Spiral Plate Heat Exchangers

API STANDARD 664
FIRST EDITION, MARCH 2014

ERRATA 1, FEBRUARY 2021

REAFFIRMED, JULY 2024

American
Petroleum
Institute

AP

Documents

Document Sharing Hub

Full document details: APl St 664-2014 (2024)


http://www.avadocuments.com/doc/api-st-664-2014-2024
http://www.avadocuments.com/doc/api-st-664-2014-2024

Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may
mandate compliance.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Users of this standard should not rely exclusively on the information contained in this document. Sound business,
scientific, engineering, and safety judgment should be used in employing the information contained herein.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Where applicable, authorities having jurisdiction should be consulted.
Work sites and equipment operations may differ. Users are solely responsible for assessing their specific equipment

and premises in determining the appropriateness of applying the instructions. At all times users should employ sound
business, scientific, engineering, and judgment safety when using this Standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2014 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001, standards@api.org.

Documents

! Document Sharing Hub

Full document details: APl St 664-2014 (2024)


http://www.avadocuments.com/doc/api-st-664-2014-2024
http://www.avadocuments.com/doc/api-st-664-2014-2024

Documents

Document Sharing Hub

Full document details: APl St 664-2014 (2024)


http://www.avadocuments.com/doc/api-st-664-2014-2024
http://www.avadocuments.com/doc/api-st-664-2014-2024

Contents

Page
1 Yoo o1 1
2 Normative References . ... ... ... i i i et e e i e 1
3 Terms and Definitions . . . ... .. e 1
4 7= 1= - | 3
5 Proposal Information Required . . ... ... .. .. it i i i ittt a et e e e 4
6 Drawings and Other DataRequirements .. ............. i iiitiiiiiin it ienrnneraeannennnnn 5
6.1 Outline Drawings and Other SupportingData. . .......... ... it it ittt nnnnns 5
6.2 Information Required After Outline Drawings Are Reviewed. . ........... ... . iiiiiiiiiennnnns 6
6.3 Reports and ReCOrds . ..........iiiiiii ittt et s aan e saaesnannesaaesannesannessnn 7
7 D 1= T | 7
7 T €71 4 =Y - | 7
7.2 Design Temperatures . .. ... ...ttt ittt ettt e e s et ta et aasaa e s 8
7.3 DesSign PressUre . .. ...ttt it e e et e 8
7.4 Fouling Margin. . . ...t e ettt et ta e e st e e aasaasaneanaaaaaaneannnns 8
7.5 Corrosion AlloWancCe. . . .. ... o it i i i it e 8
70 T 0o 4 'Y o 1= 41 {3 8
70 AR~ ) « o] o - 14
7.8 Cover Gaskets .. ... ..ot i e e 14
7.9 Handling DeVviCes. . . . ..ottt ittt ettt et e e et e e e 16
8 1P 1 =T 4 - 1 16
= T €71 4 =Y - 16
8.2 Requirements for Carbon Steel in Sour or Wet Hydrogen Sulfide Service ........................ 16
8.3 CoverGaskets .. ... ..ottt i i e e e a e 17
9 Fabrication . ... ... . i i i i et it e e e 17
L= I8 T4 =1 [ 11 4T 17
9.2 HeatTreatment. ... ... ...t i i et ittt et a st e et a e a e a s an anennns 17
9.3 Gasket Contact Surfaces Other Than Nozzle Flange Facings. .. ............iiiiiiiiiiiiinnnnnn. 17
10 Inspection and Testing . . ...... .ottt ettt e et e aaa e ananesannnsaaneananneeenn 18
10.1 QUAlity ASSUIANCE . . ... ittt ittt et et et aataa e e aassansansaassassansnnennnsnnsnns 18
10.2 Quality Control. . . ... .o i e 18
10.3 Pressure Testing . ... ..ot ittt i i it et e e et 19
10.4 Nameplates. . .. ..o i e i i e e 20
11 Preparation for Shipment. ... ... ... .. i i i ittt et ettt aaenaaenns 20
LI T o (o1 (= o o o 20
11.2 Identification .. ... ... ... i i e 21
Annex A (informative) Recommended Practice . ............o ittt et et it s aa e aaaas 22
Annex B (informative) Spiral Plate Heat Exchanger Checklist.............. ... ... ... . . i, 28
Annex C (informative) Spiral Plate Heat ExchangerDatasheets .............. ... ... it 30
Bibliography . . ... ..o e i e ra e 39

Documents

Document Sharing Hub

Full document details: APl St 664-2014 (2024)


http://www.avadocuments.com/doc/api-st-664-2014-2024
http://www.avadocuments.com/doc/api-st-664-2014-2024

Contents

Page

Figures
1 Typical Cover Clamp Bolting . . .. ... ... i i e ettt a e 2
2 Typical Components of Spiral Plate Heat Exchangers . . ........ ... . it 4
3 Typical Designs for Channel Closure . . . ... ... ittt i et a sttt a s aaaaeaernnn 10
4 Typical Center Core TYPeS . . . ..ottt it ettt ittt et et e e aa e ansaaaaaesanenns 1"
5 Directions of Forces and Moments on Connections ............ ... it iinrnnnnnnnnn. 12
6 Connection Locations for Use with Nozzle Loading Tables. . .......... ... ... ... i it 14
A.1 ATypical Column-mounted Overhead Condenser . .......... ...ttt nnnennernnrnns 24
A.2 Typical A-frame Mounted Spiral Heat Exchanger with Trunnions. . . ............. ... . ... ... . ..., 26
Tables
1 Maximum Allowable Nozzle Loading, Where the Connection is on a Distribution Manifold or a

Centrally Bolted Cover . ... ..o i i e ettt e et a e a i a s aa s 13
2 Maximum Allowable Nozzle Loading, Where the ConnectionisonaCover....................... 13
3 Maximum Allowable Nozzle Loading, on Shell or DishedEnd .............. ... ... . i, 15
4 Gasket Contact Surface Finishes . . ...... ... i it ae e 18
5 Hardness Limits. . . ... ... i i i it ettt i et a et 19
A.1 Indicative Levels of Fouling Margin for Various Process Conditions. . ........................... 25
B.1 Checklist for Spiral Plate Heat Exchangers . . ... ... i i i e e e aeaas 29

Documents

v Document Sharing Hub

Full document details: APl St 664-2014 (2024)


http://www.avadocuments.com/doc/api-st-664-2014-2024
http://www.avadocuments.com/doc/api-st-664-2014-2024

Introduction

It is necessary that users of this standard be aware that further or differing requirements can be needed for individual
applications. This standard is not intended to inhibit a vendor from offering, or the purchaser from accepting,
alternative equipment or engineering solutions for the individual application. This can be particularly applicable where
there is an innovative or developing technology. Where an alternative is offered, it is the responsibility of the vendor to
identify any variations from this standard and provide details.

This standard requires the purchaser to specify certain details and features.

Abullet (@) at the beginning of a section or subsection indicates a requirement for the purchaser to make a decision
or provide information (for information, a checklist is provided in Annex B).

In this standard, where practical, U.S. Customary (USC) or other units are included in parentheses for information.
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Spiral Plate Heat Exchangers

1 Scope

This standard specifies requirements and gives recommendations for the mechanical design, materials
selection, fabrication, inspection, testing, and preparation for shipment of spiral plate heat exchangers for the
petroleum, petrochemical, and natural gas industries. It is applicable to standalone spiral plate heat
exchangers and those integral with a pressure vessel.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NACE MR0103", Materials Resistant to Sulfide Stress Cracking in Corrosive Petroleum Refining Environments

NACE MR0175, Petroleum and Natural Gas Industries—Materials for Use in H,S-containing Environments in
Oil and Gas Production—Parts 1, 2, and 3

NACE SP0472, Methods and Controls to Prevent In-Service Environmental Cracking of Carbon Steel
Weldments in Corrosive Petroleum Refining Environments

3 Terms and Definitions
For the purposes of this document, the following terms and definitions apply.

3.1

alternate channels welded

Channel closures seal-welded at alternate edges such that each chamber is accessible by removing the
corresponding hot or cold side end cover.

3.2
center core
Distribution chamber at the center of the spiral exchanger.

3.3
channel
Spiral passage formed by strips of metal rolled around a center core within an outer shell.

3.4
channel closure
Configuration to seal the edge of the internal spiral plate.

3.5
channel spacing
Distance or gap between adjacent spiral plates.

T NACE International (formerly the National Association of Corrosion Engineers), 1440 South Creek Drive, Houston,

Texas 77084-4906, www.nace.org. oCcu ments
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2 API| STANDARD 664

3.6

channel width

spiral plate width

Width of the strip or plate from which the spiral body is rolled.

3.7
clamp bolting
Peripheral hook style bolting used to seal the end cover to the flange ring.

NOTE 1 Flange-style bolting and cover design are also possible with stud bolts and double nuts.
NOTE 2  See Figure 1.

1 Y
2T 56 7
@
3—1 1 /
4 g
8
Key
1 end cover 5 flange ring
2 liner (for stainless steel or higher) 6 spiral body
3 full-face sheet gasket 7 U-bracket clip
4  coverring 8 clamp bolt

Figure 1—Typical Cover Clamp Bolting

3.8

cover ring

Metal ring welded or integral to the outside face of the end cover that serves as a retaining (grab) ring for the
clamp portion of the end cover.

3.9
cyclic service
Process operation with periodic variation in temperature, pressure, and/or flow rate.

3.10

distribution manifold

pocket

Semi-cylindrical manifold welded to outer shell that allows a fluid to enter or leave the spiral body through
corresponding nozzles in the shell.

3.1
end cover
Cover that seals the fluids in their respective chambers and prevent external leakage.

3.12

exchanger orientation
Orientation of the cylindrical axis (center core) of the spiral plate heat exchanger.
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SPIRAL PLATE HEAT EXCHANGERS 3

3.13

flange ring

sealing ring

Solid metal ring welded to each end of the spiral body to provide the sealing surface for the gasket, designed
to compress the cover and gasket securely against the spiral body using bolts.

3.14
heat transfer area
Surface area of one side of the spiral plate that is in contact with both hot and cold fluids.

NOTE 1 Where multiple plates are used for the channel, then the total area of spiral plates is used to form the spiral
body. This equates to the channel width multiplied by the strip length multiplied by the number of strips.

NOTE 2  Areas of outer shell plate and spacer studs are not included.

3.15
hydrogen service
Service that contains hydrogen at a partial pressure exceeding 700 kPa (100 psi) absolute.

3.16
item number
Purchaser’s identification number for a spiral plate heat exchanger.

3.17

minimum design metal temperature

MDMT

Lowest metal temperature at which pressure-containing elements can be subjected to design pressure.

EXAMPLE Minimum ambient temperature or minimum process fluid temperature.

3.18
outer shell
Outermost plate welded to the internal spiral plates as the pressure boundary for the spiral body.

3.19
pressure design code
Recognized pressure vessel standard specified or agreed by the purchaser.

EXAMPLES ASME BPVC Section VIII; EN 13445 (all parts).

3.20
spacer stud
Pin welded to one spiral plate used to maintain channel spacing.

3.21
spiral plate
Sheet(s) of metal rolled around a center core to form a spiral passage.

3.22

spiral plate length

spiral passage length

Length of strip(s) in the spiral direction corresponding to the length of each spiral passage.

3.23

structural welding code
Recognized structural welding code specified or agreed by the purchaser.
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4 API| STANDARD 664

4 General

® 4.1 The pressure design code shall be specified or agreed by the purchaser. Pressure components shall
comply with the pressure design code and the supplemental requirements in this standard.

® 4.2 The vendor shall comply with the applicable local regulations specified by the purchaser.
4.3 Typical components of a spiral heat exchanger are shown in Figure 2.
4.4 Annex A includes some recommended mechanical and design details for information.

4.5 Annex B provides a checklist that can be used by the purchaser to ensure that bulleted items in this
standard are addressed.

® 4.6 The purchaser shall specify if the service is designated as sour in accordance with NACE MR0175 (all
parts) for oil and gas production facilities and natural gas sweetening plants, or designated as wet hydrogen
sulfide service in accordance with NACE MRO0103 for other applications (e.g. petroleum refineries, LNG
plants, and chemical plants), in which case all materials in contact with the process fluid shall meet the
requirements of the applicable standard to mitigate potential for sulfide stress cracking (SSC). Identification
of the complete set of materials, qualification, fabrication, and testing specifications to prevent in-service
environmental cracking is the responsibility of the user (purchaser).

1
2
ﬁ 3
4
5
1 A
2 6
3
4 5
. 7
6 _ ' ;
9) AL~ v
yar 10
A
8 10 9 8
a) Spiral Flow Both Sides b) Spiral Flow, Cross Flow
Key
1 end cover 4  spiral plate 7  cover bolting 10 center core
2 coverliner 5 distribution manifold 8 flange ring
3 end cover gasket 6 nozzle flange 9 shell flange

Figure 2—Typical Components of Spiral Plate Heat Exchangers
5 Proposal Information Required

5.1 For each heat exchanger unit, the vendor’'s proposal shall include completed datasheets, such as

those in Annex C. Documents
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SPIRAL PLATE HEAT EXCHANGERS 5

5.2 For components not fully defined by Section 3, the vendor shall describe the details of construction
and assembly.

5.3 The proposal shall include a detailed description of all exceptions to the requirements of the
purchaser’s inquiry.

5.4 A proposal drawing shall be furnished that shows the major dimensions in plan and elevation,
including the nozzle sizes and their orientations, along with those for venting and draining, and approximate
mass full of water.

5.5 The vendor's proposal shall include details of the channel closure construction.

5.6 The vendor’s proposal shall include the type of supports.

5.7 The vendor shall supply a recommended spare parts list for each spiral plate heat exchanger.

6 Drawings and Other Data Requirements

6.1 Outline Drawings and Other Supporting Data

6.1.1 The vendor shall submit, for review by the purchaser, outline drawings for each heat exchanger unit.
The drawings shall include the following information:

a) service, item number, project name and location, purchaser's order number, vendor’s shop order
number, and other special identification numbers;

b) design pressure, test pressure, design temperature, minimum design metal temperature (MDMT) for
each side, and any restrictions on testing or operation of the heat exchanger;

c) maximum allowable working pressure (MAWP) in the corroded condition and at the design temperature
for the hot side and cold side;

d) materials specifications and grades for all components;

e) where the heat exchanger is integral with or mounted on a pressure vessel, all mating dimensions, weld
preparation details, including connection to the center core and flange dimensions, gasket and bolting
details;

f)  connection sizes, location, orientation, projection, direction of flow and, if flanged, the rating and facing;

g) coupling sizes, rating, and orientation;

h) dimensions, orientation, and location of supports, including bolt holes and slots;

i) overall dimensions of the heat exchanger;

j) detailed information of the heat exchanger, including outer shell thickness, channel width, center core
type, channel spacing and channel closure type (hot and cold sides), channel plate thickness (hot and
cold sides), spacer stud diameter and layout, end cover dimensions, shell flange dimensions, distribution

manifolds dimensions, cover bolting details, and space required for removable components;

k) mass of the heat exchanger, empty and full of water, and of removable components with a mass greater
than 25 kg (60 Ib), e.g. end covers;

[)  maximum allowable forces and moments on each connection;
m) specified corrosion allowance for each side of the heat exchanger;
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6 API| STANDARD 664

n) references to the applicable code, standards, and the purchaser’s specification;

0) requirements for postweld heat treatment;

p) hardness test requirements;

gq) requirements for nondestructive examination (NDE);

r) requirements for material impact testing;

s) requirements for surface preparation and painting;

t) gasket materials;

u) insulation thickness;

v) location and orientation of nameplates, lifting lugs, grounding clips, or other attachments;

w) location of the center of gravity of the empty exchanger. For units with hinged covers, the center of
gravity shall be shown for one or both covers open.

6.1.2 The review of engineering documents by the purchaser shall not relieve the vendor of the
responsibility of meeting the requirements of the purchase order.

6.2 Information Required After Outline Drawings Are Reviewed

6.2.1 Gasket details, including type and material, shall be provided. Details of any gasket jointing shall be
included (see 7.8.2). This information shall not be marked with any restrictions for use.

6.2.2 Upon receipt of the purchaser’s review comments on the outline drawings, the vendor shall submit
copies of all detailed (nonproprietary) drawings. These shall fully describe the heat exchanger and shall
include at least the following information:

a) full views and cross-sectional views with all dimensions and materials sufficient for mechanical design
calculations for each part;

b) details of each pressure-retaining weld, including weld material, weld nominal thickness, weld location,
and applicable NDE;

c) details of each weld and weld nominal thickness for nonpressure attachments;

d) complete bills of materials, including the material specification;

e) details of cladding and weld overlay;

f)  flange-face finish;

g) installation, operation, and maintenance instructions (manual), including lifting and handling.

® 6.2.3 If specified by the purchaser, the vendor shall furnish copies of applicable welding procedure
specifications, procedure qualifications and weld map for review or record.

6.2.4 Where sour or wet hydrogen sulfide service is specified, a Certified Material Test Report (CMTR) for
all carbon steel materials in contact with the process fluid shall be supplied for the purchaser’s review.

® 6.2.5 If specified by the purchaser, the vendor shall furnish for the purchaser’s review or record the
following documentation:
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SPIRAL PLATE HEAT EXCHANGERS 7

a) mechanical design calculations for all the heat exchanger pressure-retaining components. If calculations
are made using computer software, all input and output data shall be detailed so as to facilitate an
understanding of the calculation procedures. The equations in the applicable sections of the pressure
design code shall be referenced;

b) mechanical calculations shall be provided for deflection of the end covers;

c) design calculations based on seismic, wind, transportation, and/or piping loads, if these loads are
provided by the purchaser;

d) recommended tools and proposed procedures for assembly of flanged joints, if controlled bolt-tightening
procedures (such as hydraulic torque wrenches or hydraulic tensioning devices) are used. Any required
lubricants shall be stated,;

e) design calculations for loads imposed on nozzles of heat exchangers attached to a vertical vessel.

® 6.2.6 The vendor shall submit design calculations for supports and lifting devices, if specified by the
purchaser.

6.2.7 After final review, the vendor shall revise all the required drawings and welding procedures and
submit each with the following text marked on every sheet separately and dated: “CERTIFIED FOR
CONSTRUCTION.”

6.3 Reports and Records

® After the heat exchanger is completed, the vendor shall furnish the purchaser with the following documents
in the format and quantities specified by the purchaser:

a) “as-built” datasheet;
b) all outline and detail drawings, marked “CERTIFIED AS-BUILT”;
c) certified record of all impact tests performed;

d) certified mill test reports for all pressure parts, including channel plates (each material test report shall
be identified by a part number);

e) complete certified bill of materials suitable for obtaining all replacement parts, including quantity,
description, material specification, and identification of each part;

f)  temperature charts of all postweld heat treatments;

g) completed manufacturer’s data report in accordance with the pressure design code;
h) nameplate rubbing or a facsimile;

i)  all mechanical design calculations, marked “CERTIFIED AS-BUILT”;

i) NDE map;

k) all associated NDE reports, including radiographic, magnetic-particle, liquid-penetrant, ultrasonic,
hardness, impact, positive material identification (PMI), and any other reports as applicable;

[) hydrostatic test records in the form of a chart or certification.
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7 Design
7.1 General

® 7.1.1 The purchaser shall specify if either fluid stream is subject to any of the following: cyclic service; fluid
characteristics requiring special considerations (e.g. slurry, entrained particulates, other types of fouling
mechanisms); and temperature, flow rate, and/or pressure fluctuations.
7.1.2 If cyclic service is specified, the purchaser shall also specify the type and magnitude of variation in
pressure, temperature, and flow rate, the time for the variation (hours, weeks, etc.), and the number of cycles
or frequency for this variation expected during the life of the equipment. The extent and acceptance criteria
of any required analysis shall be subject to the agreement of the purchaser. See A.3.1 for guidance on cyclic
service.

7.1.3 If fluids are specified as containing particulates, the purchaser shall specify the percentage of
particulates in the fluid and the particle size distribution to ensure the proper channel spacing is selected.

® 7.1.4 The purchaser shall specify if internal mechanical cleaning or jetting (i.e. where a lance is inserted
within the channels) is required, in which case the minimum channel spacing shall be 10 mm (3/8 in.) and the
stud layout shall be aligned to allow cleaning lanes.

7.1.5 The exchanger’'s high and low points shall be capable of being vented and drained in the operating
position. The manufacturer shall advise if the equipment is not capable of being fully vented and drained.

7.1.6 A discussion on suitable configurations for spiral heat exchangers is included in A.3.2.
7.2 Design Temperatures
® 7.21 The purchaser shall specify the design temperature and MDMT for each side.

7.2.2 The design temperature of a component (including bolting) influenced by more than one fluid shall be
the more severe design temperature.

7.3 Design Pressure

Unless otherwise specified or approved by the purchaser, the spiral plate heat exchanger shall be designed
for design pressure on either side, with atmospheric pressure or, if specified, vacuum on the other side.

7.4 Fouling Margin
® The purchaser shall specify a percentage fouling margin, F, as given in Equation (1):
F = (U gean/U senice ~1)%100 (1)
where U is the heat transfer coefficient (overall thermal transmittance).
See A.3.3 for guidance on fouling margins.
7.5 Corrosion Allowance

® 7.5.1 Corrosion allowance shall be specified by the purchaser for material in contact with each process
fluid.

7.5.2 Corrosion allowance shall not be applied to the spiral plate and spacer studs, unless specifically
required by the purchaser.
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