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Foreword

The Iranian Petroleum Standards (IPS) reflect the views of the Iranian Ministry of Petroleum and
are intended for use in the oil and gas production facilities, oil refineries, chemical and
petrochemical plants, gas handling and processing installations and other such facilities.

IPS is based on internationally acceptable standards and includes selections from the items
stipulated in the referenced standards. They are also supplemented by additional requirements
and/or modifications based on the experience acquired by the Iranian Petroleum Industry and the
local market availability. The options which are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can select his appropriate preferences therein

The IPS standards are therefore expected to be sufficiently flexible so that the users can adapt
these standards to their requirements. However, they may not cover every requirement of each
project. For such cases, an addendum to IPS Standard shall be prepared by the user which
elaborates the particular requirements of the user. This addendum together with the relevant IPS
shall form the job specification for the specific project or work.

The IPS is reviewed and up-dated approximately every five years. Each standards are subject to
amendment or withdrawal, if required, thus the latest edition of IPS shall be applicable

The users of IPS are therefore requested to send their views and comments, including any
addendum prepared for particular cases to the following address. These comments and
recommendations will be reviewed by the relevant technical committee and in case of approval
will be incorporated in the next revision of the standard.

Deputy of Standardization, Administrative of Technical, Execution and Evaluation of Projects
Affairs, No.17, St. 14th, North Kheradmand, Karimkhan Blvd., Tehran, Iran.

Postal Code- 1585886851
Tel: 021-88810459-60 & 021-66153055
Fax: 021-88810462

Email: Standards@nioc.ir
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Introduction

. . .. . 1 .
This standard has been developed in “specialized reference committees” and with the consensus
of a wide range of professionals, representatives of organizations, companies, management,
institutions and research-laboratory centers, manufacturers, associations, etc.

Petroleum Standards developed by the Ministry of Petroleum are reviewed systematically by
specialized reference committees every five years and, are performed with regard to their
applicability and effectiveness, approve, revoke or revise them in accordance with current
Ministry of Petroleum regulations. Obviously, in accordance with clause 4 of the Procedure, the
periodical review can be done early, if necessary. In case of conflict between Farsi (Persian) and
English languages, English language shall govern.

Hairpin heat exchangers are used in various applications in almost any industry. This standard
shall be used for hairpin and multi Pipe heat exchangers for use in oil refineries, petrochemical
plants, and where applicable, in exploration and production and new ventures.

Note 1 - This is a revised version of the standard specification by the relevant technical committee which is
issued as revision (1). Revision (0) of the said standard specification is withdrawn.

Note 2 - This bilingual standard is a revised version of the standard specification by the relevant technical
committee August 2009, which is issued as revision (2). Revision (1) of the said standard specification is
withdrawn.

Note 3 - This bilingual standard is a revised version of the standard specification by the relevant technical
committee December 2019, which is issued as revision (3). Revision (2) of the said standard specification
is withdrawn.

Iranian Petroleum Standards (IPS)

Deputy of Standardization, Administrative of Technical, Execution and Evaluation of Projects Affairs,
No.17, St. 14th, North kheradmand, Karimkhan Blvd., Tehran, Iran.

P.O.Box: 1585886851

Tel: +98 (21) 61623055, (21) 88810459 - 60
Fax: +98 (21) 88810462

Email: standards@nioc.ir

Website: http://ips.mop.ir

1- Standardized specialized reference committees are qualified committees responsible for determination and
reviewing standards for the petroleum industry (governmental, private and cooperative sectors).

v
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General standard for hairpin-Type heat exchangers

1 Scope

1-1 This Standard Specification covers the minimum requirements for design, material, fabrication,
inspection and testing of hairpin heat exchangers. Hairpin heat exchangers include double-pipe and
multi-tube type heat exchangers. For those part not covering in this standard latest edition of API
663 will be in effect.

1-2 This Standard together with Iranian Petroleum Standard for pressure vessels IPS-G-ME-150
shall apply to hairpin heat exchangers

2 References

Throughout this Standard the following dated and undated standards/codes are referred to. These
referenced documents shall, to the extent specified herein, form a part of this standard. For dated
references, the edition cited applies. The applicability of changes in dated references that occur after
the cited date shall be mutually agreed upon by the Company and the Vendor. For undated
references, the latest edition of the referenced documents (including any supplements and
amendments) applies.

2-1 IPS-G-ME-150, Engineering and material standard for towers, reactors, pressure vessels and
internals

2-2 IPS-E-TP-100, Engineering standard for paints

2-3 IPS-G-ME-220, Engineering and material standard for shell and tube heat exchangers
2-4 TPS-E-GN-100, Engineering standard for units

2-5 IPS-E-PR-775, Engineering standard for process design of double pipe heat exchangers
2-6 IPS-E-GN-100, Engineering standard for unit

2-7 ASME Boiler and pressure vessel Code Section II: materials-part A:ferrous material
2-8 ASME Section V, Nondestructive examination specifications

2-9 ASME Section VII, Division 1, Rules for construction of pressure vessels

2-10 ASME Section VIII, Division 2: Alternative rules

2-11ASME Section VIII, Pressure vessels - Complete 3-Volume SET (VII-DIV 1, VIII-DIV 2,
VIII- DIV3

2-12 ASME Section IX, Welding and brazing qualification

2-13ASME B16.5, Pipe flanges and flanged fittings: NPS 1/2 through NPS 24 metric/inch standard
2-14 ASME B16.47, large diameter steel flanges: NPS 26 through NPS 60 metric/inch standard
2-15ASME B16.20, metallic gaskets for pipe flanges

2-16 ASME B16.9, factory- made wrought butt welding fittings

2-17ASME B16.11, forged fittings, socket-welding and threaded, includes errata

2-18TEMA (THE TUBULAR EXCHANGER MANUFACTURERS ASSOCIATION)

2-19API 660, shell-and- tube heat exchangers
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2-20ASTM A-450, Standard specification for general requirements for carbon and low alloy steel
tubes

3 Definitions
Throughout this Standard the following definitions shall apply.
3-1

company

Refers to one of the related and/or affiliated companies of the Iranian Ministry of Petroleum such as
National Iranian Oil Company, National Iranian Gas Company, National Petrochemical Company
and National Iranian Oil Refinery And Distribution Company.

3-2

purchaser

Means the “Company” where this standard is a part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part of contract documents.

3-3

vendor and supplier

Refers to firm or person who will supply and/or fabricate the equipment or material.
34

contractor

Refers to the persons, firm or company whose tender has been accepted by the company.
3-5

executor

Executor is the party which carries out all or part of construction and/or commissioning for the
project.

3-6

inspector

The Inspector referred to in this Standard is a person/persons or a body appointed in writing by the
company for the inspection of fabrication and installation work

3-7

shall

Is used where a provision is mandatory.
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3-

should

Is used where a provision is advisory only.
3-9

will
Is normally used in connection with the action by the “Company” rather than by a contractor,
supplier or vendor.

3-10

may

Is used where a provision is completely discretionary.

4 Units

This standard is based on International System of Units (SI), as per IPS-E-GN-100 except where
otherwise specified.

5 Conflicting requirements

In case of conflict between documents relating to the inquiry or purchase order the following
priority of documents, shall apply.

-First priority: purchase order (including attachments) and variation thereto.

- Second priority: data-requisition sheets and drawing.

- Third priority: this Standard.

All conflicting requirements shall be referred to the purchaser in writing. The purchaser will issue
conforming documentation if needed for clarification.

6 Design
6-1 Design data

6-1-1 Design codes

6-1-1-1 Hairpin heat exchangers shall be designed according to the ASME Code Section VIII and
TEMA standard in this standard.

6-1-1-2 Nozzles, flanges, tapered pipe threads, pipe fittings, bolts, nuts and gaskets shall be in
accordance with appropriate ASME Codes.
6-1-2 Design pressure

6-1-2-1 Hairpin heat exchangers shall be designed to conform to specified shell side or tube side
design pressure. Designs based on differential pressure of shell side and tube side are not acceptable
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6-1-2-2 If design pressure is not specified in the exchanger specification sheet, the minimum
design pressure shall be 10% above the maximum operating pressure or maximum operating
pressure plus 2 bar (200KPa) , whichever is greater.

6-1-3 Design temperature

6-1-3-1 Exchangers which will operate at temperature above 0°C, shall have a minimum design
temperature 10% above the maximum operating temperature or maximum operating temperature
plus 28°C. Whichever is greater, but not less than 65°C.

6-1-4 Corrosion allowance

6-1-4-1 If not specified the minimum corrosion allowance for the shell side and tube side
components (except tubes) shall be 1.6 mm for carbon steel.

6-2 Shell design

6-2-1 Shells can be welded pipe, seamless pipe or rolled and welded cylinders. Spiral welded pipe
shall not be used.

6-2-2 Design of shell tube closure and return bend housing is normally left to the manufacturer.
However the design shall be approved by the Company.

6-2-3 U-tube shall be removable through the use of bolted closure joints.

6-3 Tube (U-Tubes) design

6-3-1 Not enclosed section of U-Tubes shall be at least 6 mm apart from Tube Bundle for free
movement due to thermal Expansion.

6-3-2 No internal screwed connections shall be allowed.

6-3-3 Fins should be longitudinal .Longitudinal fins shall be attached to the outside of the tube by

electric resistance welding. Minimum thickness of the fins shall be 0.9 mm.
6-3-4 The bent portion of the following U-tubes shall be stress relieved after bending:

a- Carbon steel, carbon-molybdenum, and low chromium steel U-bends (C - 0.5 % Mo through 5 %
Cr steels) in sour or wet hydrogen sulfide service.

b- Unstabilized austenitic stainless steels with a mean radius smaller than 5 times the nominal
outside diameter of the tube.

6-4 Nozzles and connections design

6-4-1 Connections DN 40 (NPS 1-1/2) and larger shall be flanged .The slip-on type shall not be
used. Non-flanged connections smaller than DN 40 (NPS 1-1/2) shall be forged couplings with an
appropriate rating.

Threaded connections shall not be used in hydrogen, sour or wet hydrogen sulfide service. This
includes auxiliary connections such as vents, drains, instrument connections and chemical cleaning
connections.

6-4-2 Steel flanges outside the scope of ASME B16.5 shall be designed per ASME pressure vessel
code.

6-4-3 Couplings shall be used for threaded connections. All couplings shall be installed with full
penetrated welds.

6-4-4 All unpiped threaded openings shall be fitted with bar stock, round-head type plugs of the
same material as the connection.
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6-5 Supports design

6-5-1 A minimum of two supports shall be provided on the shell pipe. On stacked units, the design
shall prevent shell distortion which might cause bending of the tube.

6-5-2 Internal Supports shall be free to move along the length of the shell for thermal expansion.

7 Material

7-1 The materials shall conform to the specification given in section II of the ASME boiler and
pressure vessel code or other governing code. Materials of construction are subject to approval by
the Company.

7-2 All materials must be new and unused, unless otherwise agreed by purchaser.

7-3 All materials used in the manufacture of pressure parts of hairpin heat exchangers constructed
to this standard shall have available test certificates of chemical analysis and physical properties.
Materials for which test certificates are not available may be used for supporting lugs, spacers and
other similar non-pressure parts.

7-4 Carbon steel, ferritic alloy, and austenitic alloy steel tubes shall meet the requirements of
ASTM A-450.

7-5 Tube wall thicknesses specified shall be considered as "minimum wall thickness".
7-6 All gaskets shall be asbestos free.
7-7 Materials equivalent to ASTM standard may be used with prior approval of the purchaser.

7-8 All carbon steel tubes shall be seamless type, for other materials weldwd tybe may be selected
with prior approval of the purchaser.

7-9 Appendix A of this Standard lists typical materials of construction for hairpin heat exchangers
in normal services. This Appendix is given as a guide and does not cover all materials of
construction. Other materials which are equally suitable may be selected, with prior approval of the
purchaser.

8 Fabrication
8-1 In multitube hairpin heat exchangers, tube holes in tube-sheets shall be furnished to the
diameters and tolerances shown in TEMA Standard.

8-2 Inside edges of tube holes in tubesheets (in multitube exchangers) shall be free of burrs to
prevent cutting of the tubes. Internal surfaces shall be given a workmanlike finish.

8-3 For non-ferrous tubes, the said tolerances shall be in accordance with the appropriate heat
exchanger tube specification.

8-4 Gasket contact faces shall be machined and free of surface scale.

8-5 Gasket contact faces shall be true planes within 1 mm. The flatness of the tube sheet gasket
faces (in multitube type) shall be measured after expanding or welding of tube joints.

9 Name plate

9-1 A suitable manufacture’s name plate of corrosion resistant material shall be permanently
attached to the exchanger. When insulation thickness is specified, the name plate shall be attached
to a bracket welded to the exchanger.
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9-2 Name plate data

In addition to all required by the ASME section VIII division I, a name plate shall also include the
following (if specified):

- User’s equipment identification;

- User’s order number.

10 Welding

10-1 All welding of pressure parts shall conform to the requirements of ASME Code, Section VIII,
Division I and Section IX.

10-2 All butt welds of pressure retaining parts shall be full penetration welds.

10-3 Welding electrodes shall be of AWS approved quality or equivalent.

10-4 All welding shall be completed prior to final heat treatment.

10-5Prior to commencing fabrication, the vendors proposed welding procedure specification (WPS)
and its supporting PQR shall be submitted for approval. After approval, this welding procedure
shall be strictly adhered to unless written approval is obtained covering deviations.

10-6 Preheating and post weld heat treatment is required when so specified in the applicable code
for:

- The service conditions;

- The particular material;

- The material thickness;

- Weld configuration;

- Consumables.

The preheat temperature is to be checked and maintained throughout welding.

10-7Hardness testing and report shall be performed in accordance with a procedure that has been
reviewed and approved by the purchaser.

11 Inspection and testing

11-1 The term inspector, used in this Standard, refers to the Company’s representative.

11-2 The inspection and testing of the heat exchanger at the manufacturer’s shop shall be performed
in accordance with ASME Code Section VIII Div.1 and the following requirements.

11-3 All parts and tools necessary for inspection and testing shall be prepared by the manufacturer.

11-4Spot radiographic examination according to ASME Code Section VIII Div.I shall be
considered as a minimum requirement for the welds of hairpin heat exchanger. Acceptance criteria
shall be as per the above mentioned code.

11-5the vendor shall specify its quality control system and submission of quality control plan.
11-6 weld metal of pressure-retaining welds (excluding tube to tube sheet welds) in carbon steel

components shall be hardness tested.

11-7all carbon steel plate in sour or wet hydrogen sulfide service shall be subjected to an ultrasonic
lamination check.
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12 Supplementary requirements

12-1 Preparation for shipment

12-1-1 Internal and external surfaces of the exchanger shall be free from loose scale and other
foreign material that is readily removable.

12-1-2 Water, oil, or other liquids used for cleaning or hydrostatic testing shall be drained from all
sections before shipment.

12-1-3 The purchaser shall specify requirements for surface preparation and protection. Unless
otherwise specified surface preparation and painting shall be in accordance with IPS-E-TP-100.

12-1-4 Machined surfaces and flange faces shall be temporary protected against corrosion during
shipment and subsequent storage, by coating with rust preventive which is easily removable with a
petroleum solvent.

12-1-5 All threads of bolts including exposed parts shall be coated with a metallic base waterproof
coating to prevent galling in use and aqueous corrosion during testing, shipping and storage.

12-1-6 Flanges surface shall be blanked with bolted wood or metal covers. Beveled ends shall be
protected with suitable covers. Threaded connections shall be fitted with a cap or plug.

12-1-7 Exchangers shall be shipped completely assembled and shall be clearly identified by
painting or dye stenciling the equipment number in a conspicuous location.

12-2 Guarantees

Unless otherwise agreed upon by the manufacturer and purchaser, the manufacturer shall guarantee
thermal performance and mechanical design of a heat exchanger, when operated at the design
conditions specified by the purchaser in his order, or shown on the exchanger specification sheet
furnished by the manufacturer. This guarantee shall extend for a period of 24 months after shipping
date.
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Appendix A

(informative)

Typical materials of construction for hairpin heat exchangers in normal services

Seamless Carbon Steel, Open-hearth or Electric

Shell (Pipe) Furnace
ASTM A-106, Gr. A or B
ASTM A-53 ,Gr. Aor B
Shell Return Carbon Steel Casting
ASTM A=216, Gr. WCA or WCB
Shell Cover Plate Carbon Steel Plate

ASTM A-285, Gr., C
ASTM A-515, & 516

Fittings, Flanges

Forged Steel
ASTM A-105

Exchanger Tubes, also Connectors

Carbon Steel Tube
ASTM A-179

Ferritic Alloys, Tubes
ASTM A-199
Austenitic Alloys
ASTM-A-213
Admiralty Metal
ASTM B-111 Type B, C or D (Cooling Water
Service)

Exchanger Pipe, also Connectors

Seamless Carbon Steel Pipe
ASTM A-106, Gr, A or B
Ferritic Alloys
ASTM A-335
Austenitic Alloys-
ASTM A-312
Copper Alloys, Admiralty Metal
ASTM B-111 Type B, Cor D
Nickel Copper Alloys
Monel
ASTM B-163

Fins (Strip)

(Material to be compatible with tube metallurgy and

shell side fluid)..

Support Brackets

ASTM A-36

Nuts

ASTM A-194, Class 2H

Bolts

ASTM A-193, Gr, B7
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2-1 IPS-G-ME-150, Engineering and material standard for towers, reactors, pressure vessels and
internals

2-2 IPS-E-TP-100, Engineering standard for paints

2-3 IPS-G-ME-220, Engineering and material standard for shell and tube heat exchangers
2-4 IPS-E-GN-100, Engineering standard for units

2-5 IPS-E-PR-775, Engineering standard for process design of double pipe heat exchangers
2-6 IPS-E-GN-100, Engineering standard for unit

2-7 ASME Boiler and pressure vessel Code Section II: materials-part A:ferrous material
2-8 ASME Section V, Nondestructive examination specifications

2-9 ASME Section VII, Division 1, Rules for construction of pressure vessels

2-10 ASME Section VIII, Division 2: Alternative rules
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2-11 ASME Section VIII, Pressure vessels - Complete 3-Volume SET (VIII-DIV 1, VIII-DIV 2,
VIII- DIV3

2-12ASME Section IX, Welding and brazing qualification

2-13ASME BI16.5, Pipe flanges and flanged fittings: NPS 1/2 through NPS 24 metric/inch
standard

2-14ASME B16.47, large diameter steel flanges: NPS 26 through NPS 60 metric/inch standard
2-15ASME B16.20, metallic gaskets for pipe flanges

2-16 ASME B16.9, factory- made wrought butt welding fittings

2-17ASME B16.11, forged fittings, socket-welding and threaded, includes errata

2-18TEMA (THE TUBULAR EXCHANGER MANUFACTURERS ASSOCIATION)
2-19API 660, shell-and- tube heat exchangers

2-20ASTM A-450, Standard specification for general requirements for carbon and low alloy
steel tubes
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Seamless Carbon Steel, Open-hearth or Electric Furnace

Shell (Pipe) ]
(Wg)) ags ASTM A-106, Gr. A or B 300 O gyS oYl
) ASTM A-53 ,Gr. AorB
Shell Return Carbon Steel Casting 6 B, S oYes
Lonogy udS ASTM A=216, Gr. WCA or WCB
Shell Cover Plate Carbon Steel Plate
Alwgy i (33 ASTM A-285, Gr., C sy SYed 5,9
ASTM A-515, & 516
Fittings, Flanges Forged Steel
PSSTERN WX ASTM A-105 oo g, Sonl oYgh
Carbon Steel Tube s, oYgd algl
ASTM A-179
Exchanger Tubes, also Connectors Ferritic Alloys, Tubes ol LT slaady)
ASTM A-199
. . i Austenitic Alloys S slaslT
e Jlosmen Jie sloos | sTMA21
AdmiraltyMetal Sbyo 5l

ASTM B-111 Type B, C or D (Cooling Water

Service) SNBSS Ol g

Exchanger Pipe, also Connectors
oo JLas] (aizmod ¢ Joe slaals)

Seamless Carbon Steel Pipe
ASTM A-106, Gr, A or B
Ferritic Alloys sl slasll
ASTM A-335

Austenitic Alloys-Seamless ;0 g0 Seiw] slasL]
ASTM A-312

Copper Alloys, Admiralty Metal S ,s 515 ¢ o slasLI]
ASTM B-111 Type B, C or D

305 O3 RS Vg

Nickel Copper Alloys IS5 e sl
Monel oo
ASTM B-163

(Material to be compatible with tube metallurgy and shell

Fins (Strip) (4ows) oy | side fluid).
il 55l gy oo Jow 5 55 55llEo b b e
Support Brackets Sl sloasl, | ASTM A-36
Nuts o4 | ASTM A-194, Class 2H
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