Size:

Outlet Size:

Port Liner:

Inlet/Outlet Type:

Product Side Utility Side

Materilals of Construction



Utility Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):

Design Temperature (min):



Gaskets (Utility):



Outlet Size:



Specific Gravity:

Velocity:

End Frames:



End Frame Thickness:

Support & Guide Bars:

Plates:

Plate Thickness:

Gaskets (Product):



CONSTRUCTION DATA



Max. Pressure Drop:



Heat Exchanged (BTU/Hr):

PERFORMANCE DATA



Fluid Circulated:

Product Side Utility Side



TAG:

REV:

DATE:

HYGIENIC PLATE AND FRAME

HEAT EXCHANGER

DATA SHEET

Client:

Project Name:

Location:

Service:



Location:



Completed By:

RFQ # :



SPEC:

Date:



P&ID # :



GENERAL DATA



Weight (Empty)



Total Fluid Flows:

Temperature In:

Temperature Out:

Operating Pressure:



Heat Exchanged (Tons):

LMTD (Approach):

Transfer Rate (clean / fouled):



Liquid Volume:



Manufacturer:

Model:

Type:

Overall Length:

Overall Width:

Overall Height:

Number of Plates:

Max. Number of Plates:

Liquid Volume:

Effective Heat Surface:



Appendix G (Informative)
G
DOCUMENTATION

G1
Engineering Design and Technical Construction File (EDTCF)

The following is an example of an engineering design and technical construction file (EDTCF) to be maintained by the fabricator as evidence of complying with P3-A Sanitary Standards or P3-A Accepted Practices.  (The file may contain more or less information as applicable to the equipment or system.)

The maintenance of this file is required for an application for Authorization to Display the P3-A Symbol and will be evaluated during the required Third Party Verification (TPV) evaluation of the equipment.

G1.1
Purpose


To establish and document the material, fabrication, and installation (where appropriate) requirements for the engineering design and technical construction files for all products, assemblies, and sub-assemblies supplied by the manufacturer thereof to be in compliance with the sanitary criteria found in P3-A Sanitary Standards or P-A Accepted Practices.  It is recommended that the engineering and construction file or files be submitted with applications for P3-A Symbol use authorization.

G2
Scope

G2.1
This EDTCF applies to equipment specified by:

G2.1.1
P3-A Sanitary Standards for (full title), Number (document number). 

G2.1.2
P3-A Accepted Practices for (full title), Number (document number). 

G2.1.3
List all applicable P3-A Sanitary Standards and P3-A Accepted Practices.

G3
Responsibilities

G3.1
This EDTCF is maintained by:   The Engineering Manager (or other company official) (title of responsible official) is responsible for maintaining, publishing, and distributing this EDTCF.

G3.2
Implementation:   All divisions, specifically development engineering, standards engineering, sales engineering, and product departments are responsible for implementing this EDTCF.

G4
Acceptability
G4.1
The P3-A Sanitary Standards and P3-A Accepted Practices are voluntarily applied as suitable sanitary criteria for active pharmaceutical ingredient manufacturing equipment. 

G5
References
G5.1
List any additional regulations that apply to the equipment or system covered by this EDTCF.

G5.2
Date of conformity or P3-A Symbol Authorization and certificate number, if authorized.

G6
Design and Technical Construction File

G6.1
The Engineering Design and Technical Construction File may consist of the following:

a. an overall drawing of the subject equipment;

b. full detailed drawings, accompanied by any calculations, notes, test results, etc. required to check the conformity of the equipment with the P3-A Standards or P3-A Practices;

c. a list of:

(1) the essential requirements of the standards or practices;

(2) other technical specifications, which were used when the equipment was designed;

d. a description of methods adopted;

e. if essential, any technical report or certificate obtained from a competent testing body or laboratory;

f. any technical report giving the results of tests carried out internally by Engineering or others;

g. documentation and test reports on any research or tests on components, assemblies and/or the complete product to determine and demonstrate that by its design and construction, the product is capable of being installed, put into service, and operated in a sanitary manner (optional); a determination of the foreseeable lifetime of the product (optional);

h. a determination of the foreseeable lifetime of the product (optional);

i. a copy of the instructions for the product (Instruction Manuals/Instruction books);

j. for serial manufacturing, the internal measures that will be implemented to insure that the equipment will continue to be manufactured in conformity to the provisions of the P3-A Sanitary Standards or P3-A Accepted Practices;

k. engineering reports;

l. laboratory reports;

m. bills of material;

n. wiring diagrams, if applicable;

o. purchase order engineering files;

p. hazard evaluation committee reports, if executed;

q. change records;

r. customer specifications;

s. any notified body technical reports and certification tests;

t. copy of the P3-A symbol authorization, if applicable;

u. copy of the ASME BPVC U1 form, if applicable.

G6.2
The file does not have to include detailed plans or any other specific information regarding the sub-assemblies, tooling, or fixtures used for the manufacturer of the product unless a knowledge of them is essential for verification of conformity to the basic sanitary requirements found in P3-A documents. 

G.6.3
The documentation referred to in F6.1 above need not permanently exist in a material manner in the EDTCF, but it must be possible to assemble them and make them available within a period of time commensurate with its importance (one week is considered reasonable time).  As a minimum, each product EDTCF must physically contain an index of the applicable document of F6.1 above. 

G6.4
The EDTCF may be in hard copy or software form.

G7
Confidentiality

G7.1
The EDTCF is the property of the manufacturer and is shown at their discretion, except that all or part of this file will be available to the P3-A Sanitary Standards, Inc. or a regulatory agency for cause and upon request. 

G8
File Location
G8.1
The EDTCF shall be maintained at (location).

G9
File Retention
G9.1
The EDTCF (including all documentation referred to in F6.1) shall be retained and kept available for 7 years following the date of placing the product in use or from the last unit produced in the case of series manufacture. 

H
TESTING
H1
Testing shall meet the requirements of all codes specified herein.

H2
Factory Acceptance Test (FAT)
H2.1
Supplier will include a Factory Acceptance Test (FAT). Factory inspection and testing should include procedures, listing of all tests to be performed, documentation of test results, and control system hardware and software testing. The testing may include an owner witnessed Riboflavin cleaning test.

H2.2
The, factory acceptance test may be witnessed by Buyer’s personnel at the Seller’s facility prior to shipping the units.  All issues observed during FAT and agreed upon by Seller and Buyer must be corrected, re-tested and approved by buyer, in writing, prior to shipping the unit(s).  The Seller is responsible for writing the protocols for the FAT.

H2.3
FAT will include the following at a minimum where applicable:

· Dimensional check of the all equipment

· Check of all motors

· Check of all hydraulically actuated components

· Check of all pumps

· Check of all mechanical operations

· Check of all critical tolerances

· Check control system and wiring (if applicable)

· Check of all instrumentation

H2.4
Seller shall verify in writing that all purchase parameters have been met and that the unit functions satisfactorily prior to performing FAT.

H2.5
Procedures for the FAT shall be available for review and approval four (4) weeks prior to test.

H2.6
During FAT, Supplier shall maintain a complete log of all shop test data.

H3
If any modifications are required during or after testing to improve mechanical operation, the test is considered invalid and must be repeated.

H4
Owner reserves the right to be present during all testing.

I 
MINIMUM RADII USED ON PLATE CONTACT SURFACES 
Minimum radii used on plate contact surfaces per D7.1.2.  

Where depth “D” shall not exceed 2/3 R, internal angle “A” is at least 102º, with radius “R”
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Req'd Service Clearance:



Manufacturer:

Model:

Type:

Overall Length:

Shell Outside Dia:

Overall Width:

TEMA Designation:

Tube Surface Area:

Liquid Volume:

Weight (Empty):

GENERAL DATA



Total Fluid Flows:

Temperature In:

Temperature Out:

Operating Pressure:



Heat Exchanged (Tons):

LMTD (Approach):

Transfer Rate (clean / fouled):



Service:



Location:



Completed By:

RFQ # :



SPEC:

Date:



P&ID # :



TAG:

REV:

DATE:

HYGIENIC SHELL AND TUBE

HEAT EXCHANGER

DATA SHEET

Client:

Project Name:

Location:



Heat Exchanged (BTU/Hr):

PERFORMANCE DATA



Fluid Circulated:

Product Side Utility Side



Construction

CONSTRUCTION DATA



Max. Pressure Drop:

Number of Passes:

Fouling Factor:



Product Side:

Utility Side:

Materials of Construction

Utility Side

Specific Gravity:

Velocity:

Test Pressure:



Product Side

Removable Tubes:



Shell Wall Thickness:

Tube O.D.

Tube Wall Thickness:

Inlet Size:

Inlet Rating/Type:

Outlet Size:

Outlet Rating/Type:

Drain Size:

Drain Rating/Type:

Design Temperature (min):



Utility Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):



Gaskets (Product Side):

Gaskets (Utility Side):

Product Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):

Design Temperature (min):

Other
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Inlet Size:

Outlet Size:

Port Liner:

Inlet/Outlet Type:

Product Side Utility Side

Materilals of Construction



Utility Side

Design Pressure (MAWP):

Operating Pressure:

Design Temperature (max):

Design Temperature (min):



Gaskets (Utility):



Outlet Size:



Specific Gravity:

Velocity:

End Frames:



End Frame Thickness:

Support & Guide Bars:

Plates:

Plate Thickness:

Gaskets (Product):



CONSTRUCTION DATA



Max. Pressure Drop:



Heat Exchanged (BTU/Hr):

PERFORMANCE DATA



Fluid Circulated:

Product Side Utility Side



TAG:

REV:

DATE:

HYGIENIC PLATE AND FRAME

HEAT EXCHANGER

DATA SHEET

Client:

Project Name:

Location:

Service:



Location:



Completed By:

RFQ # :



SPEC:

Date:



P&ID # :



GENERAL DATA



Weight (Empty)



Total Fluid Flows:

Temperature In:

Temperature Out:

Operating Pressure:



Heat Exchanged (Tons):

LMTD (Approach):

Transfer Rate (clean / fouled):



Liquid Volume:



Manufacturer:

Model:

Type:

Overall Length:

Overall Width:

Overall Height:

Number of Plates:

Max. Number of Plates:

Liquid Volume:

Effective Heat Surface:


Conformance can be determined using standard dial gauges for depth (D) and radii gauges for (R).  Where the radii are too small for the use of standard radii gauges, inspectors should consult manufacturer’s engineering sources.
�EMBED Excel.Sheet.12���


�EMBED Excel.Sheet.12���


�EMBED Word.Picture.8���


The example below shows a 0.5 mm radius formed on a 0.5 mm thick plate at maximum permissible depth when internal angle is at 102 degrees.





Opposite side internal radii shall also meet the section D6.1.2 requirements or if greater than 135º, minimum radii requirements are not applicable.








�The document establishing these standard dimensions is Aerospace Standard (AS) 568, published by SAE, 400 Commonwealth Drive, Warrendale, PA 15086 (412-776-4970).


�The document establishing these standard dimensions is ISO 3601-1: 1988 (E), published by the International Organization for Standardization (ISO), 1 Rue de Varembe, Case Postale 58, CH 1 1211, Geneva, Switzerland (41-22-734-1240). 
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		HEAT EXCHANGER																																										REV:

		DATA SHEET																																										DATE:



		Client:																						Completed By:																				SPEC:

		Project Name:																						P&ID # :																				Date:

		Location:																						RFQ # :





		Service:																														Location:



		GENERAL DATA

		Manufacturer:																														Number of Plates:

		Model:																														Max. Number of Plates:

		Type:																														Liquid Volume:																						Gal.

		Overall Length:																										In.				Effective Heat Surface:																						Ft²

		Overall Width:																										In.				Weight (Empty)																						Lbs.

		Overall Height:																										In.				Liquid Volume:																						Gal.



		PERFORMANCE DATA

												Product Side										Utility Side

		Fluid Circulated:																														Heat Exchanged (BTU/Hr):																						btuh

		Total Fluid Flows:																gpm										pph				Heat Exchanged (Tons):																						tons

		Temperature In:																°F										°F				LMTD (Approach):																						°F

		Temperature Out:																°F										°F				Transfer Rate (clean / fouled):

		Operating Pressure:																psi										psi

		Specific Gravity:

		Velocity:																fps										fps

		Max. Pressure Drop:																psi										psi







		CONSTRUCTION DATA



		Materilals of Construction																														Product Side

		End Frames:																										psi				Design Pressure (MAWP):																						psig

		End Frame Thickness:																										In.				Operating Pressure:																						psig

		Support & Guide Bars:																														Design Temperature (max):																						°F

		Plates:																														Design Temperature (min):																						°F

		Plate Thickness:

		Gaskets (Product):																														Utility Side

		Gaskets (Utility):																														Design Pressure (MAWP):																						psig

																																Operating Pressure:																						psig

										Product Side										Utility Side												Design Temperature (max):																						°F
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		Inlet Size:

		Outlet Size:

		Port Liner:

		Inlet/Outlet Type:
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Sheet1



		HYGIENIC SHELL AND TUBE																																										TAG:

		HEAT EXCHANGER																																										REV:

		DATA SHEET																																										DATE:



		Client:																						Completed By:																				SPEC:

		Project Name:																						P&ID # :																				Date:

		Location:																						RFQ # :





		Service:																														Location:



		GENERAL DATA

		Manufacturer:																														TEMA Designation:

		Model:																														Tube Surface Area:																						Ft²

		Type:																														Liquid Volume:																						Gal.

		Overall Length:																										In.				Weight (Empty):																						Lbs.

		Shell Outside Dia:																										In.

		Overall Width:																										In.				Req'd Service Clearance:																						In.



		PERFORMANCE DATA

												Product Side										Utility Side

		Fluid Circulated:																														Heat Exchanged (BTU/Hr):																						btuh

		Total Fluid Flows:																gpm										pph				Heat Exchanged (Tons):																						tons

		Temperature In:																°F										°F				LMTD (Approach):																						°F

		Temperature Out:																°F										°F				Transfer Rate (clean / fouled):

		Operating Pressure:																psi										psi

		Specific Gravity:

		Velocity:																fps										fps

		Max. Pressure Drop:																psi										psi

		Number of Passes:

		Fouling Factor:



		CONSTRUCTION DATA

		Construction																												Materials of Construction

										Product Side										Utility Side												Product Side:

		Test Pressure:																psi										psi				Utility Side:

		Shell Wall Thickness:																										In.

		Tube O.D.																In.														Gaskets (Product Side):

		Tube Wall Thickness:																In.														Gaskets (Utility Side):

		Inlet Size:																												Other

		Inlet Rating/Type:																psi										psi				Product Side

		Outlet Size:																														Design Pressure (MAWP):																						psig

		Outlet Rating/Type:																psi										psi				Operating Pressure:																						psig

		Drain Size:																														Design Temperature (max):																						°F

		Drain Rating/Type:																psi										psi				Design Temperature (min):																						°F

		Removable Tubes:

																																Utility Side

		National Board Registration?																														Design Pressure (MAWP):																						psig

																																Operating Pressure:																						psig

																																Design Temperature (max):																						°F

																																Design Temperature (min):																						°F














































