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Foreword 
 
 
This document (EN ISO 13706:2005) has been prepared by Technical Committee ISO/TC 67 
"Materials, equipment and offshore structures for petroleum and natural gas industries" in 
collaboration with Technical Committee CEN/TC 12 "Materials, equipment and offshore 
structures for petroleum and natural gas industries", the secretariat of which is held by AFNOR. 
 
This European Standard shall be given the status of a national standard, either by publication of 
an identical text or by endorsement, at the latest by April 2006, and conflicting national 
standards shall be withdrawn at the latest by April 2006. 
 
This document supersedes EN ISO 13706:2000. 
 
According to the CEN/CENELEC Internal Regulations, the national standards organizations of 
the following countries are bound to implement this European Standard: Austria, Belgium, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, 
Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom. 
 
 

Endorsement notice 
 

The text of ISO 13706:2005 has been approved by CEN as EN ISO 13706:2005 without any 
modifications. 
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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 13706 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structures 
for petroleum, petrochemical and natural gas industries, Subcommittee SC 6, Processing equipment and 
systems. 

This second edition cancels and replaces the first edition (ISO 13706:2000), which has been technically 
revised. 

EN ISO 13706:2005

Full document details: BS EN ISO 13706:2005

http://www.avadocuments.com/doc/bs-en-iso-13706-2005
http://www.avadocuments.com/doc/bs-en-iso-13706-2005


vi 
 

Introduction 

Users of this International Standard should be aware that further or differing requirements may be needed for 
individual applications. This International 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 
may be particularly applicable where there is innovative or developing technology. Where an alternative is 
offered, the vendor should identify any variations from this International Standard and provide details. 
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Petroleum, petrochemical and natural gas industries — Air-
cooled heat exchangers 

1 Scope 

This International Standard gives requirements and recommendations for the design, materials, fabrication, 
inspection, testing and preparation for shipment of air-cooled heat exchangers for use in the petroleum and 
natural gas industries. 

This International Standard is applicable to air-cooled heat exchangers with horizontal bundles, but the basic 
concepts can also be applied to other configurations. 

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. 

ISO 76, Rolling bearings — Static load ratings 

ISO 281, Rolling bearings — Dynamic load ratings and rating life 

ISO 286 (all parts), ISO system of limits and fits 

ISO 1081, Belt drives — V-belts and V-ribbed belts, and corresponding grooved pulleys — Vocabulary 

ISO 1459, Metallic coatings — Protection against corrosion by hot dip galvanizing — Guiding principles 

ISO 1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and test methods 

ISO 2491, Thin parallel keys and their corresponding keyways (Dimensions in millimetres) 

ISO 3744, Acoustics — Determination of sound power levels of noise sources using sound pressure — 
Engineering method in an essentially free field over a reflecting plane 

ISO 4183, Belt drives — Classical and narrow V-belts — Grooved pulleys (system based on datum width) 

ISO 4184, Belt drives — Classical and narrow V-belts — Lengths in datum system 

ISO 5287, Belt drives — Narrow V-belts for the automotive industry — Fatigue test 

ISO 5290, Belt drives — Grooved pulleys for joined narrow V-belts — Groove sections 9N/J, 15N/J and 25N/J 
(effective system) 

ISO 8501-1, Preparation of steel substrates before application of paints and related products — Visual 
assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel 
substrates and of steel substrates after overall removal of previous coatings 
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ISO 9563, Belt drives — Electrical conductivity of antistatic endless synchronous belts — Characteristics and 
test method 

AGMA 60011), Design and selection of components for enclosed gear drives 

AGMA 6010, Standard for spur, helical, herringbone and bevel enclosed drives 

ASME PTC 302), Air cooled heat exchangers 

ICC3), International Building Code 

3 Terms and definitions 

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

3.1 
bank 
one or more items arranged in a continuous structure 

3.2 
bare tube surface 
total area of the outside surfaces of the tubes, based on the length measured between the outside faces of the 
header tubesheets 

3.3 
bay 
one or more tube bundles, serviced by two or more fans, including the structure, plenum and other attendant 
equipment 

NOTE Figure 1 shows typical bay arrangements. 

3.4 
finned surface 
〈of a tube〉 total area of the outside surface exposed to air 

3.5 
forced-draught exchanger 
exchanger designed with the tube bundles located on the discharge side of the fan 

3.6 
induced-draught exchanger 
exchanger designed with the tube bundles located on the suction side of the fan 

3.7 
item 
one or more tube bundles for an individual service 

3.8 
item number 
purchaser's identification number for an item 

                                                      

1) American Gear Manufacturers' Association, 1500 King Street, Suite 201, Alexandria, VA 22314, USA. 

2) American Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016-5990, USA. 

3) International Code Council Foundation, 10624 Indian Woods Drive, Cincinnati, OH 45242, USA. 
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3.9 
pressure design code 
recognized pressure vessel standard specified or agreed by the purchaser 

EXAMPLE ASME Section VIII. 

3.10 
structural code 
recognized structural standard specified or agreed by the purchaser 

EXAMPLES AISC M011 and AISC S302. 

3.11 
tube bundle 
assembly of headers, tubes and frames 

  

a)   One-bay b)   Two-bay 

Key 
1 tube bundle 

Figure 1 — Typical bay arrangements 

EN ISO 13706:2005

Full document details: BS EN ISO 13706:2005

http://www.avadocuments.com/doc/bs-en-iso-13706-2005
http://www.avadocuments.com/doc/bs-en-iso-13706-2005


4 
 

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 given in 
this International Standard. 

NOTE A bullet ( ) at the beginning of a subclause indicates a requirement for the purchaser to make a decision or 
provide information (see checklist in Annex B). 

4.2 The air-cooled heat exchanger shall be either a forced-draught exchanger or an induced-draught 
exchanger and shall include the components shown in Figure 2 and any auxiliaries such as ladders, walkways 
and platforms. 

4.3 Annex A, which may be consulted if required, includes for information some recommended mechanical 
and design details. Annex A also includes precautions for consideration when specifying certain design 
aspects, including temperature limitations, type of extended surface, tube support methods, type of air-cooled 
heat exchanger, materials of gasket construction and operational considerations such as walkway access. 

 4.4 The vendor shall comply with the applicable local regulations specified by the purchaser. 

4.5 In this International Standard, where practical, US Customary units are included in brackets for 
information. 

  

a)   Forced draught b)   Induced draught 

Key 
1 tube bundle 
2 header 
3 nozzle 
4 supporting column 
5 plenum 

 
6 fan 
7 fan ring 
8 fan deck 
9 drive assembly 
10 fan guard 

Figure 2 — Typical components of an air-cooled heat exchanger 
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5 Proposals 

5.1 The vendor's proposal shall include a completed data sheet for each item (see example in Annex B). 

5.2 A proposal drawing shall be furnished which shows the major dimensions in plan and elevation, and the 
nozzle sizes and their orientation. 

5.3 The proposal shall state whether vertically mounted electric motors shall be shaft up or shaft down. 

5.4 The proposal shall fully define the extent of shop assembly and include a general description of the 
components to be assembled in the field. 

5.5 Any proposal for a design that is not fully described in this International Standard shall include 
additional drawings sufficient to describe the details of construction. 

5.6 The proposal shall include a detailed description of any exceptions to the specified requirements. 

 5.7 The proposal shall include noise data. The proposal shall include a noise data sheet (see example in 
Annex B) if specified by the purchaser. 

5.8 The proposal shall include fan performance characteristic curves with the design point marked on the 
curves. 

5.9 The proposal shall include details of the method used to secure the fin ends, see 7.1.11.7. 

6 Documentation 

6.1 Approval information 

 6.1.1 For each item number, the vendor shall produce documents which include the following information. 
The purchaser shall specify which documents shall be submitted and which of them shall be subject to 
approval: 

a) purchaser's item number, the service, the project name and location, the purchaser's order number and 
the vendor's shop order number; 

b) design pressure, maximum allowable working pressure, test pressure, maximum and minimum design 
temperature, and corrosion allowance; 

c) any applicable codes and purchase specifications of the purchaser; 

d) material specifications and grades for all pressure parts; 

e) overall dimensions; 

f) dimensions and locations of supports and sizes of holding-down bolts; 

g) nozzle size, rating, facing, location, projection beyond header surface, allowable loadings (forces and 
moments) and direction of flow; 

h) drive mount details; 

i) masses of the tube bundle, the exchanger empty and full of water, and the mass of the heaviest 
component or combination of components intended by the vendor to be handled in a single lift; 

j) column reactions for each load type listed in 7.3.3; 
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k) post-weld heat treatment requirements; 

l) radiographic and other non-destructive examination requirements; 

m) surface preparation and painting requirements; 

n) design exposure temperatures for mechanical and instrumentation components; 

o) nameplate and its position; 

p) tube-to-tubesheet joint and details of joint preparation. 

q) plug torque values with recommended thread lubrication. 

6.1.2 The vendor shall also furnish gasket detail drawings, field assembly drawings, and drawings for all 
auxiliary equipment and controls furnished. Drawings shall show electrical and control connections, including 
those of motive and signal air for any pneumatically actuated louvres or fans. The gasket details shall include 
type and material, and shall be shown on a separate drawing. 

 6.1.3 Calculations required by the pressure design code shall be made for the design of pressure 
components, including header boxes, tubes and tube joints. Additionally, sufficient detail shall be supplied for 
any non-standard pressure boundary components, such as swage-type transition nozzles. If specified by the 
purchaser, the calculations shall be submitted for approval. 

 6.1.4 If specified by the purchaser, weld maps, all proposed welding procedures, including tube to 
tubesheet welding procedures and qualifications (including impact test results, if applicable) shall be submitted 
for approval prior to fabrication. 

 6.1.5 Further engineering information required from the vendor for installation, operation, maintenance, or 
inspection shall be a matter of agreement between the purchaser and the vendor. 

6.2 Final records 

6.2.1 The vendor shall maintain records of the materials used and fabrication details for at least 10 years. 

 6.2.2 The purchaser shall specify which of the following shall be furnished, and shall specify if any of them 
shall be in an electronic medium: 

a) an “as-built” data sheet, including material specifications and grades for all pressure parts; 

b) a manufacturer's data report in accordance with the pressure design code; 

c) certified material test reports for all pressure parts; 

d) fan and hub data, including shaft bore and keyway dimensions and coupling and sheave data; 

e) a schematic diagram for automatically controlled fan pitch or louvre blade adjustment, if the controller is 
furnished by the vendor; 

f) installation, operation and maintenance instructions, including the type of lubrication furnished for gears 
and bearings; 

g) parts list; 

h) a certified noise data sheet for the air-cooled heat exchanger with the fans operating at rated speed and 
at design conditions; 

i) fan performance characteristic curves showing the operating point and shaft power consumption; 
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j) louvre characteristic performance curve; 

k) temperature recorder charts made during post-weld heat treatment of the headers; 

l) non-destructive testing records. 

7 Design 

7.1 Tube bundle design 

7.1.1 General 

7.1.1.1 Tube bundles shall be rigid, self-contained, and designed for handling as a complete assembly. 

7.1.1.2 The vendor shall make provision for lateral movement of exchanger tube bundles of at least 6 mm 
(1/4 in) in both directions or 12,7 mm (1/2 in) in only one direction, unless the purchaser and the vendor agree 
on a different value. 

7.1.1.3 Provision shall be made to accommodate thermal expansion of tubes. 

7.1.1.4 All tubes shall be supported to prevent sagging and meshing or deformation of fins. Tube 
supports shall be spaced not more than 1,83 m (6 ft) from centre to centre. 

7.1.1.5 A hold-down member (tube keeper) shall be provided at each tube support. Hold-down members 
shall be attached to side frames by bolting. 

7.1.1.6 Tubes of single-pass condensers shall be sloped downward at least 10 mm/m (1/8 in/ft) towards 
the outlet header. 

7.1.1.7 Tubes of multi-pass condensers need not be sloped. 

7.1.1.8 Air seals shall be provided throughout the tube bundle and the bay to minimize air leakage and 
bypassing. Any air gap that exceeds 10 mm (3/8 in) in width shall be sealed. 

7.1.1.9 The minimum thickness of metal used for air seal construction shall be 2,7 mm (12 gauge USS) 
(0,105 in) within the bundle side frame and 1,9 mm (14 gauge USS) (0,08 in) outside the bundle side frame. 

NOTE USS is US Standard for sheet and plate iron and steel. 

7.1.1.10 Bolts for removable air seals shall be at least 10 mm (3/8 in) nominal diameter. 

 7.1.1.11 Winterization shall be as specified or agreed by the purchaser. Annex C should be used. 

 7.1.1.12 The exchanger shall be designed for an internal steam-out operation at the temperature, 
pressure, and operating conditions if specified by the purchaser. 

7.1.2 Heating coils 

7.1.2.1 Heating coils provided to protect the tube bundle against freeze-up shall be in a separate bundle, 
and not part of the tube bundle. 

7.1.2.2 Heating coils shall cover the full width of the tube bundle. 

7.1.2.3 The tube pitch of the heating coil shall not exceed twice the tube pitch of the tube bundle. 

7.1.2.4 If steam is used as heating fluid, heating coils shall be single pass, and the tubes shall be sloped 
downward at least 10 mm/m (1/8 in/ft) towards the outlet. 
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7.1.2.5 Pipe-type headers with welded-in tubes may be used for steam service. 

7.1.3 Tube bundle design temperature 

 7.1.3.1 The maximum and minimum design temperatures for pressure parts shall be as specified by the 
purchaser. 

 7.1.3.2 The purchaser shall separately specify the maximum operating temperature to be applied for fin 
type selection (the fin design temperature). The design temperatures for pressure parts are not intended to 
govern fin type selection or to apply in determining exposure temperatures of mechanical and instrumentation 
components. 

7.1.4 Tube bundle design pressure 

 The design pressure shall be as specified by the purchaser. 

7.1.5 Corrosion allowance 

 7.1.5.1 The corrosion allowance shall be as specified by the purchaser for all surfaces exposed to the 
process fluid, except that no corrosion allowance shall be provided for tubes, gaskets or gasket contact 
surfaces. If not specified, a minimum corrosion allowance of 3 mm (1/8 in) shall be provided for carbon and 
low-alloy steel components. 

7.1.5.2 The corrosion allowance shall be provided on each side of pass partition plates or stiffeners. 

7.1.5.3 A thickness equal to the depth of the pass partition groove may be considered as available 
corrosion allowance on grooved cover plate and tubesheet surfaces. 

7.1.6 Headers 

7.1.6.1 General 

 7.1.6.1.1 Headers shall be designed to prevent excessive warpage of tubesheets and/or leakage at tube 
joints. The analysis shall consider maximum operating temperature and maximum cooling conditions at 
minimum ambient air temperature. If specified by the purchaser, the analysis shall consider alternative 
operations such as low process flow at low ambient air temperature, freezing of fluids in tubes, steam-out, loss 
of fans due to power failure, and cycling conditions. 

7.1.6.1.2 If the fluid temperature difference between the inlet and the outlet of a multi-pass bundle exceeds 
110 °C (200 °F), U-tube construction, split headers or other methods of restraint relief shall be employed. 

7.1.6.1.3 The need for restraint relief in single- or multi-pass bundles shall be investigated regardless of the 
fluid temperature difference between the inlet and outlet of the bundle. The designer shall provide calculations 
to prove the adequacy of the design. Some of the stresses are additive, and tube joint efficiency shall be 
considered. Calculations shall consider the following stress combinations: 

a) For tube stress and/or tube joint stress: 

1) stress caused by pressure and temperature; 

2) stress caused by nozzle forces and moments; 

3) stress caused by differential tube expansion (including that caused by waxing or fouling) between 
rows/passes in the coil sections; 

4) stress caused by lateral header movement. 
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b) For header and nozzle stress: 

1) stress caused by temperature and pressure; 

2) stress caused by nozzle forces and moments; 

NOTE Forces and moment can induce movement of the header, see Note in 7.1.10.2. 

3) stress caused by differential tube expansion between rows/passes in the coil sections. 

c) For header attachments and supports (including coil side frames and cooler structure): 

1) stress caused by mass of header full of  water; 

2) stress caused by nozzle forces and moments; 

NOTE Forces and moment can induce movement of the header, see Note in 7.1.10.2. 

3) stress caused by tube expansion. 

NOTE There can be additional loads and stresses imposed on the tube bundle that have not been stated above 
(e.g. seismic). 

7.1.6.1.4 Headers shall be designed so that the cross-sectional flow area of each pass is at least 100 % of 
the flow area in the corresponding tube pass. 

7.1.6.1.5 The lateral velocity in the header shall not exceed the velocity in the nozzle. Multiple nozzles or 
an increased header cross-sectional area may be required. 

7.1.6.1.6 The minimum nominal thickness of header components shall be as shown in Table 1. 

Table 1 — Minimum nominal thickness of header components 

Component Minimum thickness 

 Carbon or low-alloy 
steel 

High-alloy steel or 
other material 

Tubesheet 19 mm (3/4 in) 16 mm (5/8 in) 

Plug sheet 19 mm (3/4 in) 16 mm (5/8 in) 

Top, bottom and end plates 12 mm (1/2 in) 10 mm (3/8 in) 

Removable cover plates 25 mm (1 in) 22 mm (7/8 in) 

Pass partition plates and stay plates 12 mm (1/2 in) 6 mm (1/4 in) 

NOTE The thickness indicated for any carbon or low-alloy steel component includes a corrosion 
allowance of up to 3 mm (1/8 in). The thickness indicated for any component of high-alloy steel or other 
material does not include a corrosion allowance. The thickness is based on an expanded tube-to-
tubesheet joint with one groove. 

7.1.6.1.7 Pass partitions used as stay plates for the tubesheet and plug sheet shall be made of one integral 
plate. 

7.1.6.1.8 Header types other than those described in 7.1.6.2 or 7.1.6.3 may be proposed as an alternative 
design (see Clause 12). 
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7.1.6.2 Removable cover plate and removable bonnet headers 

7.1.6.2.1 The cover plate header design shall permit removal of the cover without disturbing header piping 
connections. Figure 3a) shows typical construction of tube bundles with removable cover plate headers. 

7.1.6.2.2 The bonnet header design shall permit removal of the bonnet with the minimum dismantling of 
header piping connections. Figure 3 b) shows typical construction of tube bundles with removable bonnet 
headers. 

7.1.6.2.3 Bolted joints shall be designed using through bolts with either confined gaskets or unconfined full-
face gaskets. Stud bolt construction may be used if approved by the purchaser. Gasket contact surfaces on 
cover plates, matching header box flanges and tubesheets shall be machined. The surface finish shall be 
appropriate for the type of gasket (A.7 may be consulted for guidance on this).Typical constructions are shown 
in Figure 4. 

7.1.6.2.4 Either jackscrews or a minimum clearance of 5 mm (3/16 in) shall be provided at the cover 
periphery to facilitate dismantling. 

7.1.6.2.5 Stay-bolts shall not be used. 

7.1.6.2.6 For stud type construction, provision (e.g. sliding pins) shall be made to prevent damage to the 
studs during handling of the cover plate. 

7.1.6.2.7 The minimum nominal diameter of through-bolts shall be 16 mm (5/8 in). The minimum nominal 
diameter of stud bolts shall be 20 mm (3/4 in). 

7.1.6.2.8 The maximum spacing between bolt centres shall be in accordance with the pressure design 
code. 

7.1.6.2.9 The minimum spacing between bolt centres shall be as shown in Table 2. 
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a)   Removable cover-plate header 

 

b)   Removable bonnet header 

Key   
1 tubesheet 
2 removable cover plate 
3 removable bonnet 
4 top and bottom plates 
5 tube 

6 pass partition 
7 gasket 
8 nozzle 
9 side frame 
10 tube spacer 

11 tube support cross-member 
12 tube keeper 
13 vent 
14 drain 
15 instrument connection 

Figure 3 — Typical construction of tube bundles with removable cover plate and removable 
bonnet headers 
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a)   Flanged construction, 
confined gasket 

b)   Flanged construction, 
semi-confined gasket 

c)   Flanged construction, 
non-confined gasket 

Figure 4 — Typical confined and full-faced gasket joint details 

Table 2 — Minimum flange bolt spacing 

Nominal bolt diameter Minimum bolt spacing 

16 mm (5/8 in) 38 mm (1 1/2 in) 

19 mm (3/4 in) 44 mm (1 3/4 in) 

22 mm (7/8 in) 52 mm (2 1/16 in) 

25 mm (1 in) 57 mm (2 1/4 in) 

29 mm (1 1/8 in) 64 mm (2 1/2 in) 

32 mm (1 1/4 in) 71 mm (2 13/16 in) 

35 mm (1 3/8 in) 76 mm (3 1/16 in) 

38 mm (1 1/2 in) 83 mm (3 1/4 in) 

41 mm (1 5/8 in) 89 mm (3 1/2 in) 

44 mm (1 3/4 in) 95 mm (3 3/4 in) 

48 mm (1 7/8 in) 102 mm (4 in) 

51 mm (2 in) 108 mm (4 1/4 in) 

7.1.6.2.10 Spacing between bolts straddling corners shall be such that the diagonal distance between bolts 
adjacent to the corner does not exceed the lesser of the spacing on the sides or the ends. 

7.1.6.3 Plug headers 

7.1.6.3.1 Threaded plug holes shall be provided opposite the ends of each tube for access. Holes shall be 
threaded to the full depth of the plug sheet. Figure 5 shows typical construction of a tube bundle with plug 
headers. 

7.1.6.3.2 The nominal thread diameter of the plug holes shall be equal to the outside diameter of the tube 
plus at least 3 mm (1/8 in). 

7.1.6.3.3 Gasket contact surfaces of plug holes shall be spot-faced. The edges of the facing shall be free of 
burrs. 
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Key   
1 tubesheet 
2 plug sheet 
3 top and bottom plates 
4 end plate 
5 tube 
6 pass partition 

7 stiffener 
8 plug 
9 nozzle 
10 side frame 
11 tube spacer 
12 tube support cross-member 

13 tube keeper 
14 vent 
15 drain 
16 instrument connection 

Figure 5 — Typical construction of a tube bundle with plug headers 

7.1.7 Plugs for tube access 

7.1.7.1 Plugs shall be the shoulder type with straight-threaded shanks. 

7.1.7.2 Hollowed plugs shall not be used. 

7.1.7.3 Plugs shall have hexagonal heads. The minimum dimension across the flats shall be at least 
equal to the plug shoulder diameter. 

7.1.7.4 The pressure seal shall be maintained by means of a gasket between the flange of the plug and 
the plug sheet. 

7.1.7.5 Positive means (such as a self-centring taper) shall be provided to ensure seating of the gasket in 
the spot-faced recess. 
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7.1.7.6 Plugs shall be long enough to fill the plug sheet threads, with a tolerance of ± 1,5 mm (1/16 in), 
except for galling materials or if the nominal plug sheet thickness is greater than 50 mm (2 in), for which 
alternative designs may be used with the approval of the purchaser. Additional factors to consider in selecting 
the plug design are thread interference, erosion, crevice corrosion and retention of fluid in cavities. 

7.1.7.7 The thickness of the plug head from its gasket surface to the top face shall be at least 50 % of the 
nominal tube outside diameter. Greater thickness may be required due to pressure rating and material 
considerations. 

7.1.7.8 Threads of plugs having nominal diameters 30 mm (1 1/4 in) and smaller shall be fine series 
threads. 

7.1.8 Gaskets 

7.1.8.1 Plug gaskets shall be of the solid-metal or double-metal-jacketed, filled type, of the same general 
material classification as the plug. 

7.1.8.2 Plug gaskets shall be flat and free of burrs. 

7.1.8.3 The minimum thickness of solid metal plug gaskets shall be 1,5 mm (0,060 in). 

7.1.8.4 For joint type a) in Figure 4, cover plate and bonnet gaskets shall be of the double-metal-jacketed, 
filled type. Filler material shall be non-asbestos and shall be suitable for sealing, exposure resistance and fire 
safety performance. 

7.1.8.5 For joint type b) in Figure 4, double-metal-jacketed, filled type gaskets or [at design pressures of 
2 100 kPa gauge (300 psig) or less] compressed sheet composition gaskets suitable for the service shall be 
used. Gaskets shall be non-asbestos and shall be suitable for sealing, exposure resistance and fire safety 
performance. 

7.1.8.6 For joint type c) in Figure 4, compressed sheet composition gaskets suitable for the service may 
be used at design pressures of 2 100 kPa gauge (300 psig) or less. Gaskets shall be non-asbestos and shall 
be suitable for sealing, exposure resistance and fire safety performance. 

7.1.8.7 The width of removable cover plate and removable bonnet gaskets shall be at least 10 mm 
(3/8 in). 

7.1.8.8 Gaskets shall be of one piece. 

7.1.8.9 A.7 may be consulted for further guidance on gaskets. 

7.1.9 Nozzles and other connections 

7.1.9.1 Flanges shall be in accordance with the pressure design code unless otherwise specified by 
purchaser. 

7.1.9.2 Connections of nominal size DN 32 (NPS 1 1/4), DN 65 (NPS 2 1/2), DN 90 (NPS 3 1/2), DN 125 
(NPS 5) or less than DN 20 (NPS 3/4) shall not be used. 

7.1.9.3 Connections DN 40 (NPS 1 1/2) and larger shall be flanged. 

7.1.9.4 In hydrogen service [i.e. if the partial pressure of hydrogen is greater than 700 kPa (100 psia)] all 
connections shall be flanged and slip-on flanges shall not be used. 

7.1.9.5 If design conditions require the equivalent of PN 150 (ANSI 900) or higher flange ratings, all 
connections shall be flanged. 

7.1.9.6 The nominal thickness of the nozzle neck, of carbon steel and low-alloy steel flanged connections 
shall not be less than specified in Table 3. 

EN ISO 13706:2005

Full document details: BS EN ISO 13706:2005

http://www.avadocuments.com/doc/bs-en-iso-13706-2005
http://www.avadocuments.com/doc/bs-en-iso-13706-2005


15

Table 3 — Minimum nozzle neck nominal thickness 

Pipe size 
DN (NPS) 

Nozzle neck thickness 
mm (in) 

20 (3/4) 5,56 (0,219) 

25 (1) 6,35 (0,250) 

40 (1 1/2) 7,14 (0,281) 

50 (2) 8,74 (0,344) 

80 (3) 11,13 (0,438) 

100 (4) 13,49 (0,531) 

150 (6) 10,97 (0,432) 

200 (8) 12,70 (0,500) 

250 (10) 15,09 (0,594) 

300 (12) 17,48 (0,688) 

NOTE The data in this table are taken from ASME B36.10M, 
using Schedule 160 for sizes up to DN 100 (NPS 4) and Schedule 80 
for the larger sizes. 

7.1.9.7 The facing of process flanges shall be in a horizontal plane unless another arrangement is 
specified by the purchaser. 

7.1.9.8 Flanged carbon steel connections shall be one of the following types: 

a) a forged or centrifugally cast, integrally flanged welding neck; 

b) a pipe welded to a forged or centrifugally cast welding neck flange; 

c) a seamless transition piece attached to a forged or centrifugally cast welding neck flange; 

d) a cast or fabricated transition, if allowed by the purchaser; 

e) a pipe or a seamless transition welded to a forged slip-on flange. 

7.1.9.9 If a transition is used, stay bars, greater header thickness or greater nozzle thickness may be 
required to provide adequate mechanical strength. 

7.1.9.10 Except in hydrogen service (see 7.1.9.4), forged carbon steel slip-on flanges may be used on 
connections to headers that are limited to: 

a) a maximum design pressure of 2 100 kPa gauge (300 psig); 

b) a maximum design temperature of 450 °C (850 °F); 

c) a maximum service corrosion allowance of 3 mm (1/8 in). 

7.1.9.11 Threaded connections shall be DN 25 (NPS 1), except that pressure gauge connections shall be 
DN 20 (NPS 3/4). 

7.1.9.12 Threaded connections shall be one of the following types and shall comply with the pressure 
design code: 

a) forged steel full-coupling threaded one end only, with a suitable rating (e.g. ASME B16.11, class 6 000); 

b) forged steel fitting with integral reinforcement; 

c) tapped holes for vent and drain connections, where header plate thickness permits; 

d) equivalent boss connection. 
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7.1.9.13 If a thermowell connection is specified, it shall be located in the nozzle unless the nozzle is 
smaller than DN 100 (NPS 4), in which case the connection shall be located on the header adjacent to the 
nozzle. 

7.1.9.14 If a pressure gauge connection is specified it shall be located on the nozzle unless the nozzle is 
smaller than DN 80 (NPS 3), in which case the connection shall be located on the header adjacent to the 
nozzle. 

7.1.9.15 Pipe threads shall be taper pipe threads (e.g. ASME B1.20.1) and shall comply with the pressure 
design code. 

 7.1.9.16 The size, type and location of chemical cleaning connections, if any, shall be specified by the 
purchaser. 

7.1.9.17 If specified, instrument connections shall be located in at least one inlet and outlet nozzle per 
bundle, except that none are required in intermediate nozzles of stacked bundles. 

7.1.9.18 All threaded piping connections shall be closed with a round-headed solid plug. 

7.1.9.19 Flanged auxiliary connections, if any, shall be closed with blind flanges. The gasket and bolting 
materials shall be suitable for the specified operating conditions. 

7.1.9.20 Vent and drain connections shall be provided at high and low points respectively on each header. 
Header nozzles installed at high and low points may serve as vents and drains. Connections serving as vents 
and drains shall not extend into the header beyond the inside surface. 

7.1.9.21 If the header thickness will not permit minimum thread engagement of vent and drain plugs, 
couplings or built-up bosses shall be installed. 

7.1.9.22 Bolts between connecting nozzles of stacked tube bundles shall be removable without moving the 
bundles. 

7.1.10 Maximum allowable moments and forces for nozzles and headers 

7.1.10.1 Each nozzle, in its design corroded condition, shall be capable of withstanding the simultaneous 
application of the moments and forces defined in Figure 6 and Table 4. 

7.1.10.2 The design of each fixed or floating header, the design of the connections of fixed headers to side 
frames, and the design of other support members shall ensure that the simultaneous application (sum) of all 
nozzle loadings on a single header will cause no damage. The components of the nozzle loadings on a single 
header shall not exceed the following values: 

Mx 6 100 N ⋅ m (4 500 ft ⋅ lbf) 

My 8 130 N ⋅ m (6 000 ft ⋅ lbf) 

Mz 4 070 N ⋅ m (3 000 ft ⋅ lbf) 

Fx 10 010 N [2 250 lbf] 

Fy 20 020 N [4 500 lbf] 

Fz 16 680 N [3 750 lbf] 

NOTE The application of the moments and forces shown in Table 4 will cause movement that will tend to reduce the 
loads to the values given here. 
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Key 
1 fin tubes 

Figure 6 — Nozzle loads 

Table 4 — Maximum allowable nozzle loads 

Nozzle size 

DN (NPS) 

Moments 

N⋅m (ft⋅lbf) 

Forces 

N (lbf) 

 Mx My Mz Fx Fy Fz 

40 (1 1/2) 110 (80) 150 (110) 110 (80) 670 (150) 1 020 (230) 670 (150) 

50 (2) 150 (110) 240 (180) 150 (110) 1 020 (230) 1 330 (300) 1 020 (230) 

80 (3) 410 (300) 610 (450) 410 (300) 2 000 (450) 1 690 (380) 2 000 (450) 

100 (4) 810 (600) 1 220 (900) 810 (600) 3 340 (750) 2 670 (600) 3 340 (750) 

150 (6) 2 140 (1 580) 3 050 (2 250) 1 630 (1 200) 4 000 (900) 5 030 (1 130) 5 030 (1 130) 

200 (8) 3 050 (2 250) 6 100 (4 500) 2 240 (1 650) 5 690 (1 280) 13 340 (3 000) 8 010 (1 800) 

250 (10) 4 070 (3 000) 6 100 (4 500) 2 550 (1 880) 6 670 (1 500) 13 340 (3 000) 10 010 (2 250) 

300 (12) 5 080 (3 750) 6 100 (4 500) 3 050 (2 250) 8 360 (1 880) 13 340 (3 000) 13 340 (3 000) 

350 (14) 6 100 (4 500) 7 120 (5 250) 3 570 (2 630) 10 010 (2 250) 16 680 (3 750) 16 680 (3 750) 
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7.1.10.3 The total of all nozzle loads on one multi-bundle bay shall not exceed 3 times that allowed for a 
single header. 

7.1.10.4 See 7.1.6.1.3 for further details. 

7.1.11 Tubes 

7.1.11.1 The outside diameter of cylindrical tubes should be at least 25,4 mm (1 in). 

 7.1.11.2 The maximum tube length shall be as specified by the purchaser. 

7.1.11.3 The wall thickness for tubes with an outside diameter of 25,4 mm (1 in) to 38,1 mm (1 1/2 in) shall 
not be less than that specified in Table 5. 

Table 5 — Minimum required wall thickness of tubes 

Tube material Minimum required wall thickness 

Carbon steel or ferritic low-alloy steel (max. 9 % 
chromium) 

2,11 mm (0,083 in) 

High-alloy [austenitic, ferritic and austenitic/ferritic 
(duplex)] steel 

1,65 mm (0,065 in) 

Non-ferrous material 1,65 mm (0,065 in) 

Titanium 1,24 mm (0,049 in) 

For embedded fin tubes, this thickness shall be measured from the bottom of the groove to the inner wall. 

Greater wall thickness may be required for severe services or certain tube configurations. 

7.1.11.4 Tubes shall be furnished on either a minimum wall basis or an average wall basis, provided the 
wall thickness is nowhere less than that specified in 7.1.11.3. 

7.1.11.5 Tubes may be finned or unfinned. 

7.1.11.6 For a finned tube, the total unfinned length between tubesheets after assembly shall not exceed 
1,5 times the thickness of one tubesheet. 

 7.1.11.7 Any finned tube construction shall be a matter of agreement between the purchaser and the 
vendor. The type of construction furnished shall be demonstrated by the vendor to be suitable for the intended 
service conditions (taking into account factors such as metal temperature, cycling, loss of cooling, effect of 
environment and any specified abnormal operating conditions). The following are descriptions of several types 
of commonly used finned tube construction. 

a) Embedded — rectangular cross-section aluminium fin wrapped under tension and mechanically 
embedded in a groove 0,25 mm ± 0,05 mm (0,010 in ± 0,002 in) deep, spirally cut into the outside surface 
of a tube. Tube wall thickness is measured from the bottom of the groove to the inside diameter of the 
tube. The fin end at each end of the tube shall be secured to prevent loosening or unravelling of the fins; 
the vendor shall indicate the method used. 

b) Extruded (integral) — an aluminium outer tube from which fins have been formed by extrusion, 
mechanically bonded to an inner tube or liner. 

c) Overlapped footed — L-shaped aluminium fin wrapped under tension over the outside surface of a tube, 
with the tube fully covered by the overlapped feet under and between the fins. The fin end at each end of 
the tube shall be secured to prevent loosening or unravelling of the fins; the vendor shall indicate the 
method used. 
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d) Footed — L-shaped aluminium fin wrapped under tension over the outside surface of a tube, with the 
tube fully covered by the feet between the fins. The fin end at each end of the tube shall be secured to 
prevent loosening or unravelling of the fins; the vendor shall indicate the method used. 

e) Externally bonded — Tubes on which fins are bonded to the outside surface by hot-dip galvanizing, 
brazing or welding. 

f) Knurled footed — L-shaped aluminium fin wrapped under tension over the outside surface of a tube, 
while the foot of the fin is simultaneously pressed into the ribbed outer surface of the tube. The fin end at 
each end of the tube shall be secured to prevent loosening or unravelling of the fins; the vendor shall 
indicate the method used. 

7.1.11.8 For fins wrapped under tension or embedded, the minimum stock thickness shall be as follows: 

⎯ for fin heights less than 12,7 mm (1/2 in), the minimum stock thickness shall be 0,35 mm (0,014 in); 

⎯ for fin heights equal to and above 12,7 mm (1/2 in), the minimum stock thickness shall be 0,40 mm 
(0,016 in). 

7.1.11.9 Flattening in the bend of U-tubes shall not exceed 10 % of the nominal outside diameter of the 
tube. 

7.1.11.10 The minimum tube wall thickness at the U-bend shall be calculated as follows: 

b
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where 

tb is the minimum tube wall thickness after bending; 

t is the tube wall thickness before bending; 

Do is the tube outside diameter; 

Rm is the mean radius of U-bend. 

The calculated thickness, tb, shall not be less than the specified minimum required tube wall thickness as 
specified in 7.1.11.3. 

7.1.11.11 If U-bends are formed from tube materials that are relatively non-work-hardening and are of 
suitable temper, tube-wall thinning in the bends shall not exceed 17 % of the original tube wall thickness. 

7.1.11.12 U-bends formed from tube materials having low ductility or materials which are susceptible to 
work hardening may require special consideration. If cold working induces embrittlement or susceptibility to 
stress corrosion in some materials or environments, then heat treatment should be considered. 

7.1.11.13 Elliptical tubes shall not be used unless agreed to by the purchaser. A.1.4 may be consulted for 
further guidance on elliptical tubes. 

7.2 Air-side design 

7.2.1 General 

 7.2.1.1 Factors such as weather, terrain, mounting, environment and the presence of adjacent structures, 
buildings and equipment influence the air-side performance of an air-cooled heat exchanger. The purchaser 
shall supply the vendor with all such environmental data pertinent to the design of the exchanger. These 
factors shall be taken into account in the air-side design. 
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7.2.1.2 The need for air-flow control shall be as defined by the purchaser on the basis of specific process 
operation requirements, including the effect of weather. 

7.2.1.3 Fan selection at design conditions shall ensure that at rated speed the fan can provide, by an 
increase in blade angle, a 10 % increase in air flow with a corresponding pressure increase. Since this 
requirement is to prevent stall and inefficient operation of the fan, the resulting increased power requirement 
need not govern the driver rating. 

7.2.1.4 The vendor may estimate the design exposure temperatures for mechanical components using 
conventional heat transfer analyses and shall submit the estimate for approval if requested by the purchaser. 
Alternatively, these temperatures may be estimated by the following methods: 

a) The design exposure temperature for mechanical and instrumentation components located above the 
tube bundle shall be equal to or greater than the following values: 

1) the maximum process inlet temperature less 60 °C (100 °F) (the maximum process inlet temperature 
is not the mechanical design temperature); 

2) the heating coil inlet temperature less 60 °C (100 °F) (the heating coil inlet temperature is not the 
heating coil mechanical design temperature); 

3) for units with exhaust air louvres, automatically controlled pitch fans, variable speed drive, or two-
speed fan motors, the inlet temperatures stated above less 30 °C (50 °F). 

In no case shall the minimum design exposure temperature be less than the design dry-bulb temperature. 

b) The design exposure temperature for mechanical and instrumentation components located below the tube 
bundle shall be equal to or greater than the following values: 

1) the maximum process inlet temperature less 120 °C (200 °F) (the maximum process inlet 
temperature is not the mechanical design temperature); 

2) the heating coil inlet temperature less 120 °C (200 °F) (the heating coil inlet temperature is not the 
heating coil mechanical design temperature); 

3) for units with exhaust air louvres, automatically controlled pitch fans, variable speed drive, or two-
speed fan motors, the inlet temperatures stated above less 60 °C (100 °F). 

For items using air recirculation systems, design exposure temperatures for each operating mode (start-
up, normal operation, shutdown, loss of power, stagnated air flow, one fan inoperable, etc.) shall be 
examined. 

7.2.2 Noise control 

 7.2.2.1 For a heat exchanger operating in the specified service with fans operating at design speed and 
pitch, either or both of the following noise limits shall be specified by the purchaser: 

a) sound pressure level (SPL) values per fan at the location designated by the purchaser; 

b) sound power level (PWL) values per fan. 

NOTE A typical noise data sheet is shown in Annex B. 

The vendor shall submit sound power and sound pressure levels of the equipment, taking into account 
relevant information, e.g. inlet shape (type and dimension of bell or cone), obstructions, etc. Reference to fan 
includes driver, speed reducer, etc. 
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7.2.2.2 The order of preference for obtaining the required noise data shall be as follows: 

a) actual testing of a representative bay installed either in an environment remote from other noise sources 
(shop or field tests) or installed in an operating plant; 

b) derivation of noise data by testing similar equipment and adjusting the data for the actual equipment size 
and operating conditions. Both the measured data and the correction procedure shall be reported. 

7.2.2.3 The procedure for determining noise levels shall be in accordance with ISO 3744, using the 
hemispherical method for determining sound power levels. 

7.2.3 Fans and fan hubs 

 7.2.3.1 Two or more fans aligned in the direction of tube length shall be provided for each bay, except 
that single-fan arrangements may be used if agreed by the purchaser. 

7.2.3.2 Fans shall be of the axial flow type. 

7.2.3.3 Each fan shall be sized such that the area occupied by the fan is at least 40 % of the bundle face 
area served by that fan (the bundle face area being the nominal width of the bundle or bundles multiplied by 
the nominal tube length). The fan diameter shall be at least 1 m (3 ft). 

7.2.3.4 Each fan shall be located such that its dispersion angle shall not exceed 45° at the bundle 
centreline, as shown in Figure 7. 

 7.2.3.5 The fan tip speed shall not exceed the maximum value specified by the fan manufacturer for the 
selected fan type. Fan tip speed shall not exceed 60 m/s (12 000 ft/min) unless approved by the purchaser. In 
no case shall the fan tip speed exceed 80 m/s (16 000 ft/min). Noise limitations may require lower speeds. 

7.2.3.6 The radial clearance between the fan tip and the fan orifice ring shall be as shown in Table 6. 
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Key 
1 plenum 5 forced draught 
2 induced draught 6 side 
3 centreline of bundle 7 front 
4 fan ring  

Figure 7 — Fan dispersion angle 

Table 6 — Radial clearances 

Fan diameter Radial clearance 
m (ft) Minimum Maximum 

W 1,0 and u 3,0 (W 3 and u 9) 6,35 mm (1/4 in) 12,7 mm (1/2 in) 

> 3,0 and u 3,5 (> 9 and u 11) 6,35 mm (1/4 in) 15,9 mm (5/8 in) 

> 3,5 (> 11) 6,35 mm (1/4 in) 19,05 mm (3/4 in) 

7.2.3.7 Detachable fan blades shall be moment-balanced against a master blade. 

7.2.3.8 Each fan assembly shall be balanced by one of the following means: 

a) dynamic balancing as an assembly; 

b) dynamic balancing of the hub and static moment-balancing of the blades. 
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7.2.3.9 The fan assembly shall be designed to minimize reverse air flow at the hub. 

 7.2.3.10 For fans having a diameter larger than 1,5 m (5 ft), individual fan blades shall be manually 
adjustable for varying blade pitch. The use of automatic control for varying the blade pitch shall be as 
specified by the purchaser. 

7.2.3.11 Fans equipped for pneumatically actuated, automatically-controlled pitch adjustment of blades 
shall comply with the following. 

a) If a single controller operates more than one actuator, the purchaser shall provide an isolating valve in the 
control signal line for each actuator, to allow maintenance. 

b) The pneumatic actuator may be equipped with a positioner or a bias relay. 

c) If provided, the positioner or bias relay shall be designed to operate on a 20 kPa to 100 kPa gauge 
(3 psig to 15 psig) pneumatic control signal. Each change in the control signal shall result in a 
corresponding change in the fan blade pitch. The operating range of the positioner shall be adjusted so 
that the maximum pitch obtained is equal to the selected design blade angle setting. The fan 
manufacturer shall set maximum and minimum blade pitch limit stops. Unless otherwise specified by the 
purchaser, the minimum blade pitch limit shall result in an essentially zero air flow. 

d) The vendor shall furnish a flexible tubing connection approximately 300 mm (12 in) long for connecting to 
the purchaser's control-air line. The tubing shall connect to a rigid steel or alloy pipe or tube that 
terminates outside the fan enclosure. A terminal fitting for connection to the purchaser's control-air line 
shall be DN 8 (NPS 1/4). Pipe threads shall be taper pipe threads. 

 e) The purchaser shall specify the direction of change of the fan pitch with loss of control-air pressure. 

7.2.3.12 Hub and fan assemblies with automatically controllable pitch adjustment employing lubricated 
joints shall be designed to minimize lubrication maintenance through the use of bearings not requiring periodic 
re-lubrication. 

7.2.3.13 The fan characteristic performance curve shall relate static or total pressure, rate of flow, blade 
pitch and fan input shaft power, for dry-air standard conditions as stated in Table 7. The operating point and 
power for the specified design conditions shall be shown on the fan characteristic performance curve. 

Table 7 — Dry-air standard conditions 

Dry-bulb temperature 21,1 °C (70 °F) 

Pressure 101,3 kPa (29,92 in of mercury) 

Density 1,2 kg/m3 (0,075 lb/ft3) 

7.2.3.14 The natural frequency of the fan or fan components shall not be within 10 % of the blade-pass 
frequency. Blade-pass frequency (in passes per second) equals the number of blades multiplied by the fan 
speed (in revolutions per second). Slipping drive belts, low power supply voltage or variable fan-speed control 
operation will cause fan speeds lower than design values; if the blade pass frequency exceeds the natural 
frequency of the fan or component, the effect of such operation shall be evaluated. 

7.2.3.15 No materials (fan blades, hubs, blade retainers and any elastomeric material, etc.) shall be 
exposed to temperatures above the manufacturer's recommended operating limit, regardless of whether the 
fan is at rest or in operation. 

7.2.3.16 The fan design for the exchanger shall take into account the additional pressure drop associated 
with the air flowing across insect screens and lint screens, plus an additional allowance for fouling that will 
take place on the screens. The estimated additional fouling pressure drop component shall be equal to two (2) 
times the clean pressure drop through the screens. The pressure drop from air flowing across hail screens 
shall also be taken into account, although there is no need to add additional fouling pressure drop due to the 
location of the hail screens. 
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7.2.4 Fan shafts and bearings 

7.2.4.1 Anti-friction shaft bearings shall have a calculated rating life, L10, of 50 000 h at maximum load 
and speed in accordance with ISO 281 and/or ISO 76, where L10 is the number of hours at rated bearing load 
and speed that 90 % of a group of identical bearings will complete or exceed before the first evidence of 
failure. 

7.2.4.2 The bearing design shall incorporate seals to prevent loss of lubricant and entry of foreign 
materials. 

7.2.4.3 The fan shaft diameter shall suit the bearings. Bearings shall be sized in accordance with 7.2.4.1. 

7.2.4.4 Fan shaft stresses shall not exceed the values given in AGMA 6001. 

7.2.4.5 Fan shafts shall have key seats and fits in accordance with ISO 2491 and ISO 286 (tolerance N8). 

7.2.4.6 Fan bearing exposure temperatures above 130 °C (260 °F) require one or more special features 
such as high-temperature seals, heat stabilization, retainers or modified internal clearances. Lubricants shall 
be suitable for the design exposure temperature plus any temperature due to friction and loading. 

7.2.5 Lubrication facilities 

Connections shall be provided outside the fan guards to permit grease lubrication of fan shaft bearings without 
shutdown of the equipment. Stainless steel tubing with an outside diameter of at least 6 mm (1/4 in) shall be 
used for grease lines. The connections shall be accessible from grade or service platforms. The length of the 
grease lines should be minimized. 

7.2.6 Fan guards 

7.2.6.1 Removable steel fan guards shall be furnished on forced-draught exchangers. 

7.2.6.2 The materials of fan blades and fan guards shall be a non-sparking combination. 

7.2.6.3 Flattened expanded metal for fan guards shall not exceed 50 mm (2 in) nominal mesh size. 

7.2.6.4 The minimum thickness of expanded metal mesh shall be as shown in Table 8. 

Table 8 — Minimum thickness of expanded metal fan guard mesh 

Nominal size Minimum thickness 

40 mm (1 1/2 in) 2 mm (0,070 in) 

50 (2 in) 3 mm (0,110 in) 

7.2.6.5 The openings in woven or welded mesh for fan guards shall not exceed an average area of 
2 600 mm2 (4 in2) if the wire spacing in both directions exceeds 25 mm (1 in). 

7.2.6.6 The thickness of wire for welded or woven mesh shall be at least 2,76 mm (12 BWG) (0,109 in). 

NOTE BWG is Birmingham Wire Gauge. 

7.2.6.7 Fan guards shall be designed with stiffening members so that a concentrated load of 1 000 N 
(200 lbf) on any 0,1 m2 (1 ft2) shall not cause fastener failure or stiffener deflection greater than L/90, where L 
is the length of the span between points of support. 

7.2.6.8 The distance from the fan guard to the fan blade at its maximum operating pitch shall be at least 
150 mm (6 in) or six times the smaller of the opening dimensions, whichever is less. 

7.2.6.9 Gaps between the fan guard and equipment or between sections of the fan guard shall not 
exceed 12 mm (1/2 in). 
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7.2.7 Drivers 

7.2.7.1 General 

 7.2.7.1.1 The purchaser shall specify the type of drive system and the vendor's scope of supply. 

7.2.7.1.2 For electric motor drivers, the rated shaft power available at the motor shaft shall be the greater of 
the terms on the right sides of the following equations. 

Pdr W 1,05 (Pf1/Em) 

Pdr W 1,10 (Pf2) 

where 

Pdr = driver rated shaft power; 

Pf1 = fan shaft power operating at specified minimum design temperature with blade angle set for design 
dry-bulb temperature; 

Em = mechanical efficiency of separate power transmissions; 

Pf2 = fan shaft power operating at design dry-bulb temperature. 

These requirements apply to fixed-pitch, variable-pitch and variable-speed fans unless otherwise specified. 

7.2.7.2 Electric motor drivers 

 7.2.7.2.1 Electric motors shall be three-phase, totally enclosed, fan-cooled motors suitable for service in 
petrochemical installations and capable of full-voltage starting, full-phase inversion, continuous duty and 
designed for an 80 °C (140 °F) temperature rise over 40 °C (104 °F) ambient temperature at nameplate rating. 
The purchaser shall specify the voltage and frequency, the applicable motor specification, the hazardous area 
classification, the temperature classification and the insulation class. 

7.2.7.2.2 The motor manufacturer shall be advised that the motor is intended for air-cooled heat exchanger 
service and operation outdoors, unprotected against the weather. If the motor is to operate vertically, the 
motor manufacturer shall verify in writing that the motor is suitable for vertical operation, either shaft up or 
shaft down. 

7.2.7.2.3 Unless otherwise agreed by the purchaser, motor frames shall be of cast steel or corrosion-
resistant cast iron, with integrally cast support feet. 

7.2.7.2.4 The motor design loading shall exclude the service factor allowance. 

7.2.7.2.5 Motors shall have grease-lubricated bearings designed for an L10 life of at least 40 000 h under 
continuous duty at rated load and speed (see 7.2.4.1 for the definition of L10). If the motor is to be mounted 
vertically, the bearing lubrication system and seals shall be suitable for a vertically mounted motor. 

7.2.7.2.6 If the motor is mounted in the shaft-up position, the belt sheave shall be designed as a shield to 
prevent water from accumulating and being directed down the motor shaft while the motor is either idle or 
running. Alternatively, an external conical slinger may be fitted to the shaft to prevent water from entering the 
housing along the shaft. 

7.2.7.2.7 Motors shall have drains at the lowest point of the frame as mounted on the air-cooled heat 
exchanger. 

7.2.7.2.8 Standard motors are designed for 40 °C (104 °F) ambient temperature and altitudes not 
exceeding 1 000 m (3 280 ft). Higher temperatures and/or altitudes (resulting in reduced air density) may 
require improved insulation or an increase in motor frame size. If the motor is required to be suitable for 
service exceeding the standard conditions, the motor manufacturer shall be notified. 
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7.2.7.2.9 If specified by the purchaser, a self-actuating braking device shall be installed to prevent reverse 
rotation of an idle fan. 

7.2.7.3 Variable-speed drive systems 

Requirements for variable-speed drive systems (VSDS) shall be agreed between the purchaser and the 
vendor. 

7.2.8 Couplings and power transmissions 

7.2.8.1 General 

7.2.8.1.1 Bushings and couplings shall be either split taper or cylindrical fit and shall be keyed. 

7.2.8.1.2 Power transmission components shall have a rated power for continuous service that is at least 
equal to the rated power of the actual driver multiplied by the component service factor. 

7.2.8.1.3 Fan shaft and gear shaft couplings shall be the non-lubricated type and shall have a minimum 
service factor of 1,5. 

7.2.8.1.4 Exposed moving parts shall have guards in accordance with 7.2.8.4. 

7.2.8.1.5 Figure 8 shows typical drive arrangements. 

  

a)   Direct right-angle gear drive b)   Belt drive 

  

c)   Direct motor drive d)   Right-angle gear drive with fan support 

Figure 8 — Typical drive arrangements 
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e)   Suspended belt drive, motor shaft down f)   Suspended belt drive, motor shaft up 

 
Key 
1 fan 
2 gear box 
3 coupling 
4 bearing 
5 sheave 

 
6 belt drive 
7 motor 
8 fan ring 
9 base plate 
10 fan support 

Figure 8 (continued) 

7.2.8.2 Belt drives 

7.2.8.2.1 Belt drives shall be either conventional V-belts or high-torque type positive-drive belts. 

7.2.8.2.2 Belt drives in a heated air stream (such as top-mounted drives) shall not be used unless 
approved by the purchaser. If so approved, the belt design temperature shall take into account the maximum 
air temperature near the belt (or the maximum belt temperature possible due to radiation) under all conditions; 
decreased fan efficiency shall also be taken into account. The vendor shall indicate how the driver is 
suspended; the driver should not be located in the heated air stream (see also 7.2.7.2.8 and 7.2.8.2.13). 

7.2.8.2.3 Belt drives shall be provided with guards in accordance with 7.2.8.4. 

7.2.8.2.4 Belt drives shall be provided with jack screws or an equivalent means of initial belt-tensioning 
and/or re-tensioning. 

7.2.8.2.5 V-belt drives shall be in accordance with ISO 1081, ISO 4183, ISO 4184, ISO 5287, ISO 5290 
and/or ISO 9563 as applicable. 

7.2.8.2.6 V-belts shall be either matched sets of individual belts or a multiple-belt section formed by joining 
a matched set of individual belts. 

7.2.8.2.7 High-torque type positive-drive belts may be either one belt or a pair of matched belts. 

7.2.8.2.8 V-belts shall have a minimum service factor of 1,4 based on driver-rated power. 

7.2.8.2.9 High-torque type positive-drive belts shall have a minimum service factor of 1,8 based on driver-
rated power. 

7.2.8.2.10 V-belt drive assemblies suspended from the structure may be used with motor drivers rated not 
higher than 30 kW (40 hp). 

7.2.8.2.11 High-torque type positive-drive-belt drive assemblies suspended from the structure may be used 
with motor drivers rated not higher than 45 kW (60 hp). 

7.2.8.2.12 The drive-belt jacket shall be oil resistant. 

7.2.8.2.13 Standard drive-belt materials are limited to an exposure temperature of 60 °C (140 °F). 
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7.2.8.3 Gear drives 

7.2.8.3.1 Electric motors rated higher than 45 kW (60 hp) shall use gear drives; smaller motors may use 
gear drives. 

7.2.8.3.2 Gear drives for electric motors rated not higher than 45 kW (60 hp) may be suspended from the 
structure. 

7.2.8.3.3 Gears shall be of the spiral bevel type. They shall have a minimum service factor of 2,0 in 
accordance with AGMA 6010. 

7.2.8.3.4 Top-mounted gear drives shall not be used. 

7.2.8.3.5 Gear boxes shall be provided with an external oil level indicator visible from the maintenance 
platform. 

7.2.8.4 Mechanical power transmission guards 

7.2.8.4.1 Guards shall be provided for moving components. 

7.2.8.4.2 Guards shall be constructed to allow ready access for maintenance of the equipment. 

7.2.8.4.3 Gaps between guards and equipment shall not exceed 12 mm (1/2 in). 

7.2.9 Vibration cut-out switches 

 7.2.9.1 One readily accessible, double-throw, two-contact vibration cut-out switch shall be provided for 
each fan driver unit if specified by the purchaser. 

7.2.9.2 Vibration cut-out switches shall be of the manual, externally reset type not requiring dismantling of 
the switch for resetting and shall have sensitivity adjustment. 

7.2.10 Louvres 

7.2.10.1 All requirements in 7.2.10 apply to both parallel- and opposed-action louvres, unless otherwise 
specified. 

7.2.10.2 The thickness of louvre blades manufactured from plain sheets shall be at least 1,5 mm 
(16 gauge USS) (0,060 in) for carbon steel and 2,3 mm (13 gauge USS) (0,090 in) for aluminium. The 
thickness of extruded hollow-shaped aluminium blades shall be at least 1,5 mm (16 gauge USS) (0,060 in). 

7.2.10.3 Frames of carbon steel shall be at least 3,5 mm (10 gauge USS) (0,135 in) thick; frames of 
aluminium shall be at least 4 mm (0,160 in) thick. 

7.2.10.4 The unsupported louvre blade length shall not exceed 2,1 m (7 ft). 

7.2.10.5 The deflections of louvre blades and side frames shall not exceed the values given in Table 9. 

Table 9 — Maximum allowable louvre deflection 

 Maximum deflection 

Louvre blades in closed position with 
design load of 2 000 N/m2 (40 lb/ft2) 

L/180 

Louvre side frames with uniform 
design load of 1 000 N/m2 (20 lb/ft2) 

L/360 

L = length of the span between points of support. 
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