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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
liasison with 1SQ_also take part in the work |SO collaborates closely with the International Electrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational 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 cast|ng a vote.

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

Internationjal Standard 1SO 13705 was prepared by Technical Committeé. ISO/TC 67, Materials, equipment and
offshore dtructures for petroleum and natural gas industries, Subcommittee SC 6, Processing equipment and
systems.

Annexes D and E form a normative part of this InternationalStandard. Annexes A, B, C, F, G and H are for
information only.

© 1SO 2001 — All rights reserved \%
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Introduction

This International Standard is based on API standard 560, second edition, September 1995.

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 nquipmnnf or nnginnnring solutions for the individual npplinnﬁnn This may be
particularly gpplicable where there is innovative or developing technology. Where an alternative ishoffered, the
vendor should identify any variations from this International Standard and provide details.

In Internatiopal Standards, the Sl system of units is used. Where practical in this International Stapdard, US
Customary uhits are included in brackets for information.

A bullet (®)]|at the beginning of a clause or subclause indicates that either a decision is required|or further
information i$ to be provided by the purchaser. This information should be indicated-on”data sheets (see examples
in annex A) ¢r stated in the enquiry or purchase order. Decisions should be indicated on a check list (see example
in annex B).

Vi © ISO 2001 — Al rights reserved
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INTERNATIONAL STANDARD

ISO 13705:2001(E)

Petroleum and natural gas industries — Fired heaters for general
refinery service

1 Scope

This International Standard specifies requirements and gives recommendations for the |desig
fabrication, inspection, testing, preparation for shipment, and erection of fired heaters, air_pfeheatg
burners fof general refinery service.

2 Normative references

The follow

ng normative documents contain provisions which, through reference in this text, constitute

N, materials,
rs, fans and

provisions of

this Interrfational Standard. For dated references, subsequent amendments to, or revisions of, any of these

publication
investigatg

undated references, the latest edition of the normative document referred to applies. Members of
maintain registers of currently valid International Standards.

ISO 850141, Preparation of steel substrates before application of paints and related products — Visua

of surface
substrates

ISO 13704
EN 10025
AFBMA S
AMCA 99
AMCA 201
AMCA 21
ASME B1]
ASME B3

s do not apply. However, parties to agreements based on_this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

cleanliness — Part 1: Rust grades and preparation grades of uncoated steel substrates
after overall removal of previous coatings

, Petroleum and natural gas industries*— Calculation of heater-tube thickness in petroleum
), Hot rolled products of non-alloy.structural steels — Technical delivery conditions

andard 92), Load ratings and fatigue life for ball bearings

2404-783), Drive arrarigéments for centrifugal fans

, Fans and systenis

, Laboratory.methods of testing fans for aerodynamic performance rating

7.14), Keys and keyseats

.3,.Process piping

ncouraged to
d below. For
SO and IEC

assessment
and of steel

refineries

ASME Boi

ler and pressure vessel code, Section VIII, Rules for construction of pressure vessels

ASTM A 369), Standard specification for carbon structural steel

1) European Committee for Standardization (CEN), Rue de Stassart 36, B-1050 Brussels, Belgium.
2) Anti-Friction Bearing Manufacturers Association, 1200 19th Street NW, Suite 300, Washington, DC 20036-2412, USA.

3) Air Movement and Control Assocation, 30 West University Drive, Arlington Heights, IL 60004, USA.

4) American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10017, USA.
5) American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA.

© 1SO 2001 — All rights reserved
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ASTM A 105
ASTM A 123

, Standard specification for carbon steel forgings for piping applications

, Standard specification for zinc (hot-dip galvanized) coatings on iron and steel products

ASTM A 143, Standard practice for safeguarding against embrittlement of hot-dip galvanized structural steel
products and procedure for detecting embrittlement

ASTM A 153

, Standard specification for zinc coating (hot-dip) on iron and steel hardware

ASTM A 161, Standard specification for seamless low-carbon and carbon-molybdenum steel still tubes for refinery

service

ASTM A 181

ASTM A 182
parts for high

ASTM A 192

ASTM A 19
service

ASTM A 194

service, or both

ASTM A 209
ASTM A 210

ASTM A 213
exchanger tu

ASTM A 216
service

ASTM A 21
parts, suitab

ASTM A 234
temperature

ASTM A 24(
and strip for

ASTM A 242
ASTM A 283
ASTM A 297

Standard specification Tor carbon Steel forgings, for general-purpose piping

, Standard specification for forged or rolled alloy-steel pipe flanges, forged fittings, and
-temperature service

Standard specification for seamless carbon steel boiler tubes for high-pressure\service

B, Standard specification for alloy-steel and stainless steel bolting materials for high-te

, Standard specification for carbon and alloy steel nuts for bolts for high-pressure or high-teg

Standard specification for seamless carbon-molybdenum:alloy-steel boiler and superheate
Standard specification for seamless medium-carbon steel boiler and superheater tubes

, Standard specification for seamless ferritic and_austenitic alloy-steel boiler, superheater
bes

, Standard specification for steel castings,) carbon, suitable for fusion welding, for high-tg

(, Standard specification for steel castings, martensitic stainless and alloy, for pressure-
e for high-temperature service

Standard specification for'piping fittings of wrought carbon steel and alloy steel for moderat
service

, Standard specification for heat-resisting chromium and chromium-nickel stainless steel pl
bressure vessels

Standard specification for high-strength low-alloy structural steel
Standard specification for low and intermediate tensile strength carbon steel plates

, Stahdard specification for steel castings, iron-chromium and iron-chromium-nickel, heat re

alves and

mperature

mperature

tubes

and heat-

mperature

containing

e and high

hte, sheet,

sistant, for

general appl|
ASTM A 307
ASTM A 320

, Standard specification for carbon steel bolts and studs, 60 000 psi tensile strength

, Standard specification for alloy steel bolting materials for low-temperature service

ASTM A 325, Standard specification for structural bolts, steel, heat treated, 120/105 ksi minimum tensile strength

ASTM A 351, Standard specification for castings, austenitic, austenitic-ferritic (duplex), for pressure-containing

parts

ASTM A 384, Standard practice for safeguarding against warpage and distortion during hot-dip galvanizing of steel

assemblies

© 1SO 2001 — All rights reserved
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ASTM A 385, Standard practice for providing high-quality zinc coatings (hot-dip)
ASTM A 387, Standard specification for pressure vessel plates, alloy steel, chromium-molybdenum
ASTM A 403, Standard specification for wrought austenitic stainless steel piping fittings

ASTM A 447, Standard specification for steel castings, chromium-nickel-iron alloy (25-12 class), for high-
temperature service

ASTM A 560, Standard specification for castings, chromium-nickel alloy

ASTM A 572, Standard specification for high-strength, low alloy columbium-vanadium structural steel

ASTM A B08, Standard specification for centrifugally cast iron-chromium-nickel high-alloy tubing |for pressure
applicationy at high temperatures

ASTM B 366, Standard specification for factory-made wrought nickel and nickel alloy fittings
ASTM B 407, Standard specification for nickel-iron-chromium alloy seamless pipe andtube
ASTM B 564, Standard specification for nickel alloy forgings

ASTM B 633, Standard specification for electrodeposited coatings of zinc on iroh and steel
ASTM C 27, Standard classification of fireclay and high-alumina refractery brick

ASTM C 155, Standard classification of insulating firebrick

ASTM C 332, Standard specification for lightweight aggregates-for insulating concrete
ASTM C 401, Standard classification of alumina and alumina-silicate castable refractories
ASTM C §12, Standard specification for mineral fiber-block and board thermal insulation
AWSS®) D11, Structural welding code — Steel

AWS D1416-96, Specification for welding of rotating elements of equipment

MSS SP-357), Quality standard for steel-castings for valves, flanges and fittings, and other piping components —
Visual method

NFPA 708), National electrical‘code

3 Terms and definitions

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

NOTE Terms and definitions related to centrifugal fans are given in annex E.

31

air heater

air preheater

heat transfer apparatus through which combustion air is passed and heated by a medium of higher temperature,
such as the combustion products, steam or other fluid

6) American Welding Society, 550 NW Le Jeune Road, Miami, FL 33126, USA.
7) Manufacturers Standardization Society, 127 Park Street NE, Vienna, VA 22180, USA.
8) National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02269-9101, USA.

© 1SO 2001 — All rights reserved 3
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3.2

anchor

tieback

metallic or refractory device that holds the refractory or insulation in place

3.3
arch
flat or sloped portion of the heater radiant section opposite the floor

3.4
atomizer

device used toreduee llquld fuetHto-afinemist

backup layer
refractory layer behind the hot face layer

3.6
balanced draught heater
heater which|uses forced-draught fans to supply combustion air and uses induced fans to remove flue gases

3.7

breeching
heater section where flue gases are collected after the last convection coilfor transmission to the stack of the outlet
ductwork

3.8
bridgewall
gravity wall
wall which sgparates two adjacent heater zones

3.9
bridgewall temperature
temperature pf flue gas leaving the radiant section

3.10

burner
device which introduces fuel and-airinto a heater at the desired velocities, turbulence and conceptration to
establish and maintain proper ignition and combustion

NOTE Burners are classified) by the type of fuel fired, such as oil, gas, or a combination of gas and oil, whjch may be
designated as|“dual fuel” or “combination”.

3.1
butterfly damper
single-blade damper which pivots about its centre

3.12
casing
metal plate used to enclose the fired heater

3.13
castable
insulating concrete poured or gunned in place to form a rigid refractory shape or structure

3.14
ceramic fibre
fibrous refractory insulation composed primarily of silica and alumina

NOTE Applicable forms include blanket, board, module, rigidized blanket, and vacuum-formed shapes.

4 © 1SO 2001 — Al rights reserved
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3.15
convection section
portion of the heater in which the heat is transferred to the tubes primarily by convection

3.16

corbel

projection from the refractory surface generally used to prevent flue gas bypassing the tubes of the convection
section if they are on a staggered pitch

3.17

corrosion allowance

additional prateriat-thickness-addedto-attow-formateriaHoss-due-tocorrosion
3.18

corrosion rate
rate of reduction in the material thickness due to chemical attack from the process fluid or flué-gas or bpth

NOTE Corrosion rate is expressed in millimetres per year (mils per year).

3.19
crossover
interconngcting piping between any two heater-coil sections

3.20
damper
device for fintroducing a variable resistance in order to regulate the‘flow of flue gas or air

3.21
direct air preheater
heat exchanger which transfers heat directly between the-flue gas and the combustion air

NOTE A regenerative air preheater uses heated rotating elements and a recuperative design uses stationary tubes, plates,
or cast iron|elements to separate the two heating media.

3.22
draught
negative pressure (vacuum) of the airand/or flue gas measured at any point in the heater

3.23
draught l¢ss
pressure drop (including buoyancy effect) through duct conduits or across tubes and equipment in airland flue gas
systems

3.24
duct
conduit for air or flue gas flow

3.25

fuel efficiency

total heat absorbed divided by the total input of heat derived from the combustion of fuel only (lower heating value
basis)

NOTE This definition excludes sensible heat of the fuels and applies to the net amount of heat exported from the unit.

3.26

thermal efficiency

total heat absorbed divided by the total input of heat derived from the combustion of fuel (%) plus sensible heats
from air, fuel and any atomizing medium

© 1SO 2001 — All rights reserved 5
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3.27
erosion
reduction in material thickness due to mechanical attack from a fluid

3.28
excess air
amount of air above the stoichiometric requirement for complete combustion

NOTE Excess air is expressed as a percentage.
3.29
extended surface

heat-transfer{surface in the form of fins or studs attached to the heat-absorbing surface

3.30
extension ratio
ratio of total putside exposed surface to the outside surface of the bare tube

3.31
flue gas
gaseous progluct of combustion including excess air

3.32
forced-draught heater
heater for whHich combustion air is supplied by a fan or other mechanicalmeans

3.33
fouling allowance
factor to alloyv for a layer of residue that increases pressure drop

NOTE 1 THhis residue is usually a build-up of coke or scale©n the inner surface of a coil.
NOTE 2  THe fouling allowance is used in calculating.the fouled pressure drop.

3.34
fouling resigtance
factor used tp calculate the overall heat transfer coefficient

NOTE The inside fouling resistance-is used to calculate the maximum metal temperature for design. The extgrnal fouling
resistance is Qised to compensate. the’loss of performance due to deposits on the external surface of the tubes ¢r extended
surface.

3.35
header
return bend
cast or wrougrht fittihng shaped in a 180° bend and used to connect two or more tubes

3.36

header box

internally insulated structural compartment, separated from the flue-gas stream, which is used to enclose a number
of headers or manifolds

NOTE Access is afforded by means of hinged doors or removable panels.
3.37

heat absorption
total heat absorbed by the coils, excluding any combustion-air preheat

6 © 1SO 2001 — Al rights reserved
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3.38
average heat flux density
heat absorbed divided by the exposed heating surface of the coil section

NOTE Average flux density for an extended-surface tube is indicated on a bare surface basis with extension ratio noted.

3.39
maximum heat flux density
maximum local rate of heat transfer in the coil section

3.40
total heat e
heat liberdted from the specified fuel, using the lower heating value of the fuel

3.41
volumetrig heat release
heat releaged divided by the net volume of the radiant section, excluding the coils and refractory dividing walls

3.42
higher hepting value
hy
gross hedting value

total heat pbtained from the combustion of a specified fuel at 15 °C (60 °F)

3.43
lower heating value
h
net heating value
higher heating value minus the latent heat of vaporization-of the water formed by combustion of hydrogen in the
fuel

3.44
hot face layer
refractory |ayer exposed to the highest temperatures in a multilayer or multicomponent lining

3.45
hot face temperature
temperatufe of the refractory surface’in contact with the flue gas or heated combustion air

NOTE The hot face tempetature is used to determine refractory or insulation thickness and heat transmitted.

3.46
indirect a|r preheater
fluid-to-air|heat transfer device

NOTE The_ heat transfer can be accomplished by using a heat-transfer fluid, process stream or utility stream which has
been heatdd hy the flue gas or aother means A heat pipe air preheater uses a vaparizing/condensing fluid to transfer heat

between the flue gas and air.

3.47

induced-draught heater

heater which uses a fan to remove flue gases and maintain a negative pressure in the heater to induce combustion
air without a forced-draught fan

3.48

jump over
interconnecting pipework within a heater coil section

© 1SO 2001 — All rights reserved 7
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louvre damper

damper consisting of several blades, each of which pivots about its centre and is linked to the other blades for

simultaneous operation

3.50
manifold

chamber for t

3.51

he collection and distribution of fluid to or from multiple parallel flow paths

metal fibre reinforcement

stainless ste

3.52
monolithic |
single-compq

3.53
mortar
refractory ma

3.54
multicompo
refractory sy

[l Al Adad-t tabla £ H o % [y A [NHHY
T TICTTUITO AUUTU U LAolAdUIT TUT TITTPTUVEU TUUYTITIC oo AdlTu Uurduliity

ning
nent lining system

terial preparation used for laying and bonding refractory bricks

hent lining
btem consisting of two or more layers of different refractory types

NOTE Examples of refractory types are castable and ceramic fibre.
3.55
multilayer liping

refractory sy

3.56
natural-dray
heater in whi

3.57
normal heat

btem consisting of two or more layers of the same refractory type

ght heater
ch a stack effect induces the combustion air and removes the flue gases

release

design heat absorption of the heater-divided by the calculated fuel efficiency

3.58
pass
stream

flow circuit consisting @f\Gne or more tubes in series

3.59
pilot
small burner

3.60
plenum
windbox

chamber surri

3.61
plug header

cast return bend provided with one or more openings for the purpose of inspection or mechanical tube cleaning

that hravidac ianition anarav to liaht tha main hiirnar
tHat-pPHoVAGES1gRHOR-eRergyo+Hght—eaioudret

ounding the burners that is used to distribute air to the burners or reduce combustion noise

© 1SO 2001 — All rights reserved
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pressure design code
recognized pressure vessel standard specified or agreed by the purchaser

EXAMPLE

3.63

ASME Boiler and Pressure Vessel Code, Section VIII.

pressure drop
difference between the inlet and the outlet static pressures between termination points, excluding the static

differential

3.64

head

primary ajr

portion of

3.65

he total combustion air that first mixes with the fuel

protective coating

corrosion-
EXAMPLE

3.66
radiant se
portion of

3.67
radiation

resistant material applied to a metal surface

Coating on casing plates behind porous refractory materials to protect against/sulfur in the flue gases.

ction
he heater in which heat is transferred to the tubes primarily by\radiation

0SS

setting lops

heat lost
recovery s

3.68
secondar
air supplie}

3.69
setting
heater cag

3.70
shield seq
shock seq
tubes that

3.7

o the surroundings from the casing of the heater and the ducts and auxiliary equipmen
ystems are used)

y air
d to the fuel to supplement primary-air

ing, brickwork, refractoryland insulation, including the tiebacks

ttion
ttion
shield the remaining convection-section tubes from direct radiation

sootblow

r

device usgd-to remove soot or other deposits from heat-absorbing surfaces in the convection section

NOTE

3.72
stack

Steam is normally the medium used for soot blowing.

vertical conduit used to discharge flue gas to the atmosphere

3.73
strake
spoiler

(when heat

metal attachment to a stack which can prevent the formation of von Karman vortices that can cause wind-induced

vibration

© 1SO 2001 — All rights reserved
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3.74

structural design code

structural design standard specified or agreed by the purchaser

EXAMPLES

3.75
target wall

ICBO Uniform Building Code, ASCE standards, AISC Specification for design, fabrication and erection of
structural steel for buildings.

re-radiating wall
vertical refractory firebrick wall which is exposed to direct flame impingement on one or both sides

3.76

temperature allowance
number of degrees Celsius (Fahrenheit) to be added to the process fluid temperature to'account for flow
maldistributign and operating unknowns

NOTE The temperature allowance is added to the calculated maximum tube-metal temperature or’the equivalent tube-metal

temperature tq

3.77
terminal

flanged or wglded connection to or from the coil providing for inlet and outlet-of fluids

3.78
tube guide

device used with vertical tubes to restrict horizontal movement whilesallowing the tube to expand axially

3.79
tube retainer

obtain the design metal temperature

device used fo restrain horizontal radiant tubes from lifting off the intermediate tube supports during operation

3.80
tube suppornt
tube sheet

device used o support tubes

3.81

vapour barrier

metallic foil glaced between layers-of refractory as a barrier to flue gas flow

10
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4 General

4.1 Precautions

Care shall be excercised when using certain materials in the construction of fired heater components, in particular
those where a dust hazard may be experienced. Manufacturer's recommendations and local and national safety
requirements shall be followed in all cases.

4.2 Pressure design code

codachall ba cnanifind Ar Aanrand r Praccoy: Py 0.

()

The press
the pressu

4.3 Loog

The vendd

4.4 Hes

In a fired
internally i
coil config
and multi
Examples
further cla

Figure 1l
Figure 2l

Various cq

as in Figufe 2 a), b) or c) Similarly, Figure 1 d) can employ burner arrangements as in Figure 2 a) or d)

Figure 3 s

ra dacion a. by tha ~yirchacn roa oom
e G CoTIg— Ot C—SamrPOC—SpPpCotmCt— O agrecCt—oymCpurCriasSCr— 1 CoSurC—CompP

re design code and the supplemental requirements in this International Standard.

al regulations

r shall comply with the applicable local rules and regulations specified by the purchaser.

ter nomenclature

eater, heat liberated by the combustion of fuels is transferred to fluids contained in tubular g
hsulated enclosure. The type of heater is normally described by the structural configuration

ell box. Examples of radiant tube coil configurations include vertical, horizontal, helica
5sified as sidewall, endwall and multilevel.
ustrates some typical heater types.
ustrates typical burner arrangements.

mbinations of Figures 1 and 2 can bg used. For example, Figure 1 c) can employ burner 3

nows typical components. Figures 4, 5 and 6 show typical combustion-air preheat systems.

comply with

pils within an
radiant tube

uration, and burner arrangement. Some examples of structubal’configurations are cylindrical, box, cabin

| and arbor.

of burner arrangements include upfired, downfired and wallfired. The wallfired arrangement can be

rrangements

© 1SO 2001 — All rights reserved
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a) Box Heater with arbor coil
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d) Box heatper with vertical tube coil
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—
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b) Cylindrical heater with helical coil
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e) Cylindrical heater with vertical coil
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c) Cabin heater with hgrizontal
tube coil
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f) Box heater with horizontal
tube coil
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Figure 1 — Typical heater types
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Figure 2 — Typical burner arrangements (elevation view)

c) Sidewall-fired d) Sidewall-fired multi-level

© 1SO 2001 — All rights reserved
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\/

20
Key
1 Access door 7  Convection section 13 Header box 19 End tube sheet
2  Arch 8  Corbel 14 Radiant section 20 Pier
3  Breeching 9  Crossover 15 Shield section 21 Stack/duct
4  Bridgewall 10 Tubes 16 Observation door 22 Platform
5 Burner 11 Extended surface 17 Tube support 23 Processin
6 Casing 12 Return bend 18 Refractory lining 24  Process out

Figure 3 — Heater components
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+
1
5
/. \/ )
Fired heater '
Air
Air preheater
Induged-draught fan
Flue pas
Forced-draught fan
Sepgrate stack (alternative) 6
Figure 4 — Air preheat system using regenerative, recuperative or heat pipe unit
1
+
7
2
: |
VARV, L
Flue gas | ||

Induced-draught fan

Fired heater

Air

Air preheater

Forced-draught fan 5

Heat medium 6

Figure 5 — System using indirect closed system air preheater with mechanical circulation
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Key

1 Fired he
2 Air

3  Airpreh
4  Forced-
5  Procesq

Ul

ater ‘
pater
Hraught fan 3

A
|
4

or utility stream

Figure 6 — External heat source-for air preheating

5 Proposals

5.1 Purch

511 The
herein. This

51.2 The
heater desig
by an asteris|

513 The
514 The

reports, oper
as required 4

aser’s responsibilities

purchaser’s enquiry shall include data sheets, check list, and other applicable informatig
hformation shall include any special requirements or exceptions to this International Standar

burchaser is responsible for the correct process specification to enable the vendor to prepa
n. The purchaser should complete, as a minimum, those items on the data sheet that are

K (*).
burchase order.shall state clearly the vendor’s scope of work and extent of supply.
purchaser's' enquiry shall specify the number of copies of drawings, data sheets, specifica

ating manuals, installation instructions, spare parts lists, and other data to be supplied by t
y 5.8.and 5.4.

n outlined
of

e the fired
esignated

ions, data
he vendor,

5.2 Vendor’s responsibilities

The vendor’s proposal shall include:

a) for each heater, completed ISO data sheets for fired heater and associated equipment (see examples in

annex A

);

b) an outline drawing showing firebox dimensions, burner layout and clearances, arrangement of tubes,
platforms, ducting, stack, breeching, air pre-heater and fans;

c) a full definition of the extent of shop assembly (format given in annex C may be used), including the number,

size and

16

mass of prefabricated parts and the number of field welds;
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d) a detailed description of any exceptions to the specified requirements;
e) acompleted noise data sheet if the data sheet is supplied by the purchaser;

f) curves for heaters in vaporizing service, showing pressure, temperature, vaporization and bulk velocity as a
function of the tube number;

g) time schedule for submission of all required drawings, data and documents;

h) a programme for scheduling the work after receipt of an order. This should include a specified period of time for
the purchaser to review and return drawings, procurement of materials, manufacture and the required date of

supply;

i) list of ytilities and quantities required.
5.3 Dogumentation

5.3.1 Drawings for purchaser’s review

The vendor shall submit for review the general arrangement drawings, coil ¢<drawings and data shegets for each
heater. The documents shall include the following information:

a) heatel service, the purchaser’s equipment number, the project nanie‘and location, the purchase ofder numbers
and the vendor’s reference number;

b) coil tefminal sizes, including flange ratings and facings; dimensional locations; direction of procgss flow; and
allowable loads, moments and forces on terminals;

c) coil and crossover arrangements, tube spacings, tube’diameters, tube wall thicknesses, tube lengths, material
specifications, including grades for pressure parts only, and all extended surface data;

d) coil design pressures, hydrostatic test pressures, design fluid and tube wall temperatures, and corrosion
allowance;

e) coil dgsign code or recommended practice and fabrication code or specification;
f) refracfory and insulation types, thicknesses, and service temperature ratings;
g) types And materials of anchors for refractory and insulation;

h) locatign and number'ef’access doors, observation doors, burners, sootblowers, dampers, and ingtrument and
auxiligry connectiens;

i) locatign and diménsion of platforms, ladders, and stairways;

j) overall dimensions, including auxiliary equipment.

5.3.2 Foundation loading diagrams

The vendor shall submit for purchaser’s review foundation loading diagrams for each heater. The diagram shall
include the following information:

a) number and location of piers and supports;
b) baseplate dimensions;
¢c) anchor bolt locations, bolt diameters, and projection above foundations;

d) dead loads, live loads, wind or earthquake loads, reaction to overturning moments, and lateral shear loads.

© 1SO 2001 — All rights reserved 17
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5.3.3 Documents for purchaser’s review

The vendor also shall submit to the purchaser the following documents for review and comment (individual stages

of fabrication

shall not proceed until the relevant document has been reviewed and commented upon):

a) structural steel drawings, details of stacks, ducts and dampers, and structural calculations;

b) burner assembly drawings and burner piping;

c) tube support details;

d) thermowgtramdttermocoupte detaits;

e) welding, fexamination and test procedures and welder’s test certificates;

f) installatic

g) refractor

thermal ponductivities;

h) decoking procedures, if required;

i) installatig

preheatgrs, fans, drivers, dampers and burners;

j) performa

k) noise da

[) plug heafer details.

5.3.4 Certified drawings and diagrams

After receipt
furnish certif
detail drawin
furnished.

5.4 Final

Within a spe
with the follo

n and test procedures for refractories and insulation;

thickness calculations including temperature gradients through all refractory. sections and

n, operation and maintenance instructions for the heater{and auxiliary equipment, s

nce curves or data sheets for air preheaters, fans, drivers and burners and other auxiliary eg

a sheets, if data sheets are supplied by the purchaser;

of the purchaser’'s comments on the general arrangement drawings and diagrams, the ve
ed general arrangement drawings and foundation loading diagrams. The vendor shall furn
gs, erection drawings, and an erection sequence. Drawings of auxiliary equipment sha

records

cified timescale-after completion of construction or shipment, the vendor shall furnish the
ving documents:

a) data she

as-built frawings and data sheets shall not be provided unless specifically requested by the purchas

ets and-drawings representing the as-manufactured equipment. In the event field-changes

sources of

ch as air

uipment;

ndor shall
ish design
Il also be

purchaser

are made,

Er;

b) certified material reports, mill test reports or ladle analysis for all pressure parts and alloy-extended surfaces;

c) installation, operation and maintenance instructions for the heater and auxiliary equipment, such as air
preheaters, fans, drivers, dampers and burners;

d) performance curves or data sheets for air preheaters, fans, drivers and burners and other auxiliary equipment;

e) bill of materials (major components);

f)  noise da

ta sheets, if data sheets are supplied by the purchaser;

g) refractory dry-out procedures;

18
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h) decoki

i)
i)
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ng procedures;

test certificates for tube support castings;

all other test documents, including test reports and non-destructive examination reports.

6 Design considerations

Process design

6.1

6.1.1

symmetry
6.1.2 TH
to outlet.
6.1.3 A
nominal ty

the averag

614 W
may incre
providing {

6.1.5 TH
radiant, sh

6.2 Cor

6.21 M
than the d

6.2.2
radiation |
shall inclu

6.2.3
based upd
forced-dral
air for fuel

6.24 T

6.2.5 V¢

HJzaters shall be designed for uniform heat distribution. Multipass heaters shall be designed

Calculated fuel efficiencies shall be based on the lower heating value of the design fuel and s

of all passes.

e number of passes for vaporizing fluids shall be minimized. Each pass shall be aSingle cir
erage heat flux density in the radiant section is normally based on a single row of tubes s
be diameters. The first row of shield-section tubes shall be considered-as radiant service ir
e heat flux density if these tubes are exposed to direct flame radiation.

here the average radiant heat flux density is specified on the basis of two nominal diameter

bse the flux rate for other coil arrangements, e.g. for thre€ hominal diameters or double

e maximum allowable inside film temperature for dny process service shall not be exc
ield or convection sections anywhere in the specifiéd-coil.

hbustion design

bsign process duty.

bss of 1,5 % of the calculated normal fuel heat release. Heaters employing flue gas/air pre
e a radiation loss of 2,5 & ©f the fuel heat release based on the lower heating value.

n 20 % excess airif*gas is the primary fuel, and 25 % excess air if oil is the primary fuel. |
ught operation, calculated efficiencies shall be based on 15 % excess air for fuel gas and
oil.

e heater-efficiency and tube wall temperature shall be calculated using the specified fouling

for hydraulic

cuit from inlet

paced at two
determining

5, the vendor
-sided firing,

he maximum flux, including maldistribution, shall not exceed that based on two nominal diameters.

peded in the

brgins provided in the combustion systém are not intended to permit operation of the heafer at greater

nall include a
heat systems

Unless otherwise spe¢ified by the purchaser, calculated efficiencies for natural-draught operation shall be

h the case of
0 % excess

resistances.

lGmetric heat release of the radiant section shall not exceed 125 kW/m3 (12 000 Btu/h/ft]

) for oil-fired

heaters and 165 kW/m? (16 000 Btu/h/ft°) for gas-fired heaters based upon the design heat absorption.

6.2.6

Stack and flue-gas systems shall be designed so that a negative pressure of at least 25 Pa (0,10 in of

water column) is maintained in the radiant and convection sections at 120 % of normal heat release with design

excess air

and maximum ambient temperature.

6.3 Mechanical design

6.3.1
short-term

6.3.2
sootblowe

conditions such as steam-air decoking.

rs, water washing, or steam-lancing doors.
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Provisions for thermal expansion shall take into consideration all specified operating conditions, including

If specified by the purchaser, the convection-section tube layout shall include space for future installation of
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6.3.3 If the heater is designed for heavy fuel-oil firing, sootblowers shall be provided for convection-section
cleaning. If light fuel oils such as naphtha are to be fired, the purchaser shall specify if sootblowers are to be
supplied.

6.3.4 The convection-section design shall incorporate space for the future addition of two rows of tubes,
including the end and intermediate tubesheets. Placement of sootblowers and cleaning lanes shall be suitable for
the addition of the future tubes. Holes in end tube sheets shall be plugged off to prevent flue gas leakage.

6.3.5 Vertical cylindrical heaters shall be designed with a maximum height-to-diameter (4/w) ratio of 2,75, where
the height is that of the radiant section (inside refractory face) and the diameter is that of the tube circle, both
measured in the same units.

r shall be

6.3.6 For bingle-fired box-type floor-fired heaters with sidewall tubes only, an equivalent A/w factg

determined H
tube bank an

6.3.7 Shie

6.3.8 Excd
amount of flu

6.3.9 The
unless othen

6.3.10 For
horizontal he

6.3.11 Radi
1,5 nominal

y dividing the height of the wall bank (or the straight tube length for vertical tubes) by the w
d applying the following limitations:

Design absorption h/w h/w
MW (Btu/h x 106) max. min.
Up to 3,5 (12) 2,00 1,50
3,5t07 (12 to 24) 2,50 1,50
Over 7 (24) 2,75 1,50

d sections shall have at least three rows of bare tubes.

pt for the first shield row, convection sections shall'be designed with corbels or baffles to m
e gas bypassing the heating surface.

minimum clearance from grade to burner_ptenum or register shall be 2 m (6,5 ft) for floor-fir,
vise specified by the purchaser.

ertical-tube vertical-fired heaters, the maximum radiant straight tube length shall be 18,3 m
aters fired from both ends, the mmaximum radiant straight tube length shall be 12,2 m (40 ft).

ant tubes shall be installed-with minimum spacing from refractory or insulation to tube ce
ube diameters, with a-clearance of not less than 100 mm (4 in) from the refractory or insu

idth of the

nimize the

bd heaters

60 ft). For

ntreline of
lation. For

horizontal ragliant tubes, the minimum clearance from floor refractory to tube outside diameter shall be ngt less than
300 mm (12 |n).
6.3.12 The |heater arrangement shall allow for replacement of individual tubes or hairpins without|disturbing

adjacent tubgs.

7 Tubes

7.1 General

7.1.1  Tube wall thickness for coils shall be determined in accordance with ISO 13704, in which the practical limit
to minimum thickness for new tubes is specified. For materials not included, tube wall thickness shall be
determined in accordance with 1SO 13704 using stress values mutually agreed upon between purchaser and
supplier.

7.1.2 Unless otherwise agreed between the purchaser and supplier, calculations made to determine tube wall
thickness for coils shall include considerations for erosion and corrosion allowances for the various coil materials.
The following corrosion allowances shall be used as a minimum;

a) carbon steel through C-1/2Mo: 3 mm (0,118 in);

20 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

b) low alloys through 9Cr-1Mo: 2 mm (0,080 in);

c) above

9Cr-1Mo through austenitic steels: 1 mm (0,040 in).

7.1.3 Maximum tube-metal temperature shall be determined in accordance with ISO 13704. The tube-metal
temperature allowance shall be at least 15 °C (27 °F).

7.1.4 All tubes shall be seamless and should be in single continuous lengths. Electric flash welding shall not be
used for intermediate welds. Tubes furnished to an average wall thickness shall be in accordance with suitable

tolerances so that the required minimum wall thickness is provided.
71.5 Tybesif plUijtUd into—treaderbox iluuaillgb, stattextend—atteast—+50-mm (G ill), imthe—gold pOSitiOﬂ,
beyond th¢ face of the end tube sheet, of which 100 mm (4 in) shall be bare.
7.1.6 Tuybe size (outside diameter in inches) shall be selected from the following sizes: 2,37572,879; 3,50; 4,00;
4,50; 5,543; 6,625; 8,625; or 10,75. Other tube sizes should be used only if warranted’ by spgcial process
considerafions.
7.1.7 If the shield and radiant tubes are in the same service, the shield tubes exposed to direct flgme radiation
shall be off the same material and thickness as the connecting radiant tubes.
7.2 Extended surface
7.21 The extended surface in convection sections may be studded (where each stud is attached tp the tube by
arc or resjstance welding) or finned (where helically wound fins.-are high-frequency continuously welded to the
tube). The purchaser shall specify or agree the type of extended>surface to be provided. In the case gf finning, the
purchaser|shall specify or agree whether the fins shall be solid‘or segmented.
7.2.2 Metallurgy for the extended surface shall be selected on the basis of maximum calculated tip| temperature
as listed ir) Table 1.
7.2.3 Extended surface dimensions shall be limited to those listed in Table 2.
Table 1 — Extended surface materials
Studs Fins
Material Maximum tip temperature Maximum tip temperature
OC (OF) OC (OF)
Carbon steel 510 (950) 454 (850)
21/4 Cr-AMo, 5Cr-1/2 Mo 593 (1 100) — —
11-13Cr 649 (1 200) 593 (1 100)
18Cr-8Ni stainless steel 815 (1 500) 815 (1 500)
25Cr-20N7 stainless steel 982 (T 800) 982 (T 800)
Table 2 — Extended surface dimensions
Studs Fins
Fuel Minimum diameter Maximum height Minimum normal Maximum height Maximum number
thickness per unit length
mm (in) mm (in) mm (in) mm (in) per m (perin)
Gas 12,5 (1/2) 25 1) 1,3 (0,05) 25,4 (1) 197 (5)
Oil 12,5 (1/2) 25 (1) 2,5 (0,10) 19,1 (3/4) 118 (3)
© 1SO 2001 — All rights reserved 21
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7.3 Materials

Tube materials shall conform to ASTM specifications as listed in Table 3, or their equivalent agreed by the
purchaser.

Table 3 — Tube materials and ASTM specifications

Material Tube specification
Carbon steel A 161, A192, A 210, Gr A-1
Carbon-1/2Mo A 161, A 209, Gr T1
1 1/4Cr-1/2Mo A 213, GrT11
2 1/4Cr-1Mo A 213, GrT22
3Cr-1Mo A213,GrT21
5Cr-1/2Mo A 213,GrT5
5Cr-1/2Mo-Si A 213,GrTSb
7Cr-1/2Mo A 213, GrT7
9Cr-1Mo A213,GrT9
9Cr-1Mo-V A 213, Gr T91
18Cr-8Ni A 213, TP 304, TP 304H
16Cr-12Ni-2Mo A 213, TP 316, TP 316H
18Cr-10Ni-Ti A 213, TP 321, TP 321H
18Cr-10Ni-Nb?@ A 213, TP 347, TR'347H
Nickel alloy® B 407
25Cr-20Ni A 213, TR'810H
25Cr-20Ni A 608({.Gr HK40
@ Formerly called columbium, Cb.

b Minimum grain size*shall be ASTM #5 or coarser.

8 Headers

8.1 General

8.1.1 The |design stress)for headers shall be no higher than that allowed for similar materials ag given in
ISO 13704 apd shall be reduced by casting quality factors if made from castings. Casting quality factors |shall be in
accordance With ASME B31.3.

8.1.2 Headerstshall be of metallurgy equivalent to the tubes.

8.1.3 Headers shall be welded return bends or welded plug headers, depending on the service and operating
conditions.

8.1.4 Headers shall have a corrosion allowance. This allowance shall not be less than that used for the tubes.

8.2 Plug headers

8.2.1 Plug headers shall be located in a header box and shall be selected for the same design pressure as the
connecting tubes and for a design temperature equal to the maximum fluid operating temperature at that location,
plus a minimum of 30 °C (55 °F).

8.2.2 Tubes and plug headers shall be arranged so that there is sufficient space for field maintenance operations
such as welding and stress relieving.

22 © 1SO 2001 — Al rights reserved
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8.2.3 If plug headers are specified to permit mechanical cleaning of coked or fouled tubes, they shall consist of
the two-hole type. Single-hole, 180° plug headers may be installed only for tube inspection and draining.

8.2.4 If plug headers are specified to be used with horizontal tubes that are 18,3 m (60 ft) or longer, two-hole
plug headers shall be used for both ends of the coil assembly. For shorter coils, plug headers shall be provided on
one end of the coil with welded return bends on the opposite end.

8.2.5 If plug headers are specified for vertical tube heaters, two-hole plug headers shall be installed on the top of
the coil and one-hole Y-fittings at the bottom of the tubes.

8.2.6 Headers and corresponding plugs shall be match-marked by 12 mm (0,5 in) permanent numerals and

installed iraceordance-withafittingtocationdrawing:
8.2.7 Type 304 stainless steel thermowells, if required for temperature measurement and“confrol, shall be
provided in the plugs of the headers.
8.2.8 Tybe centre-to-centre dimensions shall be as shown in Table 4.
Table 4 — Tube centre-to-centre dimensions
Tube outside diameter Header centre-to-centre dimension
mm (in) mm (in)
60,3 (2,375) 101,6 4,002 0
73,0 (2,875) 1270 5,00ab
88,9 (3,50) 152,4 6,00 @
101,6 (4,00) 177.,8 7,002
114,3 (4,50) 203,2 8,002
127,0 (5,00) 228,6 9,00
141,3 (5,563) 254,0 10,008
152,4 (6,00) 279,4 11,00
168,3+(6,625) 304,8 12,008
19377 (7,625) 355,6 14,00
219,1 (8,625) 406,4 16,00 @
273,1 (10,75) 508,0 20,002
NOTE Centre-to-centre dimensions are applicable only to manufacturer’s standard header pressure
ratings for 5 850 kPa (850 psig) nominal fittings.
@ This centre-to-centre dimension equals two times the corresponding nominal size and is based on the
centre-to-centre dimension for short-radius welded return bends.
b This centre-to-centre dimension is applicable only to welded plug headers.

8.2.9 Plugs and screws shall be assembled in the fittings with an approved compound on the seats and screws
to prevent galling.

© 1SO 2001 — All rights reserved 23
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8.3 Return bends

8.3.1 Return bends should be used for the following conditions:

a) in clean service, where coking or fouling of tubes is not anticipated;

b) where leakage is a hazard;

c) where steam-air decoking facilities are provided for decoking of furnace tubes.

8.3.2 Return bends inside the firebox shall be selected for the same design pressure and temperature as the

tfwwmmmrmmre as the
thbes and for a design temperature equal to the maximum fluid operating temperature at, thiat location

connecting
connecting

plus a minim

8.3.3 Reg
convenient r

8.34 Londg
8.4 Materjals
8.41 Plug

specification

8.4.2 Cast

using low-stress stamps.

itudinally welded fittings shall not be used.

Table 5 — Plug header and return bend’ materials (ASTM specifications)

m of 30 °C (55 °F). Return bends shall be at least the same thickness as the connectingtubpes.

rdless of the location of the welded return bends, the heater design shall incorporate meang to permit
moval and replacement of tubes and return bends.

header and return bend material shall conform to the ASTM specifications listed in Table 5 pr to other
5 if agreed by the purchaser.

fittings shall have the material identification permanently marked on the fitting with raised Igtters or by

Material Forged Wrought Cast
Carbon steel A105 A 234, WPB A 216, WCB
A 181 class 60 or 70
¢-1/2Mo A 182, F1 A 234, WP1 A 217, WC1
1 1/4Cr-1/2Mo A 182, F11 A 234, WP11 A 217, WC6
41/4Cr-1Mo A 182, F22 A 234, WP22 A 217, WC9
3Cr-1Mo A 182, F21 — —
8Cr-1/2Mo A 182, F5 A 234, WP5 A 217,C5
9Cr-1Mo A 182, F9 A 234, WP9 A217,C12
18Cr-8Ni-Type 304 A 182, F304 A 403, WP304 A 351, CF8
18Cr<8Ni-Type 304H A 182, F304H A 403, WP304H A 351, CF8
18Cr10Ni-Ti- Type 321 A 182, F321 A 403, WP321 A 351, CF8C
18Cr-10Ni-Ti-Type 321H A 182, F321H A 403, WP321H
18Cr-10Ni-Nb Type 347 A 182, F347 A 403, WP347 A 351, CF8C
18Cr-10Ni-Nb Type 347H A 182, F347H A 403, WP347H
16Cr-12Ni-2Mo Type 316 A 182, F316 A 403, WP316 A 351, CF8M
16Cr-12Ni-2Mo Type 316H A 182, F316H A 403, WP316H
Nickel alloy? B 564 B 366 A 351, CT-15C
25Cr-20Ni A 182, F-310 A 403, F-310 A 351, CK-20
A 351, HK40

@ Minimum grain size shall be ASTM #5 or coarser.
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9 Piping, terminals and manifolds

9.1 General

9.1.1 The minimum corrosion allowance shall be in accordance with 7.1.2.
9.1.2 All flanges shall be welding-neck flanges.

9.1.3 Piping, terminals and manifolds external to the heater enclosure shall be in accordance with ASME B31.3.
9.1.4 The purchaser shall specify if inspection openings are required; in which case, if agreed by the purchaser,
terminal flanges may be used provided that pipe sections are readily removable for inspection access.

9.1.5 Threaded connections shall not be used.

9.1.6 Thel|purchaser shall specify if low-point drains and high-point vents are required; in\which case [they shall be
accessiblg from outside the heater casing.

9.1.7 Manifolds and external piping shall be located so as not to block accesscfor-the removal of sipgle tubes or
hairpins.

9.1.8 Manifolds inside a header box shall be selected for the same desigh pressure as the connectiphg tubes and

for a design temperature equal to the maximum fluid operating temperature at that location plus a minimum of
30 °C (55 F).

9.2 Allgwable movement and loads

Heater terminals shall be designed to accept the moments (M) and forces (F) shown in Figure 7 and Thble 6, or the
movements listed in Table 7.

Y+ X+
\ 1
Fy \\ Fy
k) // \\k
// M Y \
~
e F \
~ X \
= \
_—) L X+ Y+ _____ —_—
1 | 1 I
: )
| Mx |
Z+// | |
Fz ! ' m Nz
| o~
' | Z+
a) Horizontal tubes b) Vertical tubes
Key

1 Tube centreline

Figure 7 — Diagram of forces
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Table 6 — Allowable forces and moments

Pipe size F, F, F, M, M, M,

DN (NPS) N (Ib) N (Ib) N (Ib) N-m (ft-Ib) N-m (ft-Ib) N-m (ft-Ib)
50 (2) 445 (100) 890 (200) 890 (200 475 (350) 339 (250) 339 (250)
75 (3) 667 (150) | 1334 (300) 1334 | (300 610 (450) 475 (350) 475 (350)
100 (4) 890 (200) | 1779 (400) 1779 | (400 813 (600) 610 (450) 610 (450)
125 (5) 1001 | (225) | 2002 (450) 2002 | (450 895 (660) 678 (500) 678 (500)
150 (6) 212562224 {566} 2224566 996 36} 746 {5567 746 (550)
200 (8) 1334 | (300) | 2669 (600) 2669 | (600 1166 (860) 881 (650) 881 (650)

250 (10) 15657 | (350) | 2891 (650) 2891 | (650) | 1261 (930) 949 (700) 949 (700)

300 (12) 1779 | (400) | 3114 (700) 3114 | (700) [ 1356 | (1000) [ 1017 | A780) | 1017] | (750)

Table 7 — Allowable movements
Dimensions in millimetres (incles)
Horizontal tubes Vertical tubes
Ax Ay Az Ax Ay Az
Radiat terminals 0 (0) 25 (1) 25 (1) 0 (0) 25 (1) 25 1)
Convegtion terminals 0 (0) 13 1(0,5) | 13| (0,5) [ — — — — — —
NOTE The above movements are allowable in both directions (+)
9.3 Materjals

External crog
shall be of th

10 Tube supports

10.1 Gene

10.1.1 The
operation of

al

sover piping shall be of the same metallurgy as the preceding heater tube; internal crossq
e same metallurgy as the radiant tubes.

design<temperature for tube supports and guides exposed to flue gas shall be based
he furnace as follows:

ver piping

on design

a) forther

dfantandshock sections and outstde the Tefractory, the flue-gas temperature to which th
are exposed plus 100 °C (180 °F). The minimum design temperature shall be 870 °C (1 600 °F);

e supports

b) for the convection section, the temperature of the flue gas in contact with the support plus 55 °C (100 °F);

c) the maximum flue-gas temperature gradient across a single convection intermediate tube support shall be
250 °C (450 °F);

d) where the radiant tube support castings are shielded behind a row of tubes, the bridgewall temperature may be

used.

No credit shall be taken for the shielding effect of refractory coatings on intermediate supports or guides.
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10.1.2 Guides, horizontal radiant-section intermediate tube supports and top supports for vertical radiant tubes
shall be designed to permit their replacement without tube removal and with minimum refractory repair.

10.1.3 The unsupported length of horizontal tubes shall not exceed 35 times the outside diameter or 6 m (20 ft),
whichever is less.

10.1.4 The minimum corrosion allowance of each side for all exposed surfaces of each tube support and guide
contacting flue gases shall be 1,3 mm (0,05 in) for austenitic materials and 2,5 mm (0,10 in) for ferritic materials.

10.1.5 The following shall apply to end tube sheets for tubes with external headers.

Q

00 °F), alloy

4

1 + [ TH ) 4 4 ! [y [W-2ry) PR ) PR H + 4 ! 400 O
— Tube SICTLS Shidil VT struiididl pidic. 11 U1 UPC STCCL UCSIYIT LCITIPCTalulic TALCCUS 520 U

materjials shall be used.
— Minimum thickness of tube sheets shall be 12 mm (0,5 in).
— Tube [sheets shall be insulated on the flue-gas side with a castable having a minimum thickngss of 75 mm
(3 in)[for the convection section and 125 mm (5in) for the radiant section. (Anchors shall b¢ made from
austehitic stainless steel or nickel alloy as listed in Table 9.)
— Sleevgs with an inside diameter at least 12 mm (0,5 in) greater than the tube or the extended sufface outside
diamater shall be welded to the tube sheet at each tube hole, to prevent the refractory from being|damaged by
the tupes. The sleeve material shall be austenitic stainless steel.
10.1.6 The following shall apply to the supporting of extended surface tubes.

— Internpediate supports shall be designed to prevent mechanical damage to the extended surfdce and shall
permit easy removal and insertion of the tubes without binding.

— For sfudded tubes, a minimum of three rows of studs-shall rest on each support.

— For fipned tubes, at least five fins shall rest on_each support.

10.2 Lodds and allowable stress
10.2.1 Tube-support loads shall be determined as follows.

— Loadg shall be determined(in accordance with acceptable procedures for supporting continuods beams on
multigle supports (e.g. AISC). Friction loads shall be based on a friction coefficient of not less than| 0,30.

— Frictign loads shallbé.based on all tubes expanding and contracting in the same direction. Loads shall not be
consiglered to be cancelled or reduced due to movement of tubes in opposite directions.

10.2.2 Tube-support maximum allowable stresses at design temperature shall not exceed the following:

a) dead-lpadstress:

1) one-third of the ultimate tensile strength;
2) two-thirds of the yield strength (0,2 % offset);
3) 50 % of the average stress required to produce 1 % creep in 10 000 h;
4) 50 % of the average stress required to produce rupture in 10 000 h.
b) dead-load plus frictional stress:
1) one-third of the ultimate tensile strength;

2) two-thirds of the yield strength (0,2 % offset);
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3) the average stress required to produce 1 % creep in 10 000 h;

4) the average stress required to produce rupture in 10 000 h.
10.2.3 For castings, the allowable stress value shall be multiplied by 0,8.

10.2.4 Stress data shall be as presented in annex D.

10.3 Materials

10.3.1 Tube support materials shall be selected for maximum design temperatures as shown in Table 8. Other
materials andl alternative specifications shall be subject to the approval of the purchaser.

10.3.2 If the tube support design temperature exceeds 650 °C (1200 °F) and the fuel copfains more than
100 mg/kg tdtal vanadium and sodium, the supports shall exhibit one of the following design details, as specified or
agreed by the purchaser:

a) constructed of stabilized, 50Cr-50Ni metallurgy, without any coating;

b) for radiant or accessible supports only, covered with 50 mm (2 in) of castable-refractory having 8 minimum
density ¢f 2 080 kg/m3 (130 Ib/ft3).

Table 8 — Maximum design temperatures for tube support materials

Material Casting Plate Maximum design
temperature
ASTM specification ASTM specification °C (°F)
Catbon steel A 216 Gr WCB A 283 GrC 425 (800)
2 1f4Cr-1Mo A217 GrWC 9 A 387 Gr 22, Class 1 650 (1 200)
5Cy-1/2Mo A 217 GrC5 A 387 Gr 5, Class 1 650 (1200)
19C€r-9Ni A 297 Gr HF A 240, Type 304H 815 (1 500)
25Cr-12Ni A 240, Type 309H 870 (1 600)
25Cr-12Ni A 447 Type Il 980 (1 800)
25Cr-20Ni A 240, Type 310H 870 (1 600)
25Cr-20Ni A 351 Gr HK40 1090 (2 000)
50¢r-50Ni-Nb A 560 Gr 50Cr-50Ni 980 (1 800)
Fon exposed radiant and shield-section tube supports, the material shall be 25Cr-12Ni or higher alloy

11 Refractories and insulation

11.1 General

11.1.1 The temperature of the outside casing of the radiant and convection sections and hot ductwork shall not
exceed 80 °C (175 °F) at an ambient temperature of 27 °C (80 °F) in still air. Radiant floors shall not exceed 90 °C
(195 °F).

11.1.2 Walls, arches and floors shall be designed to allow for proper expansion of all parts. Where multilayer or
multicomponent linings are used, joints shall not be continuous through the lining.

11.1.3 Any layer of refractory shall be suitable for a service temperature at least 165 °C (300 °F) above its

calculated hot-face temperature. Minimum service temperature for refractories shall be 980 °C (1 800 °F) in the
radiant and shield sections.

28 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

11.1.4 The floor hot surface shall be a 63 mm (2,5 in) thick layer of high-duty fireclay brick or a 75 mm (3 in) thick
layer of castable of 1370 °C (2 500 °F) service temperature and minimum cold crush strength of 3 450 kN/m2
(500 psi) after drying at 110 °C (230 °F).

11.1.5 Burner blocks shall be suitable for an operating temperature of at least 1 650 °C (3 000 °F).

11.1.6 Target walls with flame impingement on both sides shall be constructed of high-duty firebrick of at least
1540 °C (2 800 °F) rating. Bricks shall be laid dry or with mortared joints. Expansion joints shall be packed with
ceramic fibre strips having a service temperature rating not less than 1 540 °C (2 800 °F).

11.1.7 Target walls with flame impingement on one side shall be of brick or of plastic refractory of equivalent

maximum [SeTvice temperature. Either may be backed by a castableorceramic fiore board ]

11.1.8 Agcess doors shall be protected from direct radiation by a refractory system of at least.thie §ame thermal
rating and|resistance as the adjacent wall lining.

11.1.9 Refractory anchors are not mandatory for floor castable unless required for shippihg considerations.

11.1.10 Maximum temperatures for anchor tips are listed in Table 9.

Table 9 — Maximum temperatures for anchor tips

Anchor material Maximum anchor temperature
°c (°F)

Carbon steel 455 850

TP 304 stainless steel 760 1400

TP 316 stainless steel 760 1400

TP 309 stainless steel 815 1500

TP 310 stainless steel 927 1800

TP 330 stainless steel 1038 1900

Alloy 601 (UNS'N06601) 1093 2000

Ceramic studs and washers > 1093 >2 000

11.2 Bri¢k and tile construction

11.2.1 Bijick construction'may be used for gravity walls, floors, or as hot-face layers.

11.2.2 Radiant chamber walls of gravity construction shall not exceed 7,3 m (24 ft) in height and shall be at least
high-duty fireclay brick. The base width shall be a minimum of 8 % of wall height. The height-to-width|ratio of each
wall sectign shall not exceed 5 to 1. The walls shall be self-supporting and the base shall rest on the gteel wall, not
on anothef refractory.

11.2.3 Gravity walls shall be of mortared construction. The mortar shall be non-slagging, air-setting, chemically
compatible with adjacent refractory, including at the rated temperature of the brick.

11.2.4 Vertical expansion joints shall be provided at gravity wall ends and required intermediate locations. All
expansion joints shall be kept open and free to move. If the joint is formed with lapped brick, no mortar shall be
used, that is, it shall be a dry joint.

11.2.5 Floor brick shall not be mortared. A 13 mm (0,5 in) gap for expansion shall be provided at 1,8 m (6 ft)
intervals. This gap may be packed with fibrous refractory material in strip, not loose bulk, form.
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11.2.6 Minimum service temperature for a hot-face brick layer shall be 1 430 °C (2 600 °F) on walls with expected
flame impingement and 1 260 °C (2 300 °F) for other exposed-wall applications. Minimum service temperature for
shielded walls shall be 1 095 °C (2 000 °F).

11.2.7 All brick linings on vertical flat casing shall be tied back to and supported by the structural steel framing
members. All tie members shall be austenitic alloy material, except that pipe supports located in the backup layer
may be carbon steel. At least 15 % of the bricks shall be tied back. Brick lining on cylindrical casing need not be
tied back if the radius of curvature of the casing keys the bricks.

11.2.8 Brick linings shall be supported by metal support shelves (lintels) attached to the casing on vertical centres
not to exceed 1,8 m (6 ft). Support shelves shall be slotted to provide for differential thermal expansion. Shelf

material is defined b_y the-caleutated-service tUIII}JUIGtuIU; carbor-steetis-satisfacter Yy to-376—=C (790 24 )
11.2.9 Exp4gnsion joints shall be provided in both vertical and horizontal directions of the walls, at' wall gdges and

about burnertiles, doors and sleeved penetrations.

11.3 Castable construction

11.3.1 Hydn
1:2:4 volums

1040 °C (1 900 °F). If used as a hot face, it shall only be used in clean fuel applications. This castab

limited to 20(

11.3.2 For
anchoring sy

11.3.3 Anch
thickness grg

11.3.4 The
300 mm (12

orientation shall be varied to avoid creating continuets shear planes.

11.3.5 Anch
greater castg

11.3.6 Cast
50 mm (2 in)

11.3.7 In cg
fencing or wi

11.3.8 Expz

11.3.9 Metsg

aulic-setting castables are suitable as lining for all parts of fired heaters. If a castable cons
tric mix of Lumnite-haydite-vermiculite is used, the maximum service-temperature shall 1

mm (8 in) maximum thickness on arches and walls.

jual layer castable construction, the hot face layer shallsbé a minimum of 75 mm (3 in)
stems shall provide independent support for each layer.

oring penetration shall be not less than 70 % of:the individual layer being anchored fg
ater than 50 mm (2 in). The anchor shall not be closer than 12 mm (0,5 in) to the hot face.

anchoring spacing shall be a maximum of_three times the total lining thickness, but shall

in) on a square pattern for walls and 225 mm (9 in) on a square pattern for arches. T

ors for total castable thickness up*to 150 mm (6 in) shall be at least 5 mm (3/16 in) in dia
ble thickness, the anchors shall\be at least 6,3 mm (1/4 in) in diameter.

able linings in header boxes, breechings and lined flue-gas ducts and stacks shall not be
thick.

stable linings up~to/’50 mm (2 in) thick, the purchaser shall specify or agree whether bare c3
‘e mesh shalkbe*Used for anchoring the lining.

nsion joints shall be provided around burner blocks, brick and prefired shapes.

llig"fibre may be added for reinforcement only in castables of density 970 kg/m3 (55 Ib/ft3)

Metallic fibre

truction of
ot exceed
e shall be

thick. The

r castable

ot exceed
he anchor

meter. For

less than

rbon steel

or higher.

5 shall be limited to no more than 3 % mass fraction of the dry mixture

11.3.10 Castables of low iron content (less than 1 % iron) or heavy-weight castable shall be used on exposed hot-
face walls if the total heavy metals content, including sodium, within the fuel exceeds 250 mg/kg (250 ppm). Heavy-
weight castables shall have a minimum density of 1 800 kg/m3 (110 Ib/ft3) with an Al,O3 content of not less than
40 %. In aggregate, the Al,O3 content shall be not less than 40 % and the SiO, content shall not exceed 35 %.

11.4 Ceramic fibre construction

11.4.1 Ceramic fibre in layered or modular construction may be used in all heater areas except stacks, ducts and
floors.
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11.4.2 The hot face of layered ceramic-fibre blanket installations shall be a minimum of 25 mm (1in) thick,
128 kg/m3 (8 Ib/ft3) density, needled material. Ceramic fibre board, if applied as a hot-face layer, shall not be less
than 38 mm (1,5 in) thick nor less than 240 kg/m3 (14 Ib/ft3) density. Backup layer(s) of ceramic fibre blanket shall
be needled material with a minimum density of 96 kg/m3 (6 Ib/ft3). Ceramic fibre board size, if used as hot-face
layer, shall be limited to maximum dimensions of 600 mm x 600 mm (24 in x 24 in) if temperatures of the flue
gases are below 1100 °C (2 000 °F) and 450 mm x 450 mm (18 in x 18 in) if temperatures of the flue gases
exceed 1 100 °C (2 000 °F).

11.4.3 Any layer of ceramic fibre shall be suitable for a service temperature at least 280 °C (500 °F) above its
calculated hot-face temperature.

11.4.4 The hot-face layer of a ceramic fibre blanket system shall be anchored at a maximum distarjce of 75 mm
(3 in) from| all edges.

11.4.5 The anchor spacing for arches shall not exceed the following rectangular pattern:-150 mpm x 225 mm
(6 in x 9irl) for 300 mm (12 in) wide blankets; 225 mm x 225 mm (9 in x 9 in) for 600 mm.(24 in) wjde blankets;
225 mm x[250 mm (9 in x 10 in) for 900 mm (36 in) wide blankets; and 225 mm x 270 mm (9 in ¥ 10,5 in) for
1200 mm|(48 in) wide blankets.

11.4.6 The anchor spacing for walls shall not exceed the following rectangular pattern: 150 mpm x 300 mm
(6 in x 12 |n) for 300 mm (12 in) wide blankets; 225 mm x 300 mm (9 in x 12(in) for 300 mm (24 in) wide blankets;
and 270 nfm x 300 mm (10,5 in x 12 in) for 1 200 mm (48 in) wide blankets

11.4.7 Metallic anchor parts that are not shielded by tubes shall be:completely wrapped with ceramic [fibre patches

or be protgcted by ceramic retainer cups filled with mouldable ceramic fibre.

ss of 12 m/s
ith velocities
than 24 m/s

11.4.8 Ceg¢ramic fibre blanket shall not be used as the hot-face layer if flue gas velocities are in excs
(40 ft/s). Wet blanket, ceramic fibre board, or ceramic fibre-modules shall be used on hot-face layers v
greater than 12 m/s (40 ft/s) but less than 24 m/s (80.ft/s). Hot-face refractory with velocities greater
(80 ft/s) shall have castable or external lining.

The hot-face
as flow. Hot-

11.4.9 Cgramic fibre blanket shall be installed:with its longest dimension in the direction of gas flow.
layer of blanket shall be constructed with all\joints overlapped. Overlaps shall be in the direction of g
face layers of ceramic fibre board shall be.constructed with tight butt joints.

11.4.10 C¢ramic fibre blanket used in"backup layers shall be installed with butt joints with at least
compressipn on the joints. All joints in successive layers of blanket shall be staggered.

25 mm (1in)

11.4.11 C¢ramic fibre blanket ‘'modules shall be installed in soldier course (with batten strips) pattgrns. Parquet

pattern may be used only'en arches.

11.4.12 M
shrinkage

bdule systems shall be installed so that joints at each edge are compressed to avoid [gaps due to

80 % of the

11.4.13 Mpddles applied in arches shall be designed so that anchorage is provided over at least
module width.

11.4.14 Anchors shall be attached to the casing before modules are installed.

11.4.15 Anchor assembly shall be located in the module at a maximum distance of 50 mm (2 in) from the module
cold face.

11.4.16 Module internal hardware shall be austenitic stainless steel or nickel alloy (see Table 9).
11.4.17 If ceramic fibre construction is used with fuels having a sulfur content exceeding 10 mg/kg, the casing shall

have an internal protective coating, specified or agreed by the purchaser, to prevent corrosion. The protective
coating shall be rated for 150 °C (300 °F) service temperature.
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11.4.18 A vapour barrier of austenitic stainless steel foil shall be provided if the fuel sulfur content exceeds
500 mg/kg. The vapour barrier shall be located so that the exposure temperature is at least 55 °C (100 °F) above
the calculated acid dew point for all operating cases. Vapour-barrier edges shall be overlapped at least 175 mm
(7 in); edges and punctures shall be sealed.

11.4.19 Ceramic fibre systems shall not be applied for services where the total heavy metals content in the fuel
exceeds 100 mg/kg.

11.4.20 Ceramic fibre shall not be used in convection sections where sootblowers, steam lances or waterwash
facilities are initially provided.

11.4.21 Anc
anchors so t

11.5 Multig

11.5.1 Hot-face castable layers shall have a minimum thickness of 75 mm (3 in).

11.5.2 The

11.5.3 Anch
11.2,11.3,a

11.5.4 The
11.4.3.

11.5.5 Brick

11.5.6 Bloc
rating of 900
fuel sulfur ¢
insulation us

11.5.7 If ins
specified or
rated for 150

11.5.8 If us
migration fro

11.5.9 The
130 kg/m3 (8

StV

at uncoate

d parts are above the acid dew-point temperature.

omponent lining construction

Anchoring system shall provide retention and support for each component.ayer.

nd 11.4.

material used in any layer shall be suitable for service temperature in accordance with

may be used for hot-face service or as a backup layer if the hot-face layer is brick.

insulation shall be made of ceramic fibre pf{calcium silicate with a minimum service te
°C (1650 °F). Block insulation shall only be“used as a backup material, but shall not be
bntent exceeds 1 % mass fraction in liquid fuel or 100 mg/kg hydrogen sulfide in gas f
bd as backup material in floor constructions shall be approved by the purchaser.

ulating block or ceramic fibre is used as backup insulation, the casing shall have a protecti
hgreed by the purchaser, if the fuel sulfur content exceeds 10 mg/kg. The protective coatin
°C (300 °F) service temperature.

bd as backup for castable, block insulation or ceramic fibre blanket shall be sealed to pre
M the castable.

minimum density of insulating block and ceramic fibre blanket used as backup material
Ib/ft3).

cover the

or types and installation for individual lining components shall meet the applicable requitements of

1.1.3 and

mperature
Ised if the
uel. Block

e coating,
g shall be

vent water

s shall be

11.6 Materjals

11.6.1 Materials-shal-conform-to-the-fellowing-ASTM-specifications-orequivalent:

a) fireclay brick, ASTM C 27;

b) insulating firebrick, ASTM C 155;

c) castable refractory, ASTM C 401, Class N, O, P, Q, or R;

d) vermiculite sieve analysis, ASTM C 332, Group 1 density;

e) insulating block (mineral slag wool, neutral pH), ASTM C 612 CL5;
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f) haydite, ASTM C 332 Group Il

1) Poured application: Fine aggregate No. 4.

2) Gunned application: combined fine and coarse 10 mm (3/8 in) to Fine Aggregate No. 0.

11.6.2 The following materials shall have a composition as follows:

a) lumnite or calcium aluminate cement: the mass fraction of Al,O5 shall be at least 35 %;

b) ceramic fibre: the mass fraction of Al,O5 shall be at least 45 % and the remainder shall be primarily SiO, or

ZrO,.

12 Stru

12.1 Ger

1211 TH
design cod

1212 M
121.3 PI
121.4 St
shipment,

in operatid
load and t

ctures and appurtenances

peral

e purchaser shall specify or agree the structural design code. Structures shall comply with
e.

nimum design loads for wind and earthquake shall conform to the structural design code.
htform live loads shall be in accordance with the structural design code.

ructures and appurtenances shall be designedfor all applicable load conditions exp
erection and operation. Cold weather conditions_shall be considered, particularly when the f

n. These load conditions shall include, but arefot limited to, dead load, wind load, earthqu
hermal load.

12.1.5 Degsign metal temperature of structures @nd appurtenances shall be the calculated metal tem

55°C (10
temperatu

12.1.6 TH
account (s

12.1.7 TH
specified g

re of 27 °C (80 °F) in still air.

e effect of elevated design_temperature on yield strength and modulus of elasticity shall
ee Table 10).

e material of the_sfructures and appurtenances shall be adequate for all load conditions
mbient temperature when the furnace is not in operation.

12.2 Struictures

12.2.1 Al
into the re;

loads’from the tubes and headers shall be supported by the structural steel and shall not b
fractory.

he structural

bcted during
urnace is not
bke load, live

berature plus

D °F), based on the maximum flug"gas temperature expected for all operating modes withy an ambient

pe taken into

bt the lowest

e transmitted

12.2.2 St

ructural steel shall be designed to permit lateral and vertical expansion of all heater parts.

12.2.3 Heater casing shall be plate of a minimum thickness of 5 mm (3/16 in), which shall be reinforced against
warping. Casing, if calculated to resist buckling stresses, shall have a minimum thickness of 6 mm (1/4 in). Floor
and radiant roof plates shall have a minimum thickness of 6 mm (1/4 in).

12.2.4 Heater casing plate shall be seal-welded externally to prevent air and water infiltration.

12.2.5 The heater structure shall be capable of supporting ladders, stairs and platforms in locations where
installed or where specified by the purchaser for future use.
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12.2.6 Flat roof design shall allow for runoff of rainwater. This can be accomplished by arrangement of structural
members and drain openings, by sloping the roof or with a secondary roof for weather protection. If pitched roofs
are provided for weather protection, eaves and gables shall prevent the entry of windblown rain.

12.2.7 If fireproofing is specified by the purchaser, the main structural columns of the heater from the baseplate to
the floor level plus the main floor beams shall be designed for the addition of 50 mm (2 in) of fireproofing.

12.2.8 Heaters with horizontal tubes that have return bends inside the firebox shall have removable end panels or
panels in the sidewalls, to provide access to the return-bend welds.

12.2.9 Duct structural systems shall support ductwork independent of expansion joints during operation, when idle
or with duct gectionsremoved:

12.3 Header boxes, doors and ports

12.3.1 Header boxes

12.3.1.1 Fach header box shall allow for the total tube expansion. A minimum clearance of 75 mm (3 in) shall
be provided between the header box door refractory and the header in the hot position:

12.3.1.2 Header boxes enclosing plug headers shall have hinged doors or(bolted end panels as specified by
the purchaser.

12.3.1.3 Header boxes, including doors, shall be of 5 mm (3/16:n) ‘minimum steel plate reinforcgéd against
warping. Hegder boxes shall be removable.

12.3.1.4 If specified by the purchaser, to minimize flue gas bypassing, horizontal partitions shall be grovided in
convection-section header boxes at a spacing no greater thanit,5 m (5 ft).

12.3.2 Doorp and ports

12.3.2.1 Two access doors having a minimum’ clear opening of 600 mm x 600 mm (24 in x 24 inl) shall be
provided for gach radiant chamber of a box or cabin heater.

12.3.2.2 Dne access door having a~minimum clear opening of 450 mm x 450 mm (18 in x 18 in) shall be
provided in the floor for vertical cylindrical"heaters. A bolted and gasketed access door shall also be provided in any
air plenum bg¢low the floor accessway. Where space is not available, access via a burner port is acceptalfle.

12.3.2.3 Dne access doorChaving a minimum clear opening of 600 mm x 600 mm (24 in x 24 in), ¢r 600 mm
(24 in) in diameter, shall be,provided in the stack or breeching for access to the damper and convection sections.

12.3.2.4 Dne tubedremoval door having a minimum clear opening of 450 mm x 600 mm (18 in x 24 i) shall be
provided in the arch*of*each radiant chamber of vertical tube heaters.

12.3.2.5 Dbservation doors and ports shall be provided for viewing all radiant tubes and all burner [flames for
proper operafion and light-off.

12.3.2.6 Access doors shall be provided to ducts, plenums and at all duct connections to air preheaters and
control dampers.

12.4 Ladders, platforms and stairways
12.4.1 Platforms shall be provided as follows:
a) at burner and burner controls that are not accessible from grade;

b) at both ends of the convection section for maintenance purposes;
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c) at damper and sootblower locations for maintenance and operation purposes;
d) at all observation ports and firebox access doors not accessible from grade;

e) at auxiliary equipment, such as steam drums, fans, drivers, and air preheaters as required for operating and
maintenance purposes;

f) atall areas necessary to meet the requirements of 15.5.
12.4.2 Vertical cylindrical heaters with shell diameters greater than 3 m (10 ft) shall have a full circular platform at

the floor level. Individual ladders and platforms to each observation door may be used if shell diameters are 3 m
(10 feet) ortess:

12.4.3 Plptforms shall have a minimum clear width as follows:
a) operafing platforms, 900 mm (3 ft);

b) maintgnance platforms, 900 mm (3 ft);

c) walkwpys, 750 mm (2,5 ft).

12.4.4 Plptform decking shall have a minimum thickness of 6 mm (1/4 in) checkered plate or 25 mm|x 5 mm (1 in
X 3/.16 in)|open grating, as specified by the purchaser. Stair treads shall'be open grating with chgckered plate
nosing.

12.4.5 Dual access shall be provided to each operating platform; except if the individual platform length is less
than 6 m (RO ft).

12.4.6 An intermediate landing shall be provided if the>yertical rise exceeds 9 m (30 ft) for laddefs and 4,5 m
(15 ft) for stairways.

12.4.7 L4dders shall be caged from a point 2,3-m (7,5 ft) above grade. A safety gate shall be provided for all
ladders serving platforms or landings.

12.4.8 Stpirs shall have a minimum width ‘of 750 mm (2,5 ft), a minimum tread width of 240 mm (9,5in), and a
maximum Jriser of 200 mm (8 in). The slope of the stairway shall not exceed a 9 (vertical) to 12 (horizorjtal) ratio.

12.4.9 He¢adroom over platforms;\walkways and stairways shall be a minimum of 2,1 m (7 ft).
12.4.10 Handrails shall be provided on all platforms, walkways and stairways.

12.4.11 Handrails, laddérs and platforms shall be arranged so as not to interfere with tube hangling. Where
interferenge exists,4emovable sections shall be provided.

12.5 Matlerials

12.5.1 Materials for service at design ambient temperatures below — 30 °C (- 20 °F) shall be as specified by the
purchaser. For ambient temperatures below — 20 °C (- 5 °F), special low temperature steels shall be considered.

12.5.2 The mechanical properties and the chemical composition of structural, alloy or stainless steels shall comply
with ISO Standard requirements or their equivalent.

12.5.3 For metal temperatures lower than 425 °C (800 °F), stacks, ducts and breeching shall be constructed from
one of the following structural grades of steel: EN 10025 (grades Fe360, Fe430, Fe510), ASTM (A 36, A 242,
A 572), or their equivalent.

12.5.4 If metal temperatures exceed 425 °C (800 °F), stainless or alloy steels shall be used.
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12.5.5 The mechanical properties of the steels at temperatures between 0 °C (32 °F) and 425 °C (800 °F) shall be
determined according to the values given in Table 10.

12.5.6

If the minimum service temperature is —18 °C (0 °F) or higher, bolting material shall be in accordance with
ASTM A 307, A 325, A 193-B7 or equivalent. Below —18 °C (0 °F), A 193-B7 bolts with A 194-2H nuts, A 320-L7
bolting or equivalent shall be used. No welding is permitted on A 320-L7 or A 193-B7 materials.

Table 10 — Minimum yield strength F, and modulus of elasticity E for structural steel

EN 10025 Fe 360 EN 10025 Fe 430 EN 10025 Fe 510 ASTM A 36 ASTM A 242 ASTM A 572

T Fy ' y ' y ' y i Fy r y E

°C MN/m? GN/m2 MN/m?2 GN/m2 MN/m?2 GN/m2 MN/m?2 GN/m2 MN/m?2 GN/m? MN/m?2 GN/m2
(°F) | (psix 10P) | (psix 108) | (psix 103) | (psix 108) | (psix 103) | (psix 108) [ (psix 103) | (psix 108) | (psix 103) [ (psix 108) |~(psix 109 | (psix 106)

20 235 210 275 210 355 210 248 200 290 192 344 207
(70) (34,1) (30,5) (39,9) (30,5) (51,5) (30,5) (36,0) (29,0) (42,1) @7'8) (50,0) (30,0)
200 207 202 242 202 312 202 200 193 261 186 296 200
(390) | (30,0) (29,3) (35,1) (29,3) (45,3) (29,3) (29,0) (28,0) (37.,9) (27,0) (42,9) (29,0)
250 196 198 229 198 295 198 192 189 254 182 283 196
480) | (28,4) (28,7) (33,2) (28,7) (42,8) (28,7) (27.,8) (27%) (36,8) (26,4) (41,1) (28,4)
300 183 192 214 192 276 192 183 185 246 177 271 191
(570) | (26,5) (27.8) (31,0) (27.8) (40,0) (27.8) (26,5) (26.,8) (35,7) (25,7) (39,4) (27.7)
350 169 185 197 185 255 185 175 180 238 171 264 186
660) | (24,5) (26,8) (28,6) (26,8) (37,0) (26,8) (25,4) (26,1) (34,5) (24,8) (38,3) (27,0)
425 161 173 178 173 230 173 161 176 229 161 248 173
(800) (23,4) (25,1) (25,8) (25,1) (33,4) (25,1) (23,4) (25,5) (33,2) (23,4) (36,0) (25,1)

13 Stacksg, ducts and breeching

13.1 General

13.1.1

circular or co

13.1.2 The

codes

If no specific

13.2 Desig

This|clause applies to the_ structural design of ducts, breeching and self-supporting vertical stee
hical section.

n considerations

design of stacks, ducts and breechings shall be in accordance with the applicable provisi
and sfandards specified by the purchaser and, as a minimum requirement, shall comply with this
design.Cede is specified, one of the methods given in annex H should be adopted.

| stacks of

ons of the
clause 13.

13.2.1 Stacks shall be self-supporting and shall be bolted to their supporting structure.

13.2.2 Stack intermediate construction shall be performed with full-penetration welding or, if agreed by the

purchaser, shall be bolted.

13.2.3 Breeching and ducting shall be of welded or bolted construction.

13.2.4 External attachments to stacks shall be seal-welded.

13.2.5 Stacks, ducts and breeching mounted on concrete shall be designed to prevent concrete temperatures in
excess of 150 °C (300 °F).
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13.2.6 Connections between stacks and flue-gas ducts shall not be welded.

13.2.7 A corrosion-resistant metal cap should be provided at the top of the stack lining refractory to protect its

horizontal

surface from the weather.

13.2.8 Linings may be required in steel stacks for one or more of the following purposes:

a)
b)
c)
d) to mai

e)

13.2.9 TH
considerat

fire protection;

to protect structural shell from gases of excessively high temperature;

corrosjorT protectiorT;

htain the flue-gas temperature at least 20 °C (35 °F) above the acid dew point;

to redyice potential for aerodynamic instability.

e suitability of specialist linings other than refractory should be discussed“with the manuy
ion should be given to their strength, flexibility, thermal properties and resistance to chemica

13.2.10 Castable linings shall be secured to stacks, ducts and breeching by suitable anchorage (see 1

13.2.11 Al
leakage.

openings and connections on the stack, duct or breeching<shall be sealed to prevent a

13.2.12 Breeching shall have a minimum clear distance beyond the last (present or future) convection

(2,5 feet)
convectior]

13.2.13 St
erection a
load cond
load.

13.2.14 TH
the design
and earthd

13.2.15 TH
minimum

13.2.16 TH

for access and flue-gas distribution. At least oné\take-off shall be provided every 12
-section tube length.

acks, ducts and breeching shall be designed-for all applicable load conditions expected dur
nd operation. Snow and ice shall be considered, particularly when the furnace is not in ope
tions shall include, but not be limited‘te; dead load, wind load, earthquake load, live load

e combination of loads that could occur simultaneously to create the maximum load cond
load, but in no case shall individual loads create stresses that will exceed those allowed b
uake loads shall not be considered as acting simultaneously.

e minimum thickness)of the stack shell plate shall be 6 mm (1/4 in), including corrosion all
corrosion allowance)shall be 1,6 mm (1/16 in).

e minimumgndmber of anchor bolts for any stack shall be eight.

ifting lugs>on stacks, if required, shall be designed for the lifting load as the stack is r.

facturers but
| attack.

1.3.7).

r or flue-gas

row of 0,8 m
m (40 ft) of

ng shipment,
fation. These
and thermal

tion shall be
y 13.4. Wind

pwance. The

pised from a

perature plus

50 °C (90 °F), based on the maximum flue-gas temperature expected for all operating modes with an ambient
temperature of 27 °C (80 °F) in still air.

13.2.19 The minimum thickness of breeching and duct plate shall be 5 mm (3/16 in).

13.2.20 Ducts and breeching shall be stiffened to prevent excessive warpage and deflection. Deflection of castable
refractory lined ducts and breeching shall be limited to 1/360t of the span. Deflection of other ducts and breeching
shall be limited to 1/240t" of the span.
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13.3 Desig

n methods

Where no specific requirements are given by the purchaser, one of the methods given in H.2 or H.3 of annex H

should be ad

13.4 Static

opted

design

13.4.1 All stacks shall be designed as cantilever beam columns.

13.4.2 Linin

gs shall not be considered as contributing to the strength of the stack, duct or breeching.

13.4.3 Discopntinuities in the stack shell plate, such as conical-to-cylindrical junctions and non-circular fransitions,
shall be designed so that the combined membrane and bending stresses in the stack shell or stiffening rings do not

exceed 90 % of the minimum yield strength of the respective materials at design temperature.

13.4.4 Openings cut into the stack shall be limited in size to a clear width no greater thamtwo-thirds of the stack
diameter. Fof two openings opposite each other, each chord shall not exceed the stack,radius. Openings shall be

reinforced to[fully restore the required structural capacity of the uncut section.

13.4.5 Apertures in the stack shell plates, other than flue inlets, shall have the corners radiused to a minimum of

10 times the
13.4.6 Cha

13.4.7 Ring
moments.

13.4.8 Circy
the ratio R/t

13.4.9 Stiffe

a) ring spa

b) ring seclion modulus required: Z > HM/(0,6 Fyr)

where

M

late thickness.
ges in cylindrical stack diameters shall be made with cones_having an apex angle of 60° or less.

stiffeners provided to carry wind pressure should ke)designed for the circumferential bending

mferential bending moments due to wind pressure may be neglected in unstiffened cylindrigal shells if
160, where R is the radius and ¢ is the corroded thickness of the shell.

ning rings are required if ¢ < (5M/9Fys)0'5 and shall be provided as follows:

cing limits: 1 < Hg/D < 3;

is the maximum-cifcumferential moment per unit length of shell, in newton metres per metfe (N-m/m)
[inch-poundsper inch (in-Ib/in)];

is the.minimum vyield strength of shell material at design temperature, in newtons per square
millimetre (N/mm?2) [pounds per square inch (psi)];

HP 5 Y rradaed-aball-thi n HEW-CH | HEZCW2X Y Lnobhac):
TSI COTTOGUCT LY L]

(I)m -

o

VA

Fyr

is the ring spacing, in millimetres (inches);
is the shell diameter, in millimetres (inches);
is the section modulus of ring, in cubic millimetres (cubic inches);

is the minimum vyield strength of ring stiffener at the shell design temperature, in newtons per square
millimetre (N/mm?2) [pounds per square inch (psi)].

13.4.10 Stack deflection due to static wind loads shall not exceed 1 in 200 of stack height, based on the shell
plate thickness less 50 % of the corrosion allowance and without considering the presence of a lining.
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13.4.11 The permitted deviation (execution tolerance) from the vertical of the steel shell at any level above the
base of the erected stack shall be determined from the following formula:

h

P —
1000,/1+50/%

or

L (f)

) L —
10001+ 164/h

where

h

g

J

13.5 Win

13.511 A
specific re

13.5.2 If
(hourly m
response

13.5.3 If
to reduce

a) Increa
b) Usea

c) Use g

vertical plates as described in 13.5.6),‘the choice of which shall be specified or agreed by th

Anne
d) Modify

13.54 W,
of the stad

the stack height, in metres (feet).

d-induced vibration design

dynamic analysis shall be made to determine the stack's response to wind and earthquaks
uirements are given by the purchaser, the methods given in annex H.should be adopted.
pan) design wind speed (evaluated at the top of the stack){ dynamic loads resulting fror

need not be included in the design load.

bnalysis indicates that excessive vibrations due to cross-winds are possible, one of the follov
yortex-induced amplitudes shall be used.

se mass and structural damping characteristics(€.g. use of refractory lining).

mass damper (e.g. tuned pendulum damper).

erodynamic devices (e.g. helical -or \vertical strakes as described in 13.5.4 and 13.5.5
H gives recommendations regarding the application of spoilers or strakes.

stack length and/or diameter until acceptable vibration characteristics are achieved.

hen strakes are required to disrupt wind-induced vibration, they shall be used on at least th
k height.

13.5.5 H

pitch of five diameters and a projection of 0,1 diameters.

13.5.6 Staggered vertical plates shall be not less than 6 mm (1/4 in) thick and not more than 1,5
Three strdkes) shall be placed at 120° around the stack and shall project 0,10 diameters from the @

lical strakes,shall consist of three rectangular strakes of thickness 6 mm (1/4 in) at 120° s

action. If no

he critical wind speed for the first mode of vibration of the stack’is 1,25 times higher than the maximum

h cross-wind

ing methods

br staggered

e purchaser.

e upper third

pacing with a

m (5 ft) long.
utside of the

stack. AdjacentTevels of strakes shall be staggered 30~ from each other.

13.5.7 Where a stack is positioned within close proximity of other tall structures, consideration should be given to

the possib

ility of buffeting effects.

13.5.8 Where a stack is positioned adjacent to another stack or tall cylindrical vessel, the minimum recommended
spacing between centres is 4d, where d is the largest diameter of the adjacent structures. Interference effects may
be neglected for spacing between centres of greater than 15d4.

13.5.9 For a stack downwind of an adjacent stack or a tall vessel, interference effects shall be accounted for by an
increase in wind load.
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13.6 Materials

The material of the stack, breeching and duct shall be adequate for all load conditions at the lowest specified

ambient temperature when the furnace is not in operation (see 12.5).

14 Burners and auxiliary equipment

14.1 Burners

14.1.1 Burng
impingement
operating ranjge of the burners. The location and operation of burners shall ensure complete combustion
radiant sectign of the heater.

14.1.2 Burngrs shall be designed in accordance with all local and national statutes and regulations.

14.1.3 For
for forced-dr3

burner clearances, the data given in Table 11 shall be used for natural-dratight burners and i
hught burners.

14.1.4 In addition to 14.1.3 above, the following shall apply.

a) The number and size of burners shall ensure that the visible flamedlength is a maximum of two-th
radiant dection height.

b) For horizontal opposed firing, the minimum visible clearance between directly opposed firing flame fi
1,2 m (4)ft).

14.1.5 For hurners outside the range given in Table 11 and Table 12, verifiable data shall be obtained
design is findlized. For high heat releases, see 14.1.8 and 14.1.10.

14.1.6 For gther types of burner (e.g. fan-shaped flame or radiant-wall flame), vendor or other verifiable]
be obtained.

14.1.7 All burners shall be sized for a maximum heat release at the design excess air based on the follo
a) five or feer burners, 120 % of normal heat release at design conditions;

b) six or seyen burners, 115 %-of normal heat release at design conditions;

c) eight or mhore burners, 410 % of normal heat release at design conditions.

14.1.8 For l|quid-fuelfifed heaters with a maximum heat release greater than 4,4 MW (15 x 106 Btu/h),

of three burrlersshall be used. Alternatively, if specified or agreed by the purchaser, a single burner wi
guns may belused to permit gun maintenance without shutting down or upsetting the process.

nst flame
the entire
within the

h Table 12

irds of the

bs shall be

pefore any

data shall

wing:

minimum
h auxiliary

14.1.9 Gas pilots shall be provided for each burner.
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Table 11 — Minimum clearance guidelines for natural-draught operation

Minimum clearance
A B Cc D
Maximum heat - ; ) .
Burner release per burner Vertical to Horizontal from Horizontal from | Between opposing
type centreline roof burner centreline | burner centreline burners
tubes or refractory to wall tubes to unshielded (horizontal firing)
(vertical firing only) centreline refractory
MW | (Btu/h x 106) m (ft) m (ft) m (ft) m (ft)
1.0 (3.41) 4.3 (14.1) 0.8 (2,6) 0.56 (1.9) 6.5 (21,4)
1,5 (5,12) 5,6 (18,5) 0,9 (3,0) 0,70 (2,3) 8,8 (29,0)
2,0 (6,8) 7,0 (22,9) 1,1 (3,5) 0,83 (2,7) 1,2 (36,7)
Oil firing 2,5 (8,5) 8,3 (27,4) 1,2 (3,9) 0,96 (3,19 13,3 (43,6)
3,0 (10,2) 9,7 (31,8) 1,3 (4,3) 1,09 (3,6) 14,8 (48,7)
3,5 (11,9) 11,0 (36,2) 1,4 (4,7) 1,22 (4,0) 16,4 (53,8)
4,0 (13,6) 12,4 (40,7) 1,6 (5,2) 1435 (4,4) 18,0 (59,0)
0,5 (1,71) 2,6 (8,5) 0,6 (1,9) 0744 (1,4) 3,4 (11,1)
1,0 (3,41) 3,6 (11,9) 0,7 (2,4) 0,56 (1,9) 4,9 (16,2)
1,5 (5,11) 4,6 (15,2) 0,8 (2,8) 0,70 (2,3) 6,5 (21,4)
2,0 (6,82) 5,6 (18,5) 1,0 (3,2) 0,83 (2,7) 8,1 (26,5)
2,5 (8,53) 6,7 (21,8) 1,1 (3,6) 0,96 (3,1) 9,6 (31,6)
Gas firirlg
3,0 (10,24) 7,7 (25,2) 1,2 (4,1) 1,09 (3,6) 11,1 (36,4)
3,5 (11,94) 8,7 (28,5) 1,4 (4,5) 1,22 (4,0) 11,9 (38,9)
4,0 (13,65) 9,7 (34,8) 1,5 (4,9) 1,35 (4,4) 12,6 (41,5)
4,5 (15,36) 10,7 (35,1) 1,6 (5,3) 1,48 (4,8) 13,4 (44,0)
5,0 (17,06) 11,7 (38,5) 1,8 (5,7) 1,61 (5,3) 14,2 (46,6)
For horizpntal firing, the distance between the burner centreline and the roof tube centreline or refractory shall be 50 %
greater than the distances in column B:
For combination liquid and gas-burners, the clearances shall be based on liquid fuel firing, except if liquid fud is used for
startup ofly.
For conyentional gas burhers, the longitudinal clearance may be decreased. This shall be achieved by multiplying
dimensiohs in column‘A~by a factor of 0,77 and column D by a factor of 0,67.
For interrnediate fiting rates, the required clearances may be achieved by linear interpolation.
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Table 12 — Minimum clearance guidelines for forced-draught operations

Maximum heat release per burner Horizontal distance to centreline of
wall tubes from burner centreline
MW (Btu/h x 108) m (ft)
Oil firing
2,00 (6,820) 0,932 (3,058)
3,00 (10,240) 1,182 (3,878)
4,00 (13,650) 1,359 (4,458)
5,00 (17,060) 1,520 (4,987)
6,00 (20,470) 1,664 (5,459)
8,00 (27,300) 1,919 (6,292)
10,00 (34,120) 2,143 (7,031)
12,00 (40,950) 2,346 (7,697)
Gas firing
2,00 (6,820) 0,932 (3,058)
3,00 (10,240) 1,182 (3,878)
4,00 (13,650) 1,359 (4,458)
5,00 (17,060) 1,520 (4,987)
6,00 (20,470) 1,664 (5,459)
8,00 (27,290) 1,786 (5,860)
10,00 (34,120) 1,923 (6,309)
12,00 (40,950) 2,035 (6,677)
For horizontal firing, the distance between the burner centreline and the roof tube centreline or
refractory shall be 50 % greater than the distances shown in the column above.
For combination liquid apd.gas burners, the clearances shall be based on liquid fuel firing,
except if liquid fuel is used-for start-up only.
For intermediate firing) rates, the required clearances may be achieved by linear interpolation.
Lack of data does-not allow other clearances to be specified.
At high peak flux, additional clearances may be required.

14.1.10 If a gontinuous pilot is provided, it shall meet the following requirements.

a) The pilo{ shall have a minimum heat release of 22 kW (75 000 Btu/h). The minimum heat release shall be
approved by the purchaser, if it is for a high capacity burner whose heat release is 4,4 MW (15 x 108 Btu/h) or
greater.

b) The pilot burner shall be provided with a continuous supply of air, under all operating conditions. This includes
operation with the main burner out of service.

c) The pilot burner shall remain stable over the full firing range of the main burner. It shall also remain stable
upon loss of main burner fuel, minimum draught, all combustion air flowrates and for all operating conditions.

d) The pilot shall be positioned and sized to ensure that it is capable of lighting any of the main burner fuels. The
purchaser shall specify the minimum main fuel flowrate during cold burner light-off.
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e) The pilot shall be capable of re-lighting an individual main burner over the full range of fuel and combustion air
flowrates when the fired heater is in service. This shall include light-off at design combustion air flowrate and
low fuel flowrate.

14.1.11 Burner block installations shall be designed to expand and contract as a unit, independent of the heater
refractory.

14.1.12 Burner tiles shall be supplied, pre-dried as required, so as to allow full firing after installation without further
treatment. Burner tiles fabricated from water-based and hydrous materials shall be pre-dried to no less than 260 °C
(500 °F).

14.1.13 The-materials or-constructiorof-a-burner-shaltbe or-strength,as—weta perature- and
corrosion-fesistance, for the anticipated service conditions. Burner components shall be designed‘iny accordance
with the mjnimum requirements shown in Table 13.

14.1.14 The burner shall maintain flame stability when operating at no less than 33 % of thexmaximum| heat release
settings without adjusting the air controls.

14.1.15 The burner shall be selected to use no less than 90 % of the maximum available draugh{ loss for the
maximum |specified heat release.

14.1.16 The burner fuel valve and air registers shall be operable from/grade or platforms. A megans shall be
provided tp view the burner and pilot flame during light-off and operating@djustment.

14.1.17 If p natural-draught burner is to be used in forced-draught setvice, the purchaser shall specify the required
heater capacity during natural-draught operation, if required.

14.1.18 Of burners should be designed to operate at a normal kinematic viscosity of 15 mmZ2fs (15 cSt) to
20 mm?/s |20 cSt). The maximum shall not exceed 40 mm?/s (40 cSt).

14.1.19 Atomizing steam shall be supplied dry at the'burner, or with slight superheat.
14.1.20 If jvolatile fuels, such as naphtha op-gasoline, are burned, a safety interlock shall be proviged on each
burner. THe interlock design shall (in sequenee) shut off the fuel, purge the oil gun, and shut off the pprge medium
before the|gun can be removed.

14.1.21 Ofl guns shall be removablé while the heater is in operation.

14.1.22 The purchaser shall ‘'specify whether gas guns, diffusers or the complete burner assembly shall be
removabld.
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Table 13 — Materials of construction

Component

Operation

Material

Fuel gas
(burner and pilot)

Fuel gas manifold and piping

Normal

Cast iron or carbon steel

>100 mg/kg H,S and either
>150 °C (300 °F) fuel, or
>205 °C (400 °F) combustion air

AISI 321L stainless st

eel

Fuel gas riser pipe

Normal

Carbon steel

>370 °C (700 °F) combustion air

AISI 304 stainless ste

el

>T00 mg/kg H,S and efther
>150 °C (300 °F) fuel, or
>205 °C (400 °F) combustion air

AlISI 321L stainless st

el

Fuel gas tip

Normal

Cast iron.or’AlSI 300
stainless ‘steel

series

> 100 mg/kg H,S and either
>150 °C (300 °F) fuel, or
>205 °C (400 °F) combustion air

AISI['321L stainless st

eel

Premix Venturi Normal Cast iron or carbon steel
Fuel oil Qil gun receiver and body Normal Ductile iron
Oil gun tip Normal AISI| 316 stainless stegl
Erosive oils T-1 tool steel or similgr
Atomizer Normal Brass

> 3 % (mass fraction) sulfur

AISI 303 stainless ste

e

Atomizer body only Erosiveoils Nitride-hardened alloy
Other Normal Carbon steel
Burner housjing Exterior casing Normal Carbon steel

Preheated combustion air

Insulated carbon stee|

Flame stabilizer or cone

Insulation and jeisé reduction

linings

Normal

AISI 300 series stainl

bss steel

< 370 °C (700 °F) combustion air

Mineral wool

> 370 °C (700 °F) combustion air

Mineral wool covered
liner

with metal

Other interior metal parts

Normal

Carbon steel

> 370 °C ( 700 °F) combustion air

ASTM A 242 or AISI §
stainless steel

04

Burner tile Normal > 40% alumina refracjory
High intensity combustor > 85% alumina castable
refractory/firebrick
QOil firing tile <50 mg/kg V, Na > 60% alumina refractory

> 50 mg/kg V, Na

> 90% alumina refractory

ASTM and AlSI material grades are indicative of chemical composition; other grades may be used if they have similar properties

14.2 Sootblowers

14.2.1 Sootblowers shall be automatic, sequential and/or fully retractable, as specified by the purchaser.
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14.2.2 Individual sootblowers shall be designed to pass a minimum of 4 500 kg/h (10 000 Ib/h) of steam with a
minimum steam gauge pressure of 1 030 kPa (150 psi) at the inlet flange.

14.2.3 Retractable sootblower lances shall have two nozzles, an air bleed and check valve to stop flue gas
entering. The minimum distance at any position between the lance outside diameter and the bare tube outside
diameter shall be 225 mm (9 in).

14.2.4 Spacing of retractable sootblowers shall be based upon a maximum horizontal or vertical coverage of
1,2 m (4 ft) from the lance centreline, or five tube rows, whichever is less. The first (bottom) row of shield tubes may
be neglected from sootblower coverage. Tube supports are considered as a limit to individual sootblower coverage.

14.2.5 Erosion pmfpr‘ﬁnn shall be prn\/idpd for convection-section walls located within the ant-hlnwing zones,
using castpble refractory with a minimum density of 2 000 kg/m3 (125 Ib/ft3).

14.2.6 Retractable sootblower entrance ports (through the refractory wall) shall be provided with sfainless steel
sleeves.

14.3 Fans and drivers

Fans and |drivers for use with fired heaters shall be designed and built in accafdance with the requirements of
annex E.

14.4 Dampers and damper controls

14.4.1 Buytterfly dampers shall be limited to stacks and ducts having a maximum internal cross-secfional area of
1,2 m2 (19 ft2).

14.4.2 Lquvre dampers shall have a minimum of one blade for every 1,2 m2 (13 ft2) of internal crpss-sectional
area in the stack or duct. The blades shall have approXimately equal surface areas. Blades shall hpve opposed
movemen{ unless they are located at the fan suction, in which case there will be parallel closing movement
opposite tp the fan rotation.

14.4.3 Damper shafts and bolting shall be of-the’same materials as the blade.

14.4.4 Damper bearings and control_mechanisms shall be external. Bearings shall be self-aligning, of non-
lubricated |graphite and mounted in the"bearing manufacturer’s standard housing.

14.4.5 Control dampers shall be"designed to move to the position specified by the purchaser in the eyent of failure
of either the damper-control signal or the motive force.

14.4.6 Dampers shall bé equipped with a visual indicator of external blade position, on the damper |shaft and on
any remotg control mechanism.

14.4.7 Dampers:shall be furnished with a position control mechanism that is operable from grade agd is capable
of holding|the-damper blade in any position from fully open to fully closed. The damper controller [shall provide
positive agtion to translate the damper blade in either an open or closed direction.

14.4.8 Manual damper-operators shall be designed so that one person can, without excessive effort, position the
damper blade in any desired position. Wire rope damper-operators shall be a minimum of 3 mm (1/8 in) diameter,
austenitic stainless steel wire rope with galvanized hardware such as thimbles, turnbuckles and clamps.

14.4.9 Damper materials shall be limited to maximum service temperatures as follows:

a) carbon steel, 430 °C (805 °F);

b) 5Cr-1/2Mo, 650 °C (1 200 °F);

c) 18Cr-8Ni, 815 °C (1 500 °F);

d) 25Cr-12Ni, 980 °C (1 800 °F.)
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14.4.10 Stack and flue-gas duct dampers shall have blades of minimum thickness of 5 mm (0,2 in).

15 Instrument and auxiliary connections

15.1 Flue gas and air

15.1.1 Flue-gas and combustion-air temperature

15.1.1.1

15.1.1.2
multi-radiant
each 9 m (3(

15.1.1.3
coil for each
convection ¢

15.1.1.4

15.1.1.5
combustion &

15.1.1.6
couplings we
shall be line
furnished wit

15.1.2 Flue-

15.1.2.1
above the to

15.1.2.2
each burner

15.1.2.3

15.1.2.4
utility coil.

15.1.2.5

The connections furnished shall be DN 40 (1%NPS), 20 MPa (3 000 Ib) screwed fq

Two connections shall be providedin each radiant section located 300 mm to 600 mm (

Two connections.shall be provided in each radiant section at the point of minimum draught.

U WO O O o Pproviced:

Dne connection shall be provided in the convection section, preceding the first process or u
section heaters or multiple heaters have their flue gas combined to a common conveetion s
ft) of convection tube length.
Dne connection shall be provided in the convection section immediately after’each proces
Dil.

Connections shall be provided in each stack and each take-off to/a stack.
Connections shall be provided in the inlet and outlet air and flde-gas ductwork of an air heats

ir to the burners.

Ided to the outside casing plate. If the refractory lining exceeds 75 mm (3 in) in thickness, th
i with austenitic stainless steel pipe (schedule;80). A hex-head forged-steel screwed plu
N each coupling.

gas and combustion-air pressure

b of the floor refractory.

For heaters with horizontal firing, one connection shall be provided at the highest burner ce
vall.

A\ connection,-shall be provided in the convection-section outlet immediately after the final

Conhections shall be provided upstream and downstream of the draught-control dampers.

One connection shall be provided in the flue-gas exit of each radiant section for each 9 m (30 ft) of
radiant box |lgngtiror-diame Attes sconnectionsshatt-beprovidec

Lility coil, if
ection, for

s or utility

9 m (30 ft) of convection tube length. A minimum of two connections shall be provided affer the last

r and final

rged-steel
€ opening
g shall be

ft to 2 ft)

htreline on

Drocess or

15.1.2.6

15.1.2.7

Connections shall be provided in the inlet and outlet ductwork connected with a fan.

combustion air heater.

15.1.2.8

combustion air control damper in the burner windbox or plenum.

15.1.2.9

Connections shall be provided in the inlet and outlet flue-gas and combustion-air ducting of a

A connection of at least DN 15 (2 NPS) shall be provided at a suitable location downstream of any

The connections furnished shall be DN 40 (1% NPS), 20 MPa (3 000 Ib) screwed forged-steel

couplings welded to the outside casing plate. If the refractory lining exceeds 75 mm (3 in) in thickness, the opening
shall be lined with austenitic stainless steel pipe (Schedule 80). A hex-head forged-steel screwed plug shall be
furnished with each coupling.
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15.1.3 Flue gas sampling

15.1.3.1 Connections shall be provided in the flue gas exit from each radiant section.
15.1.3.2 Connections shall be provided at the convection-section outlet.
15.1.3.3 Connections shall be provided in each stack and each take-off to a stack in compliance with

environmental air quality monitoring requirements as specified by the appropriate regulatory body. Sampling point
locations shall be determined according to environmental requirements regarding upstream and downstream flow
disturbances.

15.1.34 Theconmections—shattbe DBiN-166 (4 NPS) schedute—86 pipc withactass P20 (ASM class 150)
raised-face flange. The pipe shall be welded to the outside casing plate and project 200 mm (8 in) Ao the face of the
flange. The heater vendor shall furnish for each connection a class PN 20 (ASME class 150)“blind flange with
appropriate gaskets for the temperature and corrosive conditions of the flue gas. The pipe-shall extend 38 mm
(1,5 in) intp the heater from the hot face of the refractory lining.

15.1.3.5 Additional connections to meet applicable governmental or local environmental requiremgents shall be
specified jy the purchaser.

15.2 Progcess fluid temperature

15.2.1 TH
specified &

15.2.2 If
by the hes
manifold ig

e heater vendor shall provide fluid thermowell connections~in/the convection to radiant ¢
y the purchaser.

brocess outlet thermowell connections are specified by the purchaser and individual outlets
ter vendor, the thermowell connections shall be furhished as part of the outlet piping systen
furnished, the specified thermowell connectionsshall be provided by the heater vendor.

15.2.3 Process fluid thermowell connections shall ‘be DN 40 (1 1/2 NPS) raised-face flanges V
for the fluid design pressure and temperature. The material shall be the same as the tulpe or pipe to

adequate
which it is

15.3 AuX

connected.

iliary connections

15.3.1 Purge steam connections

rossovers, if

are provided
n. If an outlet

vith a rating

15.3.1.1 Purge connections-niay also be used as snuffing steam connections.

15.3.1.2 A minimum.6f two purge connections shall be provided for each firebox. The connectlons shall be
DN 40 (11J2 NPS) or DN.50 (2 NPS), 20 MPa (3 000 Ib) screwed forged-steel pipe couplings, welded fo the outside
casing plate. The openings through the refractory shall be lined with a Schedule 80 austenitic stainless| steel pipe.
15.3.1.3 Purgé connections shall allow for flowrate providing a minimum of three firebox volume changes within
15 min.

15.3.1.4 Connections shall be located to preclude impingement on the heater coils and any ceramic fibre

linings, and shall provide even distribution in the radiant section. The minimum size connection to header boxes
shall be DN 20 (3/4 NPS). At least one DN 25 (1 NPS) connection shall be provided for each burner plenum

chamber.

15.3.1.5
steam.

For forced-draught systems, the forced-draught fan can be used to purge the firebox in

15.3.2 Vent and drain connections

15.3.2.1
40 MPa (6

lieu of purge

Manifold or piping vents and drains shall be a welded coupling of minimum properties DN 25 (1 NPS),

000 Ib), of the same metallurgy as the manifold or piping.
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15.3.2.2

If water-washing of either radiant or convection tubes is specified by the purchaser, provisions shall be

made for draining water to the outside of the heater using at least one DN 100 (4 NPS) connection with a cap.

15.3.2.3
plug shall be

provided of minimum properties DN 20 (%2 NPS), 20 MPa (3 000 Ib).

15.4 Tube skin thermocouples

For header boxes containing flanged or plug fittings, a screwed forged-steel drain connection with hex

15.4.1 Tube skin thermocouples, if specified by the purchaser, shall be welded to a tube within a 60° arc on the
tube wall, directly facing the flame envelope. Lead wire, insulators and protective sheaths shall be designed to
accommodate all anticipated tube movement.

15.4.2 Protlctive sheaths shall be made gas-tight and constructed of Type 310 stainless steel(or

suitable for
All thermoco

e operating conditions. Such sheaths shall be attached to the heater tubes by welded-¢lips

15.5 Access to connections

All instrumen
Thermocoup
above the fl
above the flo

Connections

t and sampling connections shall be accessible from grade, platforms ar-{adders.

e connections considered as accessible from a platform or grade‘shall be no more than 2
por of the platform or the grade. Flue-gas sampling connections shall be no more than 1
or of the platform or the grade.

considered as accessible from permanent vertical ladders shall be no more than 0,8 m (2

the centrelings of such ladders and at least 0,9 m (3 ft) below the tép rung of such ladders.

16 Shop f

16.1 Gene

16.1.1 The
extent possil
Individual se|

abrication and field erection

al

heater, all auxiliary equipment, ladders, stairs and platforms shall be shop-assembled to the
le consistent with the available shipping, receiving and handling facilities specified by the
ctions shall be properly braced and supported to prevent damage during shipment. All blg

bracing used for shipping purposes‘shall be clearly identified for field removal. Coil flange faces

machined fa
covered to p

16.1.2 The
handling or v

16.1.3 All s

Ces shall be coated_with an easily removable rust preventive. Openings in pressure part
event entrance of fareign materials.

vendor shallsstate the type of protection provided for refractory and insulation to avoid d
eather during-shipment, storage, and erection.

urfaces o be welded shall be free from scale, oil, grease, dirt, and other harmful agent

pther alloy
or bands.

Iiple assemblies shall terminate on the exterior shell of the fired heater with a therniecouple head.

m (6,5 ft)
2m (4 ft)

,5 ft) from

maximum
burchaser.
cking and
and other
s shall be

amage by

5. Welding

operations STa" be'protected from wind, rain, and other weather conditions that may affect weld quality.

16.1.4 The heater steel structures shall be fabricated in accordance with the structural design code.

16.1.5 Coils shall be fabricated in accordance with the applicable provisions of the pressure design code.

16.2 Structural steel fabrication

16.2.1 General requirements

a) Welders for structural steel fabrication shall be qualified in accordance with the structural design code.

b)

48

Seam welds between plates shall be continuous, full-penetration welds.
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Horizontal exterior welds between plates and structural members shall have a continuous fillet weld on the top
side and 50 mm (2 in) long fillet welds on 225 mm (9 in) centres on the bottom side. Diagonal and vertical
exterior welds shall have continuous fillet welds on both sides.

Fillet welds shall be of uniform size with full throat and legs.

Welding filler materials shall be in accordance with the structural design code and shall have a chemical
composition matching that of the base materials being joined.

Impact test requirements and Charpy values shall be specified by the purchaser for all welds with design metal
temperatures below — 30 °C (- 20 °F) and for submerged arc welds at design metal temperatures below

— 18 SEA0-F)-

Circular and slotted bolt holes in columns and baseplates shall be drilled or punched. Baseplates $hall be shop
welded.

The minimum thickness of gusset plates shall be 6 mm (1/4 in).
Shop |connections shall be bolted or welded. Field joints between casing platés)and stack intermediate joints
shall pe welded unless full structural-strength flanged connections are supplied. All other field jpints shall be
bolted. Where field bolting is impractical, erection clips or other suitable pésitioning devices shall|be furnished
for fie]d-welded connections.

The ninimum size of bolts shall be 16 mm (5/8 in) in diameter, except where the flange width prohibits use of
such $ize bolts. In no case shall bolts be less than 12 mm (1/2 in)in diameter.

Drainfholes in structural members shall be a minimum of. #2“mm (1/2 in) in diameter. Checkered plate flooring
shall be furnished with one, 12 mm (1/2 in) diameter drain*hole for every 1,4 m2 (15 ft2) of floor pldte area.

The threads of bolts securing damper blades to the-shaft shall be scored or tack-welded after instgllation.

Attachhment of refractory anchors or tiebacks-to heater casing shall be by manual or stud-gun welding. If
manupl welding is employed, welds shall-be:“all around”.

Suitable lifting lugs shall be provided\for the erection of all sections where the section mass exceeds 1 820 kg
(4 000 Ib). The lifting load used shall-be 1,5 times the section weight to allow for impact.

All stiuctural steel and sub<assemblies shall be clearly marked with letters or numbers at least O mm (2 in)
high fpr field identificationt-All loose items such as rods, turnbuckles, clevises, bolts, nuts and waghers shall be
shipped in bags, kegs(on crates. Bags, kegs or crates shall be tagged with the size, diameter and length of
contepts so that tags _for each item are individually identifiable. Tags used for marking shall e metal and
markipgs shall be-applied by stamping.

ction marks,

A minimum 5 % surplus number of bolts and nuts (size and material) used in the erection of the heater shall be
furnished.

16.2.2 Heater stacks

The stack shall be sufficiently true so that the erected stack, when plumbed, exhibits a maximum vertical deviation
of 25 mm (1 in) per 15 m (50 ft) of height.

The maximum perpendicular deviation from a straightedge applied to the stack shell shall not exceed 3 mm (1/8 in)
in any 3 m (10 ft).
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The difference between minimum and maximum diameters at any cross-section along the stack length shall not
exceed 2 % of the nominal diameter for that section.

Plate misalignment at any stack joint shall not exceed 3 mm (1/8 in) or 25 % of the nominal plate thickness,
whichever is less.

Vertical joint peaking shall not exceed a depth of 5 mm (3/16 in) when measured from a 600 mm (24 in)
circumferential template centred on the joint.

Circumferential joint banding shall not exceed a depth of 8 mm (5/16 in) when measured from a 900 mm (36 in)
straightedge centred on the joint.

16.3 Coil berication

16.3.1 Unleps otherwise specified by the purchaser, the following welding processes are {permitted, provided
satisfactory gvidence is submitted that the procedure is qualified in accordance with the pressure design ¢ode:

a) shielded|metal arc with covered electrodes;

b) gas tunggten-arc, manual and automatic;

c) gas welding process for DN 50 (2 NPS) and smaller and for P-1 material;
d) gas metgl-arc welding in the spray transfer range;

e) flux corefl-arc welding with external shielding gas.

16.3.2 Permpanently installed backing rings shall not be used;

16.3.3 An argon or helium internal purge shall be used.for gas tungsten-arc root pass welding of 2,25Cr-1Mo and
higher alloys|, except that nitrogen may be used for, austenitic stainless steels, unless otherwise specified by the
purchaser. The root pass in carbon steel and in alloy steels lower than 2,25Cr-1Mo may be welded with|or without
an internal pyirge.

16.3.4 Each weld shall be uniform in width\and size throughout its full length. Each weld shall be smooth and free
of slag, inclusions, cracks, porosity, lack of fusion and undercut, except to the extent permitted by the feferenced
codes. In addlition, the cover pass shall.be free of course ripples, irregular surfaces, nonuniform head pafterns, and
high crowns gnd deep ridges or valleys between heads.

16.3.5 Butt welds shall be slightly convex and uniform in height, as specified in the applicable codes. Limitations
on weld reinforcement shalbapply to the internal surface as well as the external surface.

16.3.6 Repair weldsishall be carried out in accordance with a repair procedure approved by the purchaser.
Repairs shall not damage the adjacent base material.

16.3.7 Preheattemperature, interpass temperature and post-weld heat treatment shall be in accordange with the
provisions of the applicable codes.

16.4 Painting and galvanizing

16.4.1 Heater steel shall be prepared in accordance with ISO 8501-1 and primed with one coat of inorganic zinc
primer to a minimum dry film thickness (DFT) of 75 um (0,003 in). Surfaces shall be painted in conditions in
accordance with manufacturer's recommendations on temperature and relative humidity.

16.4.2 Un-insulated flue-gas ducts and stacks shall be primed with an inorganic zinc primer. Surface preparation
and dry film thickness shall be in accordance with the paint manufacturer’s recommendation.
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16.4.3 If specified by the purchaser, platforms, handrails and toeboards, grating, stairways, fasteners, ladders and
attendant light structural supports shall be hot-dipped galvanized. Galvanizing shall conform to the applicable
sections of ASTM A 123, A 143, A 153, A 384 and A 385 or equivalent. Bolts joining galvanized sections shall be
galvanized in accordance with ASTM A 153 or zinc-coated in accordance with ASTM B 633 or equivalent.

16.5 Refractories and insulation

16.5.1 Materials shall be stored in original containers, if possible, and shall be protected from moisture and from
atmospheric and foreign contaminants. They shall be kept completely dry and at manufacturer's recommended
storage temperature until used. Bricks shall be free of cracks, chips, spalling or other defects.

16.5.2 PI'IIOI' to installation of refractory, all steel surfaces shall be cleaned to remove dirt, grease] paint, loose
scale or ofher foreign materials.

16.5.3 Wiater used to install refractories shall be of potable quality and the temperature shall be hetween 7 °C
(45 °F) angd 32 °C (90 °F), unless the refractory manufacturer specifies otherwise.

16.5.4 Al|l material shall be prepared and installed in accordance with the manufacturer’'s recommendations.
16.5.5 The mortar joints in firebrick construction shall be as thin as possible. In‘applying the mortar, the brick shall
be dipped| or troweled on two edges. Expansion joints shall be mortar-free~Brick should be placed against the

mating sufface and tapped gently to ensure uniform joints no more than 1,5/mm (1/16 in) wide.

16.5.6 Anchors with circular bases shall be welded all around. Other_anchors shall be welded to casing along both
sides.

16.5.7 Chain-link fence anchoring shall be pulled out and‘held in place after welding, and prior to castable
application, to ensure proper position in the castable layer.

16.5.8 The following shall apply to castables.

— The durfaces to which castable is applied shall be kept above 7 °C (45 °F) and below 38 °C (1D0 °F) during
installation and curing.

— For ppeumatic application, the lining'shall be applied in horizontal strips working upward from the bottom. It
shall proceed continuously to the required thickness in a given area. If the installation is interrupted, the lining
shall pe cut back immediately ‘to’ the casing surface. This cut shall be full depth at a 90° angle {o the casing
surfage.

— Reboyind materials shall-not be re-used in applying linings.
— Scoring of the castable surfaces shall be in accordance with the vendor’s specifications.

— Each Jayer ‘of-the castable shall be properly cured after installation. A resin-based membrane curifpg compound
shall pe-applied immediately after the initial set, with a curing period of at least 24 h. Shop-instdlled castable
shall not-he handled ar tested for 72 h after installation

16.6 Field erection

16.6.1 It shall be the responsibility of the erector to ensure that the heater is erected in accordance with the
specifications and drawings furnished by the vendor. The heater shall be erected in accordance with the applicable
clauses of this International Standard.

16.6.2 Castable-lined panels shall be handled to avoid excessive cracking or separation of the refractory from the
steel.
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16.6.3 Care shall be taken to avoid refractory damage due to weather. Standing water or saturation of the
refractory shall be prevented. Protection shall include cover to avoid rain impingement and shall allow drainage,
proper fit and tightening of doors and header boxes.

16.6.4 Sections where refractory edges are exposed shall be protected against cracking of edges and corners.

External blows to the steel casing shall be avoided.

16.6.5 Field

joints between panels shall be sealed in accordance with the heater vendor’s requirements.

16.6.6 Construction joints resulting from panel or modular construction shall have continuous refractory cover to
the full thickness of the adjacent refractory.

17 Inspedtion, examination and testing
17.1 General
17.1.1 The Jpurchaser, his designated representative, or both, reserve the right to inspect, after prior|notice, all

heater comp
assembly to

17.1.2 The

pnents and their assembled units at any time during the material proCurément, fabrication

vendor shall examine all individual heater components andd4heir shop-assembled units to ¢

materials angl workmanship are in accordance with applicable standards; specifications, codes and drawi

17.1.3 If sp
held before s

17.2 Weld

17.2.1 Radi
in accordanc]

17.2.2 The
shall be as fq

The roo

bcified by the purchaser, pre-inspection meetings between the purchaser and the fabricat
tart of fabrication.

pxamination

bgraphic, ultrasonic, visual, magnetic-particle or liquid-penetrant examination of welds in co
e with the pressure design code.

extent of examination of welds‘in coils, including return bends, fittings, manifolds and crosso
llows.

weld suffface preparation in accordance with the pressure design code. If the required examination

defect, f
All welds

10 % of]
identified

irther examination-shall be performed.
in Cr-Mo steels and austenitic stainless steels shall be 100 % radiographed.

all carbon steel welds by each welder shall be 100 % radiographed. If the required e
a-efect, further examination shall be performed. For each weld found to be defective, ra

shall be

and shop

ensure materials and workmanship are in accordance with applicable standards, specificatipns, codes
and drawings.

nsure that
hgs.

br shall be

Is shall be

ver piping,

passes of 10 % of all"austenitic welds for each welder shall be liquid-penetrant examined following

dentifies a

amination
diographs

made promptly on welds made by the same welder that produced the defective welds.

Acceptance criteria of welds shall be in accordance with the pressure design code.

All longitudinal seam welds on manifolds shall be 100 % radiographed. In addition, these welds shall be

examined by the liquid-penetrant method (for austenitic materials) or the magnetic-particle method (for ferritic
materials).

In cases where weld or material configuration makes radiographic examination difficult to interpret or

impossible to perform, such as nozzle (fillet) welds, ultrasonic examination may be substituted. If ultrasonic
examination is impractical, liquid-penetrant examination shall be performed (for austenitic materials) or
magnetic-particle examination shall be performed (for ferritic materials).

17.2.3 Post-

52

weld heat treatment shall be performed in accordance with the pressure design code.
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17.2.4 Proposed welding procedures, procedure qualification records and welding consumable specifications for
all pressure-retaining welds shall be in accordance with the pressure design code, and shall be submitted by
fabricator for review, comment or approval by the purchaser.

17.2.5 Welder qualifications and applicable manufacturer’s report forms shall be maintained. Examples include
certified material mill test reports, AWS or other classification and manufacturer of electrode or filler material,
welding specifications and procedures, positive materials identification documentation of alloy materials, and non-
destructive examination procedures and results. Unless otherwise specified by the purchaser, records of
examination procedures and examination personnel qualifications shall be retained for at least five years after the

record is generated for the project.

17.3 Cadtings examination
1731 M
manufacty
results.

17.3.2 Shield and convection section cast tube supports shall be examined as follows.

a)

b)

c)

17.3.3 Cast radiant tube supports, hangers and guides'shall be visually examined for surface imperf
MSS SP-5
to warrant
plan agres

17.3.4 Cast return bends and pressure.fittings shall be examined as follows.

a)

b)

c)

Tube
suppd

Intersgctions of all reinforcing ribs with the main member shall beseither 100 % liquid-penetrant

auste
criteri

Radio
proce

All cag
SP-54
agree
purch

All su
partic
press

rer. The purchaser shall specify if positive materials identification shall be performed to

supports shall be visually examined in accordance with MSS SP-55%and dimensionally ch
rts shall be adequately cleaned to facilitate examination of all surfaces.

hitic) or 100 % magnetic-particle examined (if ferritic). Fhe. examination procedures ang
A shall be in accordance with the pressure design code.

graphic examination of critical sections shall beXperformed if specified by the purcha
Hure and acceptance criteria shall be in accordance with the pressure design code.

5 as a reference for categories and degrees of severity. Defects shall be marked for removg
complete replacement of the casting-Dimensions shall be verified with checks based on
d by the purchaser.

t return bends and pressure fittings shall be visually examined for imperfections in accordar
, and measured to confifm dimensions in accordance with reference drawings and the s

pse order.
faces shalltbe suitably prepared for liquid penetrant examination (for austenitic materials

e examination (for ferritic materials). Examination and acceptance criteria shall be in accord
Lire design code.

bterial conformance shall be verified by review of chemical and physical test results.submitted by the

verify these

ecked. Tube

examined (if
acceptance

ser, and the

ections using
| or repair, or
the sampling

ce with MSS
ampling plan

d by the purchaser:ZExamination shall confirm proper and complete identification as spgcified in the

or magnetic
bnce with the

Cast

retdrn bends and pressure fittings shall be examined by radiography in accordance with

the pressure

design code. The sampling quantities and degree of coverage shall be as specified by the purchaser.

17.3.5 Machined weld bevels shall be examined by the liquid-penetrant method. Indications with any dimension
greater than 1,5 mm (1/16 in) shall not be permitted.

17.3.6 Repairs shall meet the following requirements.

Imperfections not meeting the acceptance criteria shall be removed and their removal verified by liquid-
penetrant examination. If the cavity formed by removing an imperfection reduces the thickness to below that
required for the design, the cavity shall be repaired by welding.
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accordance with the pressure design code.

All repairs shall be verified by liquid-penetrant examination, with the procedure and acceptance criteria in

Maijor repairs shall be verified by radiography in accordance with the pressure design code. A repair shall be

considered major if the depth of the cavity before repair exceeds 20 % of the section thickness or if the length
of the cavity exceeds 250 mm (10 in).

design code.

17.3.7 Bearing surfaces of all castings shall be free from sharp edges and burrs.

Weld repairs shall be made using welding procedures and welders qualified in accordance with the pressure

17.4 Examjnation of other components

17.4.1 Exan

17.4.2 Refractory linings shall be examined throughout for thickness variations during ,application and

after curing.
(1/8 in) or gr
be made by
three tieback
25 mm (1 in
repaired.

17.4.3 Finn
maximum di
provide a cr
sectional arg
17.4.4 Fins

17.4.5 For

nination of heater steelwork shall be in accordance with the structural design code:
Thickness variations are limited to a range of 6 mm (1/4 in) to 13 mm (1/2.in). Cracks which
pater in width and penetrate more than 50 % of the castable thickness¢shall be repaired. Re

anchors or to the sound metal, making a joint between sound refractory that is sloped of 2
to the base metal (dove-tail construction) and then gunning, ,casting or hand-packing the

scontinuity of the weld shall be 65 mm (2,5 in) in 2,5m (100 in) of weld. The attachment
Dss-sectional area of not less than 90 % of the eross-sectional area of the root of the
p is the product of the fin width and the peripheratlength.

and studs shall be examined to verify conformity with specified dimensions.

olled joint fittings, the fitting tube-hole~inner diameter, the tube outer diameter and the

for cracks
are 3 mm
pairs shall

Chipping out the unsound refractory to the backup layer interface or easing and exposing a mjinimum of

minimum
area to be

bd extended surface shall be examined to ensure finstare perpendicular to the tube within 15°. The

weld shall
in. Cross-

tube inner

diameter (before and after rolling) shall be measured and recorded in accordance with the fitting locatioh drawing.
These measyrements shall be supplied to the:purchaser.

17.4.6 Fabrjcated supports include both) plate-fabricated and multicast techniques. Fabricated convdgction tube
intermediate [supports shall have suppeort lug welds radiographed. Warping of the completed support sha|l be within
the limits permitted by the structural design code.

17.5 Testing

17.5.1 Pressure testing

17.5.1.1 Al assembled pressure parts shall be hydrostatically tested to a minimum pressure equal tq 1,5 times
the coil design-pressure, multiplied by the ratio of the allowable stress at 38 °C (100 °F) to the allowablge stress at
the design tube metai temperature. T he following test Tequirements also apply.

a) The maximum test pressure shall be limited to the extent that the weakest component shall not be stressed
beyond 90 % of the material’s yield strength at ambient temperature.

b) Hydrostatic test pressures shall be maintained for a minimum period of 1 h to test for leaks.

17.5.1.2

If hydrostatic testing of pressure parts is not considered practical by agreement between the purchaser

and the vendor, then pneumatic leak-testing shall be substituted, using air or a non-toxic non-flammable gas. The
pneumatic test pressure shall be 430 kPa (60 psi) gauge or 15 % of the maximum allowable design pressure,
whichever is less. The pneumatic test pressure shall be maintained for a length of time sufficient to examine for
leaks, but in no case for less than 15 min. A bubble surfactant shall be applied to weld seams to aid visual leak
detection.
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Water used for hydrostatic testing shall be potable. For austenitic materials, the chloride content of the

shall not exceed 50 mg/kg (50 ppm).

Unless the test fluid is the process fluid, the test fluid shall be removed from all heater

upon completion of hydrostatic testing.

17.5.2 Refractory testing

components

Installed castable linings shall undergo hammer tests to check for voids within the refractory material. For dual-
layer linings, the hammer tests shall be conducted on each layer, after curing. Linings shall be struck with a 450 g
(1 Ib) machinist’s ball peen hammer over the entire surface, using a grid pattern approximating the following:

a) forarg

b) for sid

17.5.3 Stydded tube testing

Each leng
adequacy

17.5.4 Possitive materials identification

17.5.41
metallic al
at a stage

17.5.4.2
shall be a
burner cor

17.5.4.3
If random
may altern

17.5.4.4

h areas, 600 mm (24 in) centres;

ewall and floor areas, 900 mm (36 in) centres.

of the stud-to-tube weld.

Positive materials identification (PMI) is the process of.verifying that the chemical com
after which it is no longer possible to mix up the materials).

PMI programme methods, degree of examination, PMI testing instruments, and tester
greed upon between the purchaser and the vendor prior to manufacturing. PMI shall not be
nponents, unless specified by the purchaser,

Unless superseded by the purchaser’s requirements, 10 % of all alloy components shall b
testing is carried out, PMI shall be_made on components from different heater numbers. T
atively choose to specify that a,PMI test be made on each component.

h of a studded tube assembly shall be randomly examined and inspected-by hammer testing to verify the

position of a

oy is within the specified limits. It is normally performed“en components after they have been installed (or

qualifications
required for

e PMI-tested.
ne purchaser

Tabulation of tested items-shall be included within all final data books, keyed to weld maps on as-built
drawings and mill certification doeunent stampings. Tested items shall be immediately marked.
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Annex A
(informative)

Equipment data sheets

This annex includes data sheets for the following equipment items:

a) Fired heater data sheets (12 sheets: 6 in Sl units, 6 in US Customary units).

b) Burner dpta sheets (6 sheets: 3 in Sl units, 3 in US Customary units).
c) Air prehgater data sheets (4 sheets: 2 in Sl units, 2 in US Customary units).
d) Fan data sheets (4 sheets: 2 in Sl units, 2 in US Customary units).

e) Sootblower data sheets (2 sheets: 1 in Sl units, 1 in US Customary units).

See clause § for instructions on using the equipment data sheets. Note that,the)purchaser should complete, as a

minimum, thgse items that are designated by an asterisk (*).
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Fired Heater Data Sheet Sl units
rev.: date: sheet 1 of 6

Purchaser/Owner: Item No.:
Service: Location:

1 unit: * number required: rev

2 manufacturer: Reference:

3 type of heater:

4 *total heater absorbed duty, MW:

5 Process Design Conditions

6 *operating case

7 hegtersection

8 *sefvice

9 hedt absorption, MW

10 | *flud

11 *floyrate, kg/s

12 | *floprate, m*%h

13 | *prgssure drop, allowable (clean/fouled), kPa

14 | pregsure drop, calculated (clean/fouled), kPa

15 | *av§). rad. sect. flux density, allow., W/m?

16 | avd rad. sect. flux density, calc., W/m®

17 | maj rad. sect. flux density, W/m?

18 | conp. sect. flux density (bare tube), W/m?

19 | *velocity limitation, m/s

20 | progess fluid mass velocity, kg/s-m?

21 *mgximum allow./calc.inside film temperature, °C

22 | *folling factor, m*K/W

23 | *coking allowance, mm

24 | Inlgt conditions:

25 *terhperature, °C

26 | *prgssure, kPa (ga)

27 | *liqyid flowrate, kg/s

28 | *vapour flowrate, kg/s

29 | *liqyid relative density (at 15 °C)

30 | *vapour relative molecular mass

31 | *vigcosity, (liquid/vapour), mPa-s

32 | *specific heat, (liquid/vapour), kJ/kg-Kj)

33 | *thdgrmal conductivity, (liquid/vapour), W/m-K

34 | Oytlet conditions:

35 | *temperature, °C

36 | *prgssure, kPa (ga)

37 | *liqyid flowrate, kg/s

38 | *vapour flowrate, kg/s

39 | * liquid relative‘density (at 15 °C)

40 | *vapour relative’'molecular mass

41 | *viscosity, ({liquid/vapour), mPa-s

42 *splacific heat, (liquid/vapour), kJ/kg-K)

43 | *thermal conductivity, (liquid/vapour), W/m-K

44 | Remarks and special requirements:

45 | *distillation data or feed composition:

46 | short-term operating conditions:

47

48 | Notes:

49

50
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Fired heater data sheet Sl units
rev: | date: | sheet2 of 6
Combustion Design Conditions
1 | operating case rev
2 | *type of fuel
3 | *excess air, percent
4 | calculated heat release (), MW
5 | fuel efficiency calculated, percent ()
6 | fuel efficiency guaranteed, percent (%)
7 | radiation loss, percent of heat release ()
8 | flue-gas femperatureteaving: radianrt-sestion—G
9 convection section, °C
10 air preheater, °C
11 [ flue-gas puantity, kg/s
12 | flue-gas mass flowrate through convection section, kg/s-m2
13 | draught at arch, Pa
14 at burners, Pa
15 | *ambien{ air temperature, efficiency calculation, °C
16 | *ambien{ air temperature, stack design, °C
17 | *altitude pbove sea level, m
18 | volumetr|c heat release, (h), W/m®
19 | *emissiop limits (dry): mg/m® (corrected to 3% O,) NO,: CO: SO,
20 kJ/kg (hy) (hy) UHC: particulates:
21 | Fuel characteristics:
22 | *gas typ4 *liquid type *other type
23 | *h kdim® | * iy kJikg | * A kJ/k%
J/m
24 | *hy kdim® | * hy KJ/kg | *hy kJ/k%
J/m
25 | *press. @ burner kPa (ga) | *press. @ burner, kPa (ga) | *press. @ burner, kP& (ga)
26 | *temp. @ burner °C | *temp. @ burner, °C | *temp. @ burner, °C
27 | *relative nolecular mass *viscosity @ °C mPa-s
28 *atomizing steam\temp. °C
29 *pressure, kPa (ga)
30 [ compongnt mole fraction % component mass fraction component mass fractlon
31
32
33
34 *yanadium (mg/kg)
35 *sodium (mg/kg)
36 *sulfur
37 *ash
38 | Burner data:
39 | manufacjurer: size/model No.: number:
40 | type: location: orientation:
41 | heat relepse per burhen, 'MW design: normal: minimum:
42 | pressure|drop acress burner @ design heat release, Pa:
43 | distance|burner'centreline to tube centreline, horizontal, mm: vertical, mm:
44 | distance|burner centreline to unshielded refractory, horizontal, mm: vertical, mm:
45 | pilot, typég: capacity, MW: fuel:
46 | ignition method:
47 | flame detection, type: number:
48 | Notes:
49
50
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Fired heater data sheet Sl units
rev: [ date: | sheet3 of 6
Mechanical Design Conditions
1 | *plot limitations: *stack limitations: rev
2 | *tube limitations: *noise limitations:
3 | *structural design data: wind velocity: *wind occurrence:
4 snow load: *seismic zone:
5 | *minimum/normal/maximum ambient air temperature, °C: *relative humidity, %
6 | heater section:
7 | service:
8

Coil[design:

9 | *design basis: tube wall thickness (code or spec.)

10 | ruptutle strength (minimum or average)

11 | *stresk-to-rupture basis, HR

12 *desigin pressure, elastic/rupture, kPa

13 | *design fluid temperature, °C

14 | *tempgerature allowance, °C

15 | corrogion allowance, tubes/fittings, mm

16 | hydroptatic test pressure, kPa

17 | *postjweld heat treatment (yes or no)

18 | *percént of welds fully radiographed
19 | maxipum (clean) tube metal temperature, °C

20 | desigp tube metal temperature, °C
21 | insidd film coefficient, W/m®K
22 | Coillarrangement:

23 | tube grientation: vertical or horizontal
24 | *tube|material (specification and grade)

25 | tube qutside diameter, mm
26 | tube Wall thickness, (minimum) (average), mm

27 | numbkr of flow passes
28 | numbgr of tubes

29 | numbgr of tubes per row (convection section)
30 | overall tube length, m

31 | effect|ve tube length, m
32 | bare fubes: number

33 total exposed surface, m®
34 | extenfled surface tubes: number
35 total exposed surface, m”

36 | tube lpyout (in line or staggered)

37 | tube gpacing, cent. to cent.: horiz. x diag. (or vert.)
38 | spacipg tube cent. to furnace wall (min.), mm
39 | corbels (yes or no)

40 | corbe] width, mm

41 | Des¢ription of extended surface:
42 | type: [studs) (serrated.fins) (solid fins)

43 | matenal

44 dimedsions (height’x diameter/thickness), mm
45 | spacifig (finsim) (studs/plane)

46 | maximum tip temperature, (calculated), °C

47 | extenpion.ratio (total area/bare area)

48 | Plug type headers:

49 | *type

50 | material (specification and grade)

51 | nominal rating

52 | *location (one or both ends)

53 | welded or rolled joint

54 | Notes:
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Fired heater data sheet Sl units
rev: | date: | sheet 4 of 6
Mechanical Design Conditions (continued)
heater section: rev
service:
Return bends:
type

material (specification and grade)
nominal rating or schedule
*location (f. b. = fire box, h. b. = header box)

Terminals and/or manifolds:
9 | *type (bgv. = bevelled, manif. = manifold, flg. = flanged)
10 | inlet: mdterial (specification and grade)

[N~ W N~

11 gize/schedule or thickness

12 rljumber of terminals

13 flange material (ASTM specification and grade)
14 flange size and rating

15 | outlet: material (specification and grade)

16 dize/schedule or thickness

17 rlJumber of terminals

18 flange material (specification and grade)
19 flange size and rating

20 | *manifold to tube connection (welded, extruded, etc.)
21 | manifold]location (inside or outside header box)

Crossogvers:

23 | *welded pr flanged

24 | *pipe material (specification and grade)
25 | pipe sizgfschedule or thickness

26 | *flange npaterial

27 | flange sige/rating

28 | *location|(internal/external)

29 | fluid temperature, °C

Tube supports:

31 | location {ends, top, bottom)

32 | material [specification and grade)
33 | design metal temperature, °C

34 | thicknes$, mm

35 | type and|thickness of insulation, mm
36 | anchor (fnaterial and type)

Intermpdiate tube supports:
38 | material [specification and grade)

39 | design metal temperature, °G

40 | thicknesg, mm

41 | spacing,|m
Tube duides:
43 | location:

44 | material:
45 | type/spaging:

46 | Header boxes:

47 | location: hinged door/bolted panel:
48 | casing material: thickness, mm:

49 | lining material: thickness, mm:

50 | anchor (material and type):

51 | Notes:

52

53

54
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Fired heater data sheet Sl units
rev: date: sheet 5 of 6
Mechanical Design Conditions (continued)
1 | Refractory design basis: rev
2 | ambient temperature, °C: wind velocity, m/s casing temperature, °C:
3 | Exposed vertical walls:
4 | lining thickness, mm: hot-face temperature, design/calculated, °C:
5 | wall construction:
6
7 | anchor (material & type):
8 casind material: thickness, mm: temperature, °C:
9 | Shielded vertical walls:
10 [ lining thickness, mm: hot-face temperature, design/calculated, °C:
11 | wall cgnstruction:
12
13 | anchof (material & type):
14 | casind material: thickness, mm: temperature, °C:
15 | Arch:
16 | lining fhickness, mm: hot-face temperature, design/calculated; sC:
17 | wall cgnstruction:
18
19 | anchof (material & type):
20 | casing material: thickness, mm: temperature, °C:
21| Floof:
22 | lining thickness, mm: hot-face temperature, design/calculated, °C:
23 | floor cpnstruction:
24
25 | casind material: thickness, mm: temperature, °C:
26 | minimpm floor elevation, m: free space-below plenum, m:
27 | Conyection section:
28 | lining tfhickness, mm: hot-face temperature, design/calculated, °C:
29 | wall cgnstruction:
30
31 | anchof (material & type):
32 | casing material: thickness, mm: temperature, °C:
33 | Interpal wall:
34 | type: material:
35 | dimenpion, height/width:
36 Ducts: Flue gas Combustion ai
37 | locatign: breeching
38 | size, rh or net free area, m*:
39 | casing material:
40 | casind thickness, mm:
41 | lining: Internal/external
42 Thickness, mm
43 Material
44 | anchof (material & type)
45 | casingd témperature, °C.
46 | Plentmrchamber(air):
47 | casing material: thickness, mm: size, mm:
48 | lining material: thickness, mm:
49 | anchor (material & type):
50 | Notes:
51
52
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Fired heater data sheet Sl units
rev: [ date: | sheet 6 of 6
Mechanical Design Conditions (continued)
1 | Stack or stack stub:
2 | number: self-supported or guyed location:
3 | casing material: *corrosion allow., mm: minimum thickness, mm:
4 | inside metal diameter, m: height above grade, m: stack length, m:
5 | lining material: thickness, mm:
6 | anchor (material and type)
7 | extent of lining: internal or external:
8 | design flue-gas velocity, m/s flue-gas temp., °C:
9 | Dampdrs:
10 | location
11 | type (corjtrol, tight shut-off, etc.)
12 | material:)blade
13 | material:[shaft
14 | multiple/gingle leaf
15 | provisior| for operation (man. or auto.)
16 | type of operator (cable or pneumatic)
17 | Miscellaneous:
18 | platformg: location number width length/arc stairs/ladder access fr¢m
19
20
21
22
23
24 | type of flporing:
25 | doors: number location size bolted/hinged
26 | access
27
28 | observatfon
29
30 | tube rempval
31
32 | instrumept connections: number size type
33 | flue-gas/pFombustion-air temperature
34 | flue-gas/Fombustion-air pressure
35 | flue-gas pample
36 | snuffing $team/purge
37 | O, analygser
38 | CO or NO, analyser
39 | vents/drdins
40 | process {luid temperature
41 | tube skinl thermocouples
42
43
44 | painting fequirements:
45 | internal doating;
46 | galvaniziphg requifements:
47 | are painters trolley and rail included:
48 | special equipment: scotblowers:
49 air preheater:
50 fan(s):
51 other:
52 | Notes:
53
54
55
56
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Burner data sheet Sl units
rev: | date: | sheet 1 of 3
Purchaser/owner: Item No.:
Service: Location:
1 | General data: rev
2 | type of heater
3 | altitude above sea level, m
4 air supply:
5 ambient/preheated air/gas turbine exhaust
6 temperature, °C (min./max./design)
7 re|a V7= hllmiriify. 9,
8 drayght type: forced/natural/induced
9 draught available, Pa: across burner
10 drauaht available, Pa: across plenum
11 | requifed turndown
12 | burngr wall lining thickness, mm
13 | heatdr casing thickness, mm
14 | firebdx height, m
15 | tube gircle diameter, m
16 | Burper data:
17 | manyfacturer
18 | type ¢f burner
19 | modql/size
20 | direcfjon of firing
21 | locatipn (roof/floor/sidewall)
22 | number required
23 | minimum distance burner centreline, mm
24 to tybe centreline (horizontal/vertical)
25 to agljacent burner centreline (horizontal/vertical)
26 to upshielded refractory (horizontal/vertical)
27 | burndr circle diameter, m
28 | pilots
29 number required
30 typd
31 ignifjon method
32 fuel
33 fuel jpressure, kPa
34 capacity, MW
35 | Operating data:
36 | fuel |
37 | heat felease per burner, MW ()
38 design
39 norrpal
40 minimum
41 | excegs air @ design heat-release, (%)
42 | air tenperature, °C
43 | draught loss, Pa
44 design
45 norrﬁal
46 |  minimam
47 | fuel plmec..m roquired—kPa
48 | flame length @ design heat release, m
49 | flame shape (round, flat, etc.)
50 | atomizing medium/oil ratio, kg/kg
51 | Notes:
52
53
54
55
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Burner data sheet Sl units
rev: | date: | sheet2 of 3
Gas Fuel Characteristics
1 | fuel type rev
2 | massic heat value (%), kJ/m®
3 | relative density (air = 1,0)
4 | relative molecular mass
5 | fuel temperature @ burner, °C
6 | fuel pressure: available @ burner, kPa (ga)
7 | fuel gas composition (mole fraction, %)
8
9
10
11
12
13
14
15
16
17
18
19
20 total
21 Liquid Fuel Characteristics
22 | fuel type
23 | massic heat value (h), kdJ/kg
24 | relative density (at 15 °C)
25 | h/c ratio [by mass)
26 | viscosityl @ °C, mPas
27 | viscosity] @ °C, mPas
28 | vanadium, mg/kg
29 | potassiui, mg/kg
30 | sodium, ng/kg
31 | nickel, mg/kg
32 | fixed nitrpgen, mg/kg
33 | sulfur, mpss fraction (%)
34 | ash, mags fraction (%)
35 | water, mpss fraction (%)
36 | distillatioh: ASTM initial boiling"point, °C
37 ASTM mid-point;°C
38 ASTM end-point,~°C
39 | fuel temperature @ burner, °C
40 | fuel prespure available @ burnerykPa
41 [ atomizing medium: aif/steam/mechanical
42 temperature, °C
43 pressure, kPa
44 | Notes:
45
46
47
48
49
50
51
52
53
54
55
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Burner data sheet Sl units
rev: | date: | sheet 3 of 3
Miscellaneous
1 burner plenum: common/integral rev
2 material
3 plate thickness, mm
4 internal insulation
5 inlet air control: damper or registers
6 mode of operation
7 leakage, %
8 burner tile: composition
9 minimum Service termperature, C
10 | noisq specification
11 | attenpation method
12 | paint|ng requirements
13 | ignitipn port: size/No.
14 | sight|port: size/No.
15 | flamg detection: type
16 number
17 | scanper connection: size/No.
18 | safety interlock system for atomizing medium and oil
19 | performance test required (yes or no)
20 | Emission limits:
21 | firebgx bridgewall temperature, °C.
22 | NO, *ml/m® (d) or kg/kd (i) (hy)
23 | CO *ml/m® (d) or kg/kd (i) (hy)
24 | UHC *ml/m°® (d) or kg/kd (i) (hy)
25 | partigulates *ml/m® (d) or kg/kd (i) (hy)
26 | SO, *ml/m® (d) or kg/kd (i) (hy)
27
28 | *corrgcted to 3% O (dry basis @ design heat release)
29
30 [ NOTE 1 At design conditions, minimum of 90% of the-available draught with air register fully open shall be utilized across
the Qurner. In addition, a minimum of 75% of the air'side pressure drop with air registers fully open shall be utilized| across
burnégr throat.
31
32
33 | NOTE 2 Vendor to guarantee burrier flame length.
34 | NOTE 3 Vendor to guarantee-excess air, heat release and draught loss across burner.
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
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Air preheater data sheet Sl units
rev: [ date: | sheet 1 of 2
Purchaser/owner: Item No.:
Service: Location:
1 manufacturer: rev
2 | model:
3 | number required:
4 | heating surface, m’
5 | mass, kg
6 | approximate dimensions: (4 x w x /) m
7 Performance-data
8 | operating case
9
10 | air side: flowrate entering, kg/s
1 inlet temperature, °C
12 outlet temperature, °C
13 pressure drop: allowable, mbar
14 pressure drop: calculated, mbar
15 heat absorbed, MW
16 | flue-gas|side: flowrate, kg/s
17 inlet temperature, °C
18 outlet temperature, °C
19 pressure drop: allowable, mbar
20 pressure drop: calculated, mbar
21 heat exchanged, MW
22 | air bypass rate, kg/s
23 | total air flowrate to burners, kg/s
24 | mix air tmperature, °C
25 | flue-gas|composition, mole fraction, % (O2/N2/H20/CO./SOy)
26 | flue-gas|specific heat, kJ/kg-K
27 | flue-gaslacid dew point temperature, °C
28 | minimunp metal temperature: allowable, °C
29 | minimunp metal temperature: calculated, °C
30 | Miscellaneous:
31 | minimunh ambient air temperature, °C
32 | site elevption above sea level, m
33 | relative humidity, %
34 | externallcold air bypass (yes/no)

35 | cold-end thermocouples (yes/no) number required
36 | access doors: number/size/location

37 | insulatiop (internal/external):

38 | cleaningl medium: steam-or water

39 pressure, kPa

40 temperature, °C

41

42 | Mechgnical design:

43 | design flue-gas temperature, °C.

44 | design pgressure-differential, mbar
45 | seismic factor

46 | painting|regUirements

47 | leak tes

structural wind load, kg/m*

air leakage (guaranteed maximum), %

Notes: (all data on per unit basis)
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Air preheater data sheet Sl units
rev: | date: | sheet2 of 2
Construction Data
1 | castiron: rev
2 number of passes
3 number of tubes per block
4 number of blocks
5 type of surface
6 tube material
7 tube of thickness, mm
8 glass block (yes/no)
9 [ number of glass tubes
10 aif crossover duct: number
11 bolted/welded
12 supplied with clips
13 water wash: yes/no
14 type (off-line or on-line)
15 location
16
17 [ 1l plpte type:
18 number of passes
19 number of plates per block
20 number of blocks
21 plate thickness, mm
22 width of air channel, mm
23 width of flue-gas channel, mm
24 air-side rib pitch, mm
25 flue-gas-side rib pitch, mm
26 mpterial: plate
27 rib
28 frame
29 aif crossover duct: number
30 bolted/welded
31 supplied with clips
32 water wash: yes/no
33 type (off-line or on-ling)
34 location
35
36 | Il heat pipe:
37 number of tubes
38 tubes OD/wall thickness, mm
39 tube material
40 tubes per row
41 number of rows
42 tube pitch (squareftriangular), mm
43 air side gas side
44 fins: type
45 height x.thickness x No. /m
46 material
47 effective length, m
48 heating surface, m”
49 |_maximum allowable soak temperature, °C
50 sootblower: yes/no
51 type
52 location
53 | Notes:
54
55
56
57
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Fan data sheet Sl units
rev: [ date: | sheet 1 of 2

Purchaser/owner: Item No.:

Service: Location:

1 [fan manufacturer: model/size: Arrangement: rev
2 |service: number required:
3 |drive system: fan rotation from driven end [ew | Jcow
4 | gas handled: molecular mass:
5 |site elevation, m: fan location:
6 Operating conditions:
7 | operating cqnditiontease: design testbloek other-eonditions
8 mass flowfate capacity, kg/s
9 volume fldwrate capacity, m’/s

10| air density, kg/m®

11| temperature, °C

12| relative hymidity, %

13| static pregsure @ inlet, mbar

14| static pregsure @ outlet, mbar

15 | performanceg:

16| kW @ tenjperature (all losses included)

17| fan speed| r/min

18| static pregsure rise across fan, mbar

19 inlet damger/vane position
20| discharge|damper position
21| fan static ¢fficiency, %
22| steam ratg, kg/kW-h (turbine only)
23 [fan control: drive:
24| air supply make type
25| fan contro], furnished by rated KW r/min
26| method: inlet damper outlet damper electrigal area classification:
27 inlet guide vanes variable speed class group division
28| starting mgthod power volts Ph [z
29 Construction features:
30| housing: bearings:
31| material thickness, mm | [hydrodynamic | [anti-friction
32| split for wheel removal yes no type
33| drains, number/size lubrication
34| access doors, number/size mass flowrate coolant required m°/s water @ °C.
35| blades: thermostatically cont. heaters yes no
36| type temperature detectors yes no
37| number thickp€ss; mm vibration detectors yes no
38| material
39 [ hub: speed detectors:
40 | |shrink it | [keyed non-contact probe
41 material speed switch
42 | shaft: other
43| material couplings:
44 [ diameter @ brgs., mm type
45 | shaft sleevep: make model
46| material service factor
47 | shaft seals: mount coupling halves
48| type: fan
49 driver
50 | centrifugal force or’, kg-m? spacer yes | | number length, mm
51| Notes: (all data on per unit basis):
52
53
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Fan data sheet Sl units
rev: | date: | sheet2 of 2
Construction features (continued)
1 | miscellaneous: rev
2 common baseplate (fan driver) silencer (inlet) (outlet) inlet (screen) (filter)
3 bearing pedestals/soleplates evase housing drain connection
4 performance curves vibration isolation spark-resistant coupling guard
5 sectional drawing type insulation clips
6 outline drawing special coatings inspection access
7 inlet boxes control panel heat shields
8 | noise attenuation: masses, kg
9 | maximuin allowable sound pressure level dBAAY@ m fan driver base
10 | predictefl sound pressure level dBA)@ m sound trunk
11 | attenuatjon method evase
12 | furnishegl by total shipping mass
13 | painting connections:
14 mgnufacturer's standard size rating orieftation
15 inlet
16 | shipment: outlet
17| | Jdonestic [ Texport | Texport boxing required drains
18
19 | erection
20 asgembled tests:
21 paftly assembled mechanical run-in (no load)
22 oufdoor storage over 6 months witnessed performance
23 | applicabje specifications: rotor balance
24 shop inspection
25 assembly and fit-up check
26
27
28 | Notes:
29| | [itefns marked to be included in vendor scope of supply.
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
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Sootblower data sheet

Sl units

rev: [ date:

| sheet 1 of 1

Purchaser/owner:

Item No.:

Service:

Location:

Operating data:

rev

fuel oil type/relative molecular mass

sulfur, mass fraction, %

vanadium, mg/kg

nickel, mg/kg

ash, mass fraction, %

lane locatiop

flue-gas temperature @ blower, maximum °C

flue-gas prgssure @ blower, maximum °C

blowing mefium

Utility dqta:

alalalalalal aflalolol~Nlolalslwin] =

EEEEEEEE

18

steam kPa @

°C

air kPa

m%s (N) per blower

power volts

phase

kg/s per blower

Hz

Layout data:

tube outsidg¢ diameter, mm

tube length] m

tube spacing, (stag./in line), mm

bank width,|m

no. of intermediate tube sheets

lane dimengion (minimum clearance), mm

maximum deaning radius, m

extended s{irface type

number of gxtended surface rows

lining thickress, mm

Blower data:

manufacturgr

type

model

number reguired

number of Ipnes (rows)

number perlane

arrangemeipt

operation |

control required

control pangl location (local or'remote)

driver type {man., pneumaticr-electrical motor)

electrical argea classificatioh

motor startgrs classification

motor: kW

enclosure

rlpin

lance travelspeed

head: material & rating

wall box isolation

Notes:
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ISO 13705:2001(E)

Fired heater data sheet

US Customary units

rev: | date: | sheet 1 0f 6
Purchaser/owner: Item No.:
Service: Location:
1 unit: * number required: rev
2 manufacturer: reference:
3 type of heater:
4 *total heater absorbed duty, Btu/h:
5 Process design conditions
6 *operating case
7 heater-seetion
8 *seryice
9 heaf absorption, Btu/h
10 [ *fluidl
11 *flojrate, Ib/h
12 *floyrate, b.p.d.
13 | *prepsure drop, allowable (clean/fouled), psi
14 | presgsure drop, calculated (clean/fouled), psi
15 | *avd. rad. sect. flux density, allow., Btu/h - ft”
16 avg]rad. sect. flux density, calc., Btu/h - ft*
17 | maXrad. sect. flux density, Btu/h - ft*
18 | cony. sect. flux density (bare tube), Btu/h - ft*
19 | *velgcity limitation, ft/s
20 | prodess fluid mass velocity, Ib/s - ft*
21 *makimum allow./calc.inside film temperature, °F
22 | *fouling factor, h - ft* - °F/Btu
23 [ *coMing allowance, in
24 | Inlgt conditions:
25 | *tenjperature, °F.
26 | *prepsure, (psia) (psig)
27 | *ligud flow, Ib/h
28 | *vagour flow, Ib/h
29 [ *liguid gravity, (deg API) (sp. gr. @ 60 °F)
30 | *vagour molecular mass
31 [ *visgosity, (liquid/vapour), cP
32 | *spdcific heat, (liquid/vapour), Btu/lb-°F
33 [ *thefmal conductivity, (liquid/vapour), Btu/h-ft-°F
34 | Outlet conditions:
35 | *tenjperature, °F.
36 [ *prepsure, (psia) (psig)
37 | *liqud flow, Ib/h
38 | *vagour flow, Ib/h
39 [ “liguid gravity, (deg API) (sp~gr. @ 60 °F)
40 | *vapour relative moleculanmass
41 *visgosity, (liquid/vapour); cP
42 | *spdcific heat, (liquid/ivapour), Btu/lb - °F
43 | *thefmal condugtivity, (liquid/vapour), Btu/h - ft -°F
44 | Remarks.and special requirements:
45 | *disf{ilation data or feed composition:
46 | shoift term operating conditions:
47 '
48 | NOTES:
49
50
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Fired heater data sheet

US Customary units

rev: [ date: | sheet2 of 6
Combustion design conditions
1 operating case rev
2 *type of fuel
3 *excess air, percent
4 calculated heat release (4, ), Btu/h
5 fuel efficiency calculated, % (4,)
6 fuel efficiency guaranteed, % (A )
7 radiation loss, % of heat release (/)
8 flue-gag-termperatureteaving: radiani-section—~
9 convection section, °F
10 air preheater, °F
11 flue-ga$ quantity, Ib/h
12 | flue-ga$ mass vel. through convection section, Ib/s - ft*
13 | draugh at arch, in H,O
14 at burners, in H,O
15 | *ambiept air temperature, efficiency calculation, °F
16 *ambieft air temperature, stack design, °F
17 | *altitudg above sea level, ft
18 volumetric heat release, (), Btu/h - ft’
19 | *emissipn limits: ppmv (d) (corrected to 3% Oy) NO,: CO: SO,
20 Ib/Btu . (A) (hy) UHE! particulates:
21 | Fuel ¢haracteristics:
22 | *gas type *liquid type *other type
23 | *h Btu/(Ib) (scf) | *h_ Btudb | *i Btu/(scf) (Ib)
24 | *hy Btu/(Ib) (scf) | * hy Btu/lb | * Ay Btu/(scf) (Ib)
25 | *press.|@ burner, psig | *press. @ burner, psi | *press. @ burner, psi
26 | *temp. [@ burner, °F | *temp. @ burner, °F | *temp. @ burner, °F
27 | *molectlar weight *viscosity @ °F cSt
28 *atomizing steam temp, °F
29 *pressure, psi
30 | comporent mole % component mass fraction component %
31
32
33
34 *vanadium (ppm)
35 *sedium (ppm)
36 *sulfur
37 *ash
38 | Burnér data:
39 | manufgcturer: size/model No: number:
40 | type: location: orientation:
41 heat release per burnery Btu’h design: normal: minimum:
42 | pressule drop across burner @ design heat release, in H,O:
43 distancg burner centreline to tube centreline, horizontal, in: vertical, in:
44 | distanc burner‘éentreline to unshielded refractory, horizontal, in: vertical, in:
45 | pilot, type: capacity, (Btu/h): fuel:
46 | ignition|méthod:
47 flame detection type. number:
48 | Notes:
49
50
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Fired heater data sheet US Customary units
rev: | date: | sheet 3 of 6
Mechanical design conditions
1 *plot limitations: *stack limitations: rev
2 *tube limitations: *noise limitations:
3 *structural design data: wind velocity: *wind occurrence:
4 snow load: *seismic zone:
5 *minimum/normal/maximum ambient air temperature, °F: *relative humidity, %
6 heater section:
7 service:
8 | Cojrdesign:
9 *dedign basis: tube wall thickness (code or spec.)
10 | ruptfire strength (minimum or average)
11 *strgss-to-rupture basis, h
12 | *dedign pressure, elastic/rupture, psi
13 | *deqign fluid temperature, °F
14 | *ten|perature allowance, °F
15 corrpsion allowance, tubes/fittings, in
16 | hydrostatic test pressure, psi
17 | *pogt-weld heat treatment (yes or no)
18 | *pertent of welds fully radiographed
19 [ maxmum (clean) tube metal temperature, °F
20 | desipn tube metal temperature, °F
21 inside film coefficient, Btu/h ft*-°F
22 | Coll arrangement:
23 | tubg orientation: vertical or horizontal
24 | *tubg material (specification and grade)
25 [ tubdoutside diameter, in
26 | tubgwall thickness, (minimum) (average), in
27 | number of flow passes
28 | number of tubes
29 [ numper of tubes per row (convection section)
30 overall tube length, ft
31 effegtive tube length, ft
32 [ barg tubes: number
33 total exposed surface, ft”
34 [ extehded surface tubes: number
35 total exposed surfade\ft’
36 [ tubdlayout (in line or staggered)
37 | tubd spacing, cent. to cent.: horiz. x\diag. (or vert.)
38 [ spaging tube cent. to furnace wall (min.), in
39 [ corbels (yes or no)
40 | corbel width, in
41 | Description of extended surface:
42 | typef (studs) (serrated.fins) (solid fins)
43 | matgrial
44 | dimgnsions (height x diameter/thickness), in
45 | spaging (fins/in) (studs/plane)
46 | maymumiip temperature, (calculated), °F
47 | extehsion ratio (total area/bare area)
48 | Plug type headers:
49 | *type
50 [ material (specification and grade)
51 nominal rating
52 [ *location (one or both ends)
53 | welded or rolled joint
54 | Notes:
55
56
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Fired heater data sheet

US Customary units

rev: | date: | sheet 4 of 6
Mechanical design conditions (continued)
1 heater section: rev
2 service:
3 | Return bends:
4 type
5 material (specification and grade)
6 nominal rating or schedule
7 *location (f. b. = fire box, h. b. = header box)
8 | Termipals-and/ormanifolds:
9 *type (bev. = bevelled, manif. = manifold, flg. = flanged)
10 [ inlet: material (specification and grade)
11 size/schedule or thickness
12 number of terminals
13 flange material (specification and grade)
14 flange size and rating
15 [ outlet: rhaterial (specification and grade)
16 size/schedule or thickness
17 number of terminals
18 flange material (specification and grade)
19 flange size and rating
20 [ *manifod to tube connection (welded, extruded, etc.)
21 manifoldl location (inside or outside header box)
22 | Crosgovers:
23 | *welded or flanged
24 | *pipe mpterial (specification and grade)
25 | pipe size/schedule or thickness
26 | *flange material
27 | flange dize/rating
28 | *locatiop (internal/external)
29 | fluid temperature, °F.
30 | Tube supports:
31 location (ends, top, bottom)
32 | materia| (specification and grade)
33 | design metal temperature, °F
34 | thicknegs, in
35 | type anfl thickness of insulation, in
36 | anchor [material and type)
37 | Internmpediate tube supports:
38 | materia| (specification and grade)
39 | design etal temperature, °F
40 [ thicknegs, in
41 spacing, ft
42 Tubegbuides:
43 | location:
44 | materia|:
45 | type/spacing:
46 | Head¢rboxes:
47 Iocatiorjl. it |ycd toor/botted Pat ret:
48 casing material: thickness, in:
49 [ lining material: thickness, in:
50 | anchor (material and type):
51 | NOTES:
52
53
54
74 © 1SO 2001 — Al rights reserved



https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

Fired heater data sheet

US Customary units

rev: | date: | sheet50f6
Mechanical design conditions (continued)
1| Refractory design basis: rev
2 ambient temperature, °F: wind velocity, mph/fps: casing temperature, °F:
3 | Exposed vertical walls:
4 lining thickness, in: hot-face temperature, design/calculated, °F:
5 wall construction:
6
7 anchor (material & type):
8 Casirr\g material: fhihl(nnce, Tall h:\mpnrnfurn, °E-
9 | Shiglded vertical walls:
10 | lining thickness, in: hot-face temperature, design/calculated, °F.:
11 | wall fonstruction:
12
13 | anchor (material & type):
14 | casinjg material: thickness, in: temperature; °F:
15 | Arch:
16 | lining thickness, in: hot-face temperature, design/calculated, SF:
17 | wall fonstruction:
18
19 | anchor (material and type):
20 | casipg material: thickness, in: temperature, °F:
21 | Flogr:
22 | lining thickness, in: hot-face temperature, ‘design/calculated, °F:
23 [ floor|construction:
24
25 | casipg material: thickness, in: temperature, °F:
26 [ minighum floor elevation, ft: free space below plenum, ft:
27 | Conjvection section:
28 | lining thickness, in: hot-face temperature, design/calculated, °F:
29 | wall fonstruction:
30
31 | ancHor (material and type):
32 | casinpg material: thickness, in: temperature, °F:
33 | Intgrnal wall:
34 | type material:
35 [ dimgnsion, height/width:
36 Ducts: Flue gas: Combustion air;
37 [ locatjon: breeching
38 | size]ft or net free area, ft’:
39 | casinpg material:
40 | casing thickness, in:
41 lining: internal/external
42 thickness, in
43 material
44 | ancHor (material and type)
45 | casing temperature, °F
46 | Plepum chamber (air):
47 | casing material: thickness, in: size, ft:
48 | lining material: thickness, in:
49 | anchor (material & type):
50 [ Notes:
51
52
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Fired heater data sheet

US Customary units

rev: | date: | sheet 6 of 6
Mechanical design conditions (continued)
1 | Stack or stack stub:
2 number: self-supported or guyed location:
3 casing material: *corrosion allow., in: minimum thickness, in:
4 inside metal diameter, ft: height above grade, ft: stack length, ft:
5 lining material: thickness, in:
6 anchor (material and type)
7 extent of lining: internal or external:
8 design flue-gas velocity, ft/s: flue-gas temp., °F:
9 | Dampkrs:
10 | location
11 | type (cgntrol, tight shut-off, etc.)
12 | material: blade
13 | material; shaft
14 | multiple]single leaf
15 | provisiop for operation (man. or auto.)
16 | type of pperator (cable or pneumatic)
17 | Miscellaneous:
18 | platforn]s: location number width length/arc stairs/ladder access frgm
19
20
21
22
23
24 | type of flooring:
25 | doors: number location size bolted/hinged
26 | access
27
28 | observation
29
30 | tube removal
31
32 | instrumént connections: number size type
33 | flue-gag/combustion air temperature
34 [ flue-gag/combustion air pressure
35 | flue-gag sample
36 | snuffing steam/purge
37 [ Oy analyser
38 | CO or NO, analyser
39 | vents/diains
40 | process|fluid temperature
41 | tube skih thermocouples
42
43
44 | paintinglrequirements;
45 | internal|coating:
46 | galvanijing réqudirements:
47 | are pairters-{rolley and rail included:
48 | special bguipment: scotblowers:
49 air preheater:
50 fan(s):
51 other:
52 | Notes:
53
54
55
56
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Burner data sheet

US Customary units

rev: [ date: | sheet 1 of 3

Purchaser/owner: Item No.:
Service: Location:

1 | General data: rev

2 type of heater

3 altitude above sea level, ft

4 air supply:

5 ambient/preheated air/gas turbine exhaust

6 temperature, °F (min./max./design)

7 relative- hnmirliiy. 9,

8 drgught type: forced/natural/induced

9 dradght available: across burner, in H,O

10 | drayght available: across plenum, in H,0O

11 | reqyired turndown

12 burrier wall lining thickness, in

13 | heafer casing thickness, in

14 | firebox height, ft

15 | tubgcircle diameter, ft

16 | Burner data:

17 | manufacturer

18 | type]of burner

19 | modellsize

20 [ diregtion of firing

21 locaion (roof/floor/sidewall)

22 | number required

23 | minimum distance burner centreline, ft:

24 to {ube centreline (horizontal/vertical)

25 to @djacent burner centreline (horizontal/vertical)
26 to yinshielded refractory (horizontal/vertical)
27 | burrfer circle diameter, ft

28 | pilotp:

29 nufnber required

30 type

31 ignjtion method

32 fudl

33 fugl pressure, psi.

34 capacity, Btu/h

35 | Opgrating data:

36 | fuel

37 | heafrelease per burner, Btu/h (#)

38 desgign

39 nofmal

40 mifimum

41 excqgss air @ design‘heat release, (%)

42 air tgmperature, °F\

43 | drayght (air pressure) loss, in H,O

44 design

45 nojmal

46 mifimum

47 fuel broceu Ho-Feguired—psig

48 | flame length @ design heat release, ft

49 | flame shape (round, flat, etc.)

50 [ atomizing medium/oil ratio, Ib/Ib

51 Notes:

52

53

54

55
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Burner data sheet

US Customary units

rev: | date: | sheet2 of 3
Gas fuel characteristics
1 fuel type rev
2 heating value (%), (Btu/scf) (Btu/lb)
3 relative molecular mass (air = 1,0)
4 molecular mass
5 fuel temperature @ burner, °F.
6 fuel pressure: available @ burner, psi.
7 fuel gas composition (mole %)
8
9
10
11
12
13
14
15
16
17
18
19
20 total
21 Liquid fuel characteristics
22 | fuel type
23 | heating alue (), Btu/lb.
24 | specific gravity/°API
25 | hic ratio| (by mass)
26 | viscosity, @ °F, cSt
27 | viscosity, @ °F, cSt
28 | vanadium, ppm
29 | potassiym, ppm
30 | sodium,|ppm
31 | nickel, dpm
32 | fixed nitfogen, ppm
33 | sulfur, fo wt.
34 | ash, % wt.
35 | water, o wt.
36 | distillatign: ASTM initial boiling-paint, °F
37 ASTM mid-point; °E
38 ASTM end-point,-°F
39 | fuel temperature @ burner, °F
40 | fuel pregsure available @ burner,-psi.
41 | atomizirlg medium: air/steam/mechanical
42 temperature, °F
43 pressure, psi
44 | Notes:
45
46
47
48
49
50
51
52
53
54
55
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Burner data sheet US Customary units
rev: | date: | sheet 3 of 3
Miscellaneous
1 burner plenum: common/integral rev

2 material

3 plate thickness, in

4 internal insulation

5 inlet air control: damper or registers

6 mode of operation

7 leakage, %

8 burner tile: composition

9 mINIMum Service termperaiure, “F

10 | noisk specification

11 atteuation method

12 | painfing requirements

13 | ignitjon port: size/number

14 | sighf port: size/number

15 | flamle detection: type

16 number

17 | scanner connection: size/number

18 | safety interlock system for atomizing medium & oil

19 | perfprmance test required (yes or no)

20 | Emiission limits:

21 [ firebox bridgewall temperature, °F

22 | NO * ppmv (d) or Ib/Btu (A) (hy)

23 | CO ppmv (d) or Ib/Btu (A ) (hy)

24 | UHCQ ppmv (d) or Ib/Btu (k) (hy)

25 | partfculates ppmv (d) or Ib/Btu (A ) (hy)

26 | SO ppmv (d) or Ib/Btu (k) (hy)

27

28 | *corfected to 3% O (dry basis @ design heat release)

30 | NOTE 1 At design conditions, minimum of 90% of the“available draught with air register fully open shall be utilized across
the purner. In addition, a minimum of 75% of the airiside pressure drop with air registers fully open shall be utilized across
burner throat.

31

32

33 | NOTE 2 Vendor to guarantee burnerflame length.

34 | NOTE 3 Vendor to guarantee excess air, heat release and draught loss across burner.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58
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Air preheater data sheet

US Customary units

rev: | date: | sheet 1 of 2
Purchaser/owner: Item No.:
Service: Location:
1 manufacturer: rev
2 model:
3 number required:
4 | heating surface, ft*
5 mass, Ib
6 approximate dimensions: (A x w x /) ft
7 Performance data
8 operatiryg case
9
10 | air side flowrate entering, Ib/h
11 inlet temperature, °F
12 outlet temperature, °F
13 pressure drop: allowable, in H,O
14 pressure drop: calculated, in H,O
15 heat absorbed, Btu/h
16 | flue-gaq side: flowrate, Ib/h
17 inlet temperature, °F
18 outlet temperature, °F
19 pressure drop: allowable, in H,O
20 pressure drop: calculated, in H,O
21 heat exchanged, Btu/h
22 | air bypgss rate, Ib/h
23 | total air|flowrate to burners, Ib/h
24 | mix air femperature, °F
25 | flue-gag composition, mole % (O/N2/H,O/CO,/SOy,)
26 | flue-gaq specific heat, Btu/lb - °F
27 | flue-gaq acid dew point temperature, °F
28 [ minimu metal temperature: allowable, °F
29 | minimufn metal temperature: calculated, °F
30 | Miscdllaneous:
31 | minimufn ambient air temperature, °F
32 [ site eleyation above sea level, ft
33 | relative|humidity
34 [ externa| cold air bypass (yes/no)
35 | cold en@l thermocouples (yes/no) number required
36 [ access Hdoors: number/size/location
37 | insulatign (internal/external):
38 [ cleaning medium: steam-or water
39 pressure, psi
40 temperature, °F
41
42 | Mechanical design:
43 | design {lue-gas temperature, °F
44 | design pressure differential, in H,O
45 | seismic|factor
46 | paintind réquirements
47 | leak te
48 | structural wind load, psf
49 | air leakage (guaranteed maximum), %
50
52 | Notes: (all data on per unit basis)
53
54
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Air preheater data sheet US Customary units
rev: [ date: | sheet 2 of 2
Construction data
1 [ cast iron: rev
2 number of passes
3 number of tubes per block
4 number of blocks
5 type of surface
6 tube material
7 tube thickness, in
8 glass block (yes/no)
9 number of glass Tubes
10 air crossover duct: number
11 bolted/welded
12 supplied with clips
13 water wash: yes/no
14 type (off-line or on-line)
15 location
16
17 |1l plate type:
18 number of passes
19 number of plates per block
20 number of blocks
21 plate thickness, in
22 width of air channel, in
23 width of flue-gas channel, in
24 air-side rib pitch, in
25 flue-gas-side rib pitch, in
26 material: plate
27 rib
28 frame
29 air crossover duct: number
30 bolted/welded
31 supplied with elips
32 water wash: yes/no
33 type (off-line or on-ling)
34 location
35
36 | Il heat pipe:
37 number of tubes
38 tubes OD/wall thickness, in
39 tube material
40 tubes per row
41 number of rows
42 tube pitch (square/triangular), in
43 air side gas side
44 fins: type
45 height X thickness x No. /in
46 material
47 gffective length, ft.
48 heating surface, ft°
49 L_—maximum allowable soak temperature °F
50 sootblower: yes/no
51 type
52 location
53 [ Notes:
54
55
56
57
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Fan data sheet

US Customary units

rev: [ date: | sheet 1 of 2
Purchaser/owner: Item No.:
Service: Location:
1 |fan manufacturer: model/size: arrangement: rev
2 |service: number required:
3 |drive system: fan rotation from driven end | |cw | |ccw
4 [gas handled: molecular weight:
5 |site elevation, ft: fan location:
6 Operating-Gonditions:
7 | operating cndition/case: design test block other conditions
8 capacity, |b/h
9 capacity, pcfm
10| density, I/t
11| air tempefature, °F
12| relative hymidity, %
13| static pregsure @ inlet, inches H,0O
14| static pregsure @ outlet, inches H,0O
15 | performanck:
16| BHP @ tgmperature (all losses included)
17| fan speed, r/min
18| static pregsure rise across fan, inches H,O
19| inlet damper/vane position
20| dischargel damper position
21| fan static gfficiency, %
22| steam ratg, Ib/HP-h (turbine only)
23| fan control: drive
24| air supply] make type
25| fan contrdl, furnished by rated HP r/min
26| method: inlet damper outlet damper: electrical area classification
27 inlet guide vanes variable speed class group Division
28| starting method power volts ph Hz
29 Construction Features:
30| housing: bearings:
31| material thicknessyin | hydrodynamic | |anti-friction
32| split for wheel removal yes no type
33| drains, number/size lubrication
34| access dqors, number/sjze coolant required gpm water @ °F
35| blades: thermostatically cont. heaters yes no
36| type temperature detectors yes ||no
37| number thickness, in vibration detectors yes no
38| material
39 [ hub: speed detectors:
40 | |shrink fit | | keyed non-contact probe
41 material speed switch
42| Notes: (all data on per unit basis):
43
44
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Fan data sheet

US Customary units

rev: | date: | sheet2 of 2
Construction features (continued)
1 [shaft: | |other
2 material couplings:
3 diameter @ brgs., in type
4 | shaft sleeves: make model
5 material service factor
6 |shaft seals: mount coupling halves
7 type: fan
8 driver
9 | centrifudal force or, Ib-ft’ spacer ves | |no length, if
10 | miscellapeous: rev
11 common baseplate (fan driver) silencer (inlet) (outlet) inlet (screen) (filter)
12 begring pedestals/soleplates evase housing drain conhection
13 pefformance curves vibration isolation spark-resistant‘coupling guard
14 seg¢tional drawing type insulation clips
15 oulline drawing special coatings inspection access
16 inl¢t boxes control panel heat shields
17 | noise atfenuation: mass, Ib.
18 | maximuin allowable sound pressure level dBA @ ft fan driver base
19 | predictegl sound pressure level dB(A) @ ft. sound trunk
20 | attenuatjon method evase
21 | furnishegl by total shipping mass
22 | painting gonpections:
14 mgnufacturers standard size rating orieftation
15 inlet
16 | shipment: outlet
17| | |doinestic | |export | | export boxing required drains
18
19 [ erection
20 asgembled tests:
21 paitly assembled mechanical run-in (no load)
22 ou{door storage over 6 months witnessed performance
23 | applicabje specifications: rotor balance
24 shop inspection
25 assembly and fit-up check
26
27
28 | Notes:
29| | [ltefns marked to be included-if)vendor scope of supply.
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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Sootblower data sheet

US Customary units

rev.

| sheet 1 of 1

Purchaser/owner:

Item No.:

Service:

Location:

Operating data:

rev

fuel oil type/specific gravity or °API

sulfur, mass fraction (%)

vanadium, ppm (mass)

nickel, ppm (mass)

ash, mass fraction (%)

lane locatiop

flue-gas temperature @ blower, maximum °F

flue-gas prgssure @ blower, maximum °F

blowing mefium

Utility dqta:

alalalalalal aflalolol~Nlolal v =

EEEEEEEE

18

steam psi @

°F

air psi

scfm per blower

power volts

phase

I67h,per blower

Hz

Layout data:

tube outsidg diameter, in

tube length| ft

tube spacing, (stag./in line), in

bank width,|ft

number of ihtermediate tube sheets

lane dimengion (minimum clearance), in

maximum deaning radius, ft

extended s{irface type

number of gxtended surface rows

lining thickress, in

Blower data:

manufacturgr

type

model

number reguired

number of Ipnes (rows)

number perlane

arrangemeipt

operation |

control required

control pangl location (local or'remote)

driver type {man., pneumaticr-electrical motor)

electrical argea classificatioh

motor startgrs classification

motor: HP

enclosure

rlpin

lance travelspeed

head: material & rating

wall box isolation

Notes:

84
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Annex B
(informative)

Purchaser's checklist

ISO 13705:2001(E)

This checklist may be used to indicate the purchaser’s specific requirements where this International Standard
provides a choice or specifies that a decision shall be made. These items are indicated by a bullet (®) in this

International Standard.

Subcjause Item Requirement
4.2 Pressure design code: _
4.3 Applicable local rules and regulations: _
5.1.4 Number of copies of referenced drawings and data required: —
5.3.3h) Decoking procedures required? Yeq No
5.2¢€) Noise data sheets provided? Yeq No
5.4 1)

5.4 a) As-built data sheets and drawings required? Yeq No
6.3.2 Space required for future sootbloweérs, water washing, etc.? Yeq No
6.3.3 Sootblowers to be provided? Yeq No
7.21 Acceptable extended surface type:

studs Yeq No

solid fins Yes No

segmented fins Yeq No
9.1.4 Inspection-openings required? Yes No

If yes, are*terminals flanges acceptable? Yeq No
9.1.6 Low=p0int drains required? Yes No
High-point vents required? Yeq No

10.3.2 Tube support corrosion protection:

50Cr-50Ni material Yeq No

Refractory coating Yeq No
11.3.7 Anchor fixing method —
11.4.17 Protective coating of casing, ceramic fibre construction
11.5.7 Protective coating of casing, back-up insulation —
12.1.1 Structural design code: —
12.2.5 Locations for future platforms, ladders and stairways: —
12.2.7 Fireproofing required? Yes No
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Subclause Item Requirement
12.3.1.2 Header box closures:
hinged doors Yes No
bolted panels Yes No
12.3.1.4 Horizontal partitions required in convection-section header boxes? Yes No
12.4.4 Platform decking requirements:
checkered plate Yes No
open grating Yes No
12.5.1 Acceptable low temperature materials:
13.1.2 Codes for stacks, ducts and breeching: s
or
Methods in annex H to be used? Yes No
13.2.2 Bolting permitted for stack assembly? Yes No
13.5.3 c) Acceptable aerodynamic devices:
helical strakes Yes No
vertical strakes Yes No
staggered vertical plates Yes No
14.1.8 Single burner with multiple guns acceptable? Yes No
14.1.10 d) Minimum main fuel rate during cold burner light<off: s
14.1.17 Required heater capacity during forced-draught outage and continued _
operation on natural draught. _
14.1.22 On-stream removal of complete burnerparts or assembly is required? Yes No
14.2.1 Acceptable sootblower type:
retractable Yes No
automatic Yes No
sequential Yes No
14.4.5 Location of control dampers
Position on failure: Open | Close
15.1.3.5 Additional-fluegas sampling connections: _
15.2.1 Crossover thermowell connections required? Yes No
15.2.2 Qutlet thermowell connections required? Yes No
15.3.2.2 Water washing required?
radiant section Yes No
CUI IVUbtiUll bcbt;ull \l,Cb NO
15.4.1 Tube skin themocouples required? Yes No
16.1.1 Site receiving and handling limitations:
16.2.1 f) Charpy impact test requirements:

86
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Subclause Item Requirement
16.3.1 Acceptable welding processes for coil fabrication: —
16.3.3 Acceptable purge gases: —
16.4.3 Galvanizing of handrails etc.? Yes No

Bolt protection:

galvanizing Yes No
zinc-coating Yes No

17.1.3 Pre-inspection meetings required prior to the start of fabrication? Yes No
17.3.1 Positive materials identification (PMI) required? Yeq No
17.3.2 ¢ Radiography of critical sections required? Yes No
17.3.3 Sampling plan for dimensional checks of cast radiant tube supports, _

hangers and guides: _
17.3.4 ¢ Sampling quantities and degree of coverage for radiography of cast return | ———

bends and pressure fittings: _
17.5.1.2 Is pneumatic pressure testing acceptable instead of hydrostatic? Yeq No
17.5.4.2 PMI requirements: B
E2.14 Electrical area classification for fired heater equipment/ system: —
E2.1.7 Weather and environmental requirements for outdoor installation: _
E.2.2.1 Corrosion allowange-required for fan scroll and housing? Yes No
E.2.5.2 Blade design _t
E.2.58 Corrosion-resistant shaft sleeves required for ID fans? Yeq No
E2.74 Rotorresponse analysis required? Yeq No

T6 be confirmed by test-stand data? Yeq No
E.2.8.3 Mechanical run test required? Yes No
E.2.11.1.2 Corrosive agents in the flue gas or environment, affecting fan materials | ———

setection: —
E.211.3 Alternative notch-toughness requirements for fans: —
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Subclause Item Requirement
E.3.1 Accessories to be supplied by fan vendor
E.3.2.1 Fan driver type:
E.3.2.2 Process variations for fan sizing:
E.3.3.1.2 Fan vendor required to review averall control system for compatibility? Yes No
E.3.4.2.1 Type and source of control signal, its sensitivity and range, and the | ——~—1——
equipment scope to be furnished by the vendor: _t
E.3.4.3.1 Damper blades:
parallel Yes No
opposed Yes No
E.3.4.3.2 Fan vendor to state maximum expected leakage throdgh closed dampers | vygg No
and vanes?
E.3.6.2.2 Type of insulation and jacketing _
E.4.1.6 a) Shop fit-up and assembly of fan, drivers*and other auxiliaries required | Yes No
prior to shipment?
E.4.1.6¢c) Hardness testing required? Yes No
E.4.21 Fan testing requirements:
E.4.3.1 Equipment to be specially prepared for six months of outdoor storage? Yes No
E.4.3.2 Shipping preparation réquirements. —

88
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SHOP AS

Annex C
(informative)

ISO 13705:2001(E)

Proposed shop assembly conditions

SEMBLY CONDITIONS

SERVICE
UNIT
TYPE
OWNER

PURCHASER

EQUIPMENT NO.
PLANT LOCATION
NO. REQUIRED
REFERENCE NO.
REFERENCE NO.

VENDOR
DATE

REFERENCE NO.
PAGE 1__OF

DEGREE OF ASSEMBLY

Complete As

Boxes:

sembly (Number of sections)

1. Refractdry only

2. With an

Panels:

hors only

3. With tubes and refractory installed

4. With refi
5. With an

Coils:
6. Number|
7. Number|

actory only
hors only

of coil assemblies
of hairpins, canes, tubes

8. Field welds, number/size

Number of p|

10. Flue-ga
11. Combu
12. Header
13. Plenum
14. Stack

9. Breechiﬂg

Installation:
15. Tube su

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Header
Plenum

Damper:
Cages t
Platform|
Platform|
Handrail

Doors

Internal
Burners

Bridgewall

eces:

ducts

ion air ducts
DOXes
Chamber

bports

Floor reffactory

DOXes
Chambers

ladders
flooringite*framing
support clips to casing

Radiant

Convg

ction

Lined

Unlined

With anchors

With

but anchors

Shop-installed

Field-in

btalled

s, midrails and toeplates to posts

Stair treads to stringers

Tube-skin thermocouples

coatings

Sootblowers
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SERVICE EQUIPMENT NO.

DEGREE OF ASSEMBLY (continued)

Air heater:

Drivers:
4.

5.
6.

Other:

©oN

ESTIMATED SHIPPING MASSES AND DIMENSIONS

10. Total heaf
11.  Total, ladg
12. Total stac
13.  Maximum
14.  Maximum
15.  Maximum
16. Maximum

er mass, tonnes (long tons)

ers, stairs, platform mass, tonnes (long tons)

mass, tonnes (long tons)

radiant section mass, tonnes (long tons)

radiant-section dimensionsjlength x width x height, m (ft)

convection section mass, tennes (long tons)

convection section,dimensions, length x width x height, m (ft)

90
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Annex D
(normative)

Stress curves for use in the design of tube support elements

D.1 General

This anne
curves arg

a) one-tHird of the ultimate tensile strength;

b) two-th
c) 50 %

d) 50 %

Some of tfhe stresses listed in items a) through d) were not available for carbon steel castings o

50Cr-50Ni

materials are suitable for application at lower temperatures.

D.2 Casting factor

For cast n
accepted

calculation] of the minimum thickness.

D.3 Min

If good fou
on the cal

shall be specified.

D.4 Maximum-design temperatures

The maximum design temperatures shown in Figures D.1 through D.13 were obtained from Table 8 a

on resistal
309H and

K provides stress curves that shall be used in the design of tube support elements. The. fol
provided:

rds of the yield strength (0,2 % offset);
bf the average stress required to produce 1 % creep in 10 000 h;

pf the average stress required to produce rupture in 10 000 h.

-Nb castings. The stress curves were plotted from data gathered over normal design rang

by the industry. A casting-factor multiplier of 0,8 shall be applied to the allowable stress

imum cross-sections

Culation specified in\D72 or the stress curves shown in Figures D.1 through D.13, the govern

owing stress

plate or for
es. All of the

haterials, the stresses shown in Figures D1 through D.13 are actual stresses based on pyblished data

value in the

ndry practice or casting-methods or tolerances require the use of a cross-section heavier than that based

ng thickness

hd are based

310H plate), which are based on available stress data. The stress curves for some mat

D.12 (Types
erials extend

beyond the maximum design temperature because of the materials’ possible use, with high oxidation rates, at
higher temperatures.

D.5 Corrosion resistance

ASTM A 560, Grade 50Cr-50Ni-Nb, material is generally selected for its resistance to vanadium attack; however, its
resistance diminishes at temperatures above 870 °C (1 600 °F).
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D.6 Proprietary alloys

Many low-chromium alloys, alloy cast iron and high-chromium nickel alloys are proprietary. The allowable stresses
to be used for the design of castings that would use these materials (that are not included in Table 8) shall
therefore be obtained from the supplier and shall be subject to the agreement of the purchaser.

D.7 Stress curves

All the stress curves in Figures D.1 through D.13 are based on published data. Apparent anomalies in the shapes

of the curves

reflect the actual data points used to construct the curves.

D.8 Data sources

Table D.1 lis

s the sources of the stress data presented in Figures D.1 through D.13.

92
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Table D.1 — Sources of data presented in Figures D.1 through D.13

Figure Material Curve Data source?

D.1 Carbon steel castings Tensile strength SFSA Steel Castings Handbook
Yield strength SFSA Steel Castings Handbook

D.2 Carbon steel plate Tensile strength ASTM DS 1181
Yield strength ASTM DS 1181

D.3 2',Cr-1Mo castings Tensile strength ASTM DS 6
Yield strength ASTM DS 6S2
Rupture stress ASTM DS 6S2
Creep stress ASTM DS 652

D.4 2Y4Cr-1Mo plate Tensile strength ASTM DS 682
Yield strength ASTM DS 682
Rupture stress ASTMDS6S2
Creep stress ASTM-DS 6S2

D.5 5Cr-2Mo castings Tensile strength ASTM DS 6
Yield strength ASTM DS 58
Rupture stress ASTM DS 58
Creep stress ASTM DS 58

D.6 5Cr-Y2Mo plate Tensile strength ASTM DS 58
Yield strength ASTM DS 58
Rupture stress ASTM DS 58
Creep stress ASTM DS 58

D.7 19Cr-9Ni castings Tensile strength ASM Metals Handbook
Yield strength ASM Metals Handbook
Rupture;stress ASM Metals Handbook
Creep, stress ASM Metals Handbook

D.8 Type 304H plate Teénsile strength ASTM DS 5S2
Yield strength ASTM DS 552
Rupture stress ASTM DS 582
Creep stress ASTM DS 5S2

D.9 25Cr-12Ni castings Tensile strength ASM Metals Handbook
Yield strength ASM Metals Handbook
Rupture stress ASM Metals Handbook
Creep stress ASM Metals Handbook

D.10 Type 309H plate Tensile strength ASTM DS 5
Yield strength ASTM DS 5
Rupture stress ASTM DS 5
Creep stress ASTM DS 5

D.11 25Cr-20Ni castings Tensile strength ASM Metals Handbook
Yield strength ASM Metals Handbook
Rupture stress ASM Metals Handbook
Creep stress ASM Metals Handbook

D.12 Type 310H plate Tensile strength ASTM DS 5
Yield strength ASTM DS 5
Rupture stress ASTM DS 5
Creep stress ASTM DS 5

D.13 50Cr-50Ni-Nb castings Rupture stress IN-657P
Creep stress IN-657b

a

b

See Bibliography.

IN-657, Cast Nickel-Chromium-Niobium Alloy for Service Against Fuel-Ash Corrosion - Engineering Properties, Inco Alloy

Products Ltd., Wiggin Street, Birmingham B16 0AJ, UK.
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Figure D.1 — Carbon steel castings: ASTM A 216, Grade WCB
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Figure D.2 — Carbon steel plate: ASTM A 283, Grade C
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Figure D.4 — 2 1/4 Cr-1Mo plate: ASTM A 387, Grade 22, Class 1

© 1SO 2001 — All rights reserved

97


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

=)
S
© 345 (50)
X
‘»
£ 276 (40)
©
o
= L1
@ 207 (30) A Las
9 1// \\\
5 NN
~~~~~~ \\
T~ g
138 (20) b
\&
AN
NN A ™N ™
\ [ ™\ \ ™ N
N N \‘
\ N
N
\ \ \ N
N
69 (10) \ \\ 2 N
\ .
62 (9) N\ ™
55 (8)
48 (7) N
N 3
41 (6) = N
l" 1
34 (5) ™ N
AN 5
N
28 (L) ™
21 (3) N \
\\ \
N AN
N\
1 (2) N N
N
AN
A\
\
\ A
N
N
N
744
371 427 482 538 593 649 704
(700) (800) (900) {(1.000) (1 100) (1 200) {1300)
Temperature, "C (°F)
Key
1 2/3yield strength 4 50 % of 1 % creep in 10 000 h
2 1/3 tensile strength 5  Maximum design temperature

3 50 % of rupture in 10 000 h

Figure D.5 — 5Cr-1/2Mo castings: ASTM A 217, Grade C5
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Figure D.6 — 5Cr-1/2Mo plate: ASTM A 387, Grade 5, Class 1
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Figure D.7 — 19Cr-9Ni castings: ASTM A 297, Grade HF
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Figure D.8 — Type 304H plate: ASTM A 240, Type 304H
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Figure D.9 — 25Cr-12Ni castings: ASTM A 447, Grade HH, Type Il
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5 Maximum design temperature

Figure D.10 — Type 309H plate: ASTM A 240, Type 309H
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Figure D.11 — 25Cr-20Ni castings: ASTM A 350, Grade HK40

104 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

276 (40)

207 (30)

138 (20)

Stress, MPa (psi x 1 000)

Al |
J
J
]
J

69 (10)

18 (7)

y 4

Bl (5)

8 (L)

21 (3)

14 (2)

/
/
7

701

4 (0,7)

3,3 (0,5

P4

2,4 (0,4)

2,] (0,3)

1.4 (0,2)

(=)

J (0,1

538
(1000)

Key
1 2/3yidld strength

593 649 104 760 816 811 921
(17100) (1200) (1300) (1 400) (1500) (1 600) (1 700)

Temperaturg, °C (°F)

4 50 % of rupture in 10 000 h

2 1/3 tensile strength

5 Maximum design temperature

3 50 % of 1% creepin 10 000 h

© I1SO 2001 — All rights reserved

Figure D.12 — Type 310H plate: ASTM A 240, Type 310H
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Annex E
(normative)

Centrifugal fans for fired heater systems

E.1 General

This annek specifies requirements and gives recommendations for centrifugal fans intended for contirlnuous duty in
fired heatgr systems. The terms and definitions given below apply specifically to this annex and-thergfore are not
given in clause 3.

E.1.1
fan rated point
(fan speed) highest speed necessary to meet any specified operating condition

E.1.2
fan rated point
(fan capadity) rated capacity required by fan design to meet all operating{points

NOTE This capacity point should be selected so that it encompasses specified operating conditions within tHe scope of the
expected pgrformance curve.

E.1.3
normal operating point
point at which usual operation is expected and optimum\efficiency is desired

NOTE This is usually the point at which the vendor certifies that performance is within the tolerances|stated in this
Internationgl Standard

E.1.4
maximun allowable speed
highest speed at which the manufacturer’s design permits continuous operation

E.1.5
maximum allowable temperature
maximum |continuous temperature for which the manufacturer has designed the equipment (or any part to which
the term i referred) whén-handling the specified fluid at the specified pressure

E.1.6
fan total gressure
difference|between the total pressure at the fan outlet and the total pressure at the fan inlet

EA.7
fan velocity pressure
pressure corresponding to the average velocity at the specified fan outlet area

E.1.8
fan static pressure
difference between the fan total pressure and the fan velocity pressure

NOTE This may alternatively be expressed as the difference between the static pressure at the fan outlet and the total
pressure at the fan inlet.
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E.1.9
static pressure rise
static pressure at the fan outlet minus the static pressure at the fan inlet

E.1.10
inlet velocity pressure
difference between fan static pressure and static pressure rise

E.1.11

actual flowrate
flowrate determined at the conditions of static pressure, temperature, compressibility and gas composition,
inClUding mO otulc, Gt thU fall ;I I:Ct f:al ch

NOTE It {s expressed in cubic metres per minute (cubic feet per minute).
E.1.12
fan vendor

manufacturef of the fan

E.2 Design

E.2.1 Geneéral

E.2.1.1 The equipment (including auxiliaries) shall be designed«and constructed for a minimum senvice life of
20 years and at least three years of uninterrupted operation. It is re€ognized that this is a design criterion

E.2.1.2 Fans shall be designed to operate satisfactorily atall specified operating conditions. The twq operating
points of particular concern are the rated point and the normal operating point (see E.1.1, E.1.2 and E.1}3). It shall
be the resppnsibility of the fan purchaser to provide complete required data (such as flowrate,| pressure,
temperature [and inlet gas density) to the fan manufacturer. In developing these data, the fan purchaser shall
consider the [following.

a) The norral operating point is that point at which it is expected that the furnace will be operated most of the
time. It $hall be the fan manufacturers\responsibility to optimize the fan’s efficiency as close to th|s point as
practical,.

b) The fan rated point shall include the flow required to meet the heater maximum design firing rate (ifjcluding all
surplusgs for excess air, system leakage and design safety factor). In no case shall the rated po|nt be less
than 11%% of the normahloeperating flow. The fan static pressure and temperature required for the fated point
shall be [specified by the purchaser.

E.2.1.3 The arrangement of the equipment, including ducting and auxiliaries, shall be developed joiptly by the
purchaser apd the.vendor. The arrangement shall provide adequate clearance areas and safe access for
operation, maintenance and removal.

E.21.4 Motors, electrical components and electrical installations shall be suitable for the area classification
(class, group and division) specified by the purchaser and shall meet the requirements of NFPA 70, Articles 500
and 501, as well as local codes specified and furnished by the purchaser. APl RP 500 provides guidance on area
classification.

E.21.5 All equipment shall be designed to permit rapid and economical maintenance. Major parts such as fan
housing, inlet cone, and bearing housings shall be designed (shouldered or dowelled) and manufactured to ensure
accurate alignment on reassembly. Field dowelling by others may be required after final alignment.

E.2.1.6 The fan vendor shall formally review and approve or comment on the purchaser’s inlet and outlet duct
and equipment arrangement drawings. This review shall consider structural aspects, such as loading on fan parts,
and configuration details that impact fan performance as described in AMCA 201. Foundation drawing review is not
required, unless specified by purchaser.
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E.21.7 Fans shall be suitable for installation outdoors with no roof. The purchaser shall specify the weather
and environmental conditions in which the equipment shall operate (including maximum and minimum
temperatures and unusual humidity or dust problems). The unit and its auxiliaries shall be suitable for operation
under these specified conditions. For the purchaser’s guidance, the vendor shall list in the proposal any special
protection that the purchaser is required to supply.

E.21.8 Spare parts for the machine and all furnished auxiliaries shall meet all the criteria of this International
Standard.
E.21.9 The selected operating speed of the fan shall not exceed 1 800 r/min, unless otherwise approved by

the purchaser.

E.2.1.10 Fan arrangement and bearing support shall be in accordance with AMCA 99-2404-78, afrangement 3
or arranggment 7, with the fan impeller located between bearings, the bearings mounted indepéndertly of the fan
housing oh rigid pedestals and sole plates, and the bearings protected from the air or gas-stream|if any of the
following donditions exist:

a) driver fated power of 112 kW (150 BHP) or greater;

b) speed|greater than 1 800 r/min;

c) maximum specified operating temperature greater than 235 °C (455 °F);
d) corrosfve or erosive service;

e) service subject to fouling deposits that could cause rotor unbalance.

For serviges not subject to the above conditions, AMCA arrangements 1, 8 and 9, all with bearipgs mounted
independgnt of the fan housing, are acceptable if approved by the purchaser.

For fan selection, it should also be considered that
— reducpd speed is desirable for erosive service and for units subject to fouling deposits on the rotot;
— belt dfives should be limited to no more than 75 kW (100 BHP) rated driver size.

If drivers gre rated less than 30 kW((40 BHP) and speeds greater than 1 800 r/min, AMCA arrangements other than
3 and 7 may be specified on the (data sheet.

E.2.1.11 Fan performange)shall be based on fan static pressure rise, not including discharge velogity pressure.
When spgcifying required,/performance, the purchaser is responsible for including the effect of finlet velocity
pressure. |[To obtain thelstatic pressure differential, the silencer and inlet losses, including control system losses,
shall be adlded by the)fan vendor to the purchaser’s specified inlet and outlet static pressures.

E.2.1.12 Unless otherwise specified, fans shall have continuously rising pressure characterisfic (pressure
versus floyrate plot) from the rated capacity to 70 % or less of rated flow.

Performance curves, corrected for the specified gas at the specified conditions, shall be based on performance
tests in accordance with AMCA 210, including, where applicable, evase and inlet box(es).

E.2.1.13  The fan shall be mechanically designed for continuous operation at the following temperatures:

a) 56 °C (100 °F) above the maximum expected inlet temperature to induced-draught fans;

b) 14 °C (25 °F) above maximum specified ambient air temperature to forced-draught fans.

E.2.1.14 Fan, components and accessories shall be designed to withstand all loads and stresses during rapid

load changes, such as starting, failure of damper operator or sudden position change of dampers. Considerations
for driver sizing and starting operations are covered in E.3.2.1 and E.3.2.5.
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E.2.1.15

a)

b)

Fan inlets shall be designed as described below.

For forced-draught fans, provision of the inlet equipment and arrangements, including silencer(s) and transition
piece(s), shall be coordinated between the purchaser and the fan vendor. (Portions may normally be supplied
by each.)

Unless otherwise specified, the air intake shall be at least 4,5 m (15 ft) above grade. The purchaser shall
evaluate air intake elevation requirements considering the possibility of dust entering the system and causing
surface fouling, the area noise limitation requirement and the corresponding need for a silencer, the possibility
of a combustible vapour entering the fan, and power penalties for inlet stack and silencer configurations.

The fanrifrte

guide va
assemb

E.2.2 Fan

E.2.2.1
thickness sh

purchaser shall specify whether a corrosion allowance is required. Stiffeners shall be provided to fo

housing free

The fan scroll and housing sides shall be continuously welded plate construction. The mini

nes, inlet boxes and silencer, as required. All components shipped separately shall be\f
y. The inlet equipment assembly shall be designed for the wind load shown on the fan@ata s

nousing

all be 5mm (3/16 in) for forced-draught fans and 6 mm (1/4 in) for_induced-draught

of structural resonance and to limit vibration and noise. The external stiffeners may be inf

welded to th

For fans in

connection fo allow assembled rotor removal and installation (without disturbing duct connectio

arrangemen

The inlet co
split, separa

E.2.2.2
shall be pro
balancing, af

E.2.2.3
be removed

E.2.3 Fan

E.2.3.1
connections

E.2.3.2
point(s) of th

fan housing.
rrangements 3 and 7, the housing and inlet box(es) shall be split at a bolted, flanged ang
shall be similarly split where impeller diameter exceeds*1 070 mm (42 in).

shall be constructed so that it does not impede:totor removal or installation. The cone sha
ly removed as a whole, or removable in assembly with the rotor.

Bolted and gasketed access doors, of largest possible size up to 600 mm x 600 mm (24 i

vided in the scroll and inlet box(es)cfor access to the fan internals for inspection, clea
d to any internal bolting necessaryfor rotor removal.

bnd installed without requiring personnel to enter the inlet box(es).

nousing connections

nlet and discharge connections shall be flanged and bolted. Facings, gaskets and bo
shall preventieakage.

A\ccessiblevflanged drain connections, 50 mm (2 in) minimum diameter, shall be provided
b housing and inlet boxes.

mum plate
fans. The
rm a rigid
ermittently

gasketed
ns. Other

| either be

N X 24 in),
ning, rotor

Adequate flanged sections shall\be provided in the fan housing and inlet box(es) so that the¢ rotor can

ting of all

at the low

E.2.4 Exte

mal forces and moments

Fan housings are generally designed for low external forces and moments from the inlet and outlet connections. It
shall be the responsibility of the heater designer to specify on the data sheets the expected external loads to be
imposed on the fan housing from the ancillary equipment (that is, ducting, sound trunks, silencers, and filters), if
this equipment is not supplied by the fan vendor. The vendor shall design the housing to accept the specified loads.
The vendor shall provide the following information as required on the fan data sheets:

a) maximum allowable external forces and moments;

b) expansion joint information and recommendations if joints are required for thermal expansion, vibration

isolation

110

, or both.
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E.2.5 Rotating elements

E.2.5.1

Fan impellers shall have a non-overloading horsepower characteristic and shall be designed for the
highest possible efficiency. Backward-curved/backward-inclined blades are permitted in the constructions detailed
in E.2.5.1.c). Such configurations are non-overloading.

Design and configurations available as options include

a)

prevent the internal accumulation of condensables, foulants, or corrosion products,

b)

solid blades with airfoil shape,

hollow airfoil construction of 2,5 mm (0,10 in) minimum skin thickness material designed and constructed to

c) non-a
E.2.5.2

shall be s
have lowe

E.2.5.3

of one-pie
the exami
wheel is rq

E.2.5.4
expected
an adequg

E.2.5.5
fits with
acceptabl
manufacty

E.2.5.6

may be m
sides of th
shaft diani
shaft is no|

E.2.5.7
E.2.5.8

sleeves to
housing.

rfoil shape of minimum single thickness, 6 mm (1/4 in) .

Induced-draught fan design shall consider operations in a possible dirty gas environment.
ecified by the purchaser. Radial and radial-tipped configurations are consideredmon-fouling
r inherent efficiencies.

The impeller shall be of welded construction. Shrouds, backplates, and ¢enter plates sha
Ce construction. They may be fabricated if the sections are joined by.full-penetration butt w
nation requirements of E.4.1. The vendor shall state whether post-weld heat treatment of t
quired, after consideration of environmental and mechanical (residual stress) effects.

Gas temperature-change rates, heating and cooling, in‘excess of 8 °C (15 °F) per mi
bn induced-draught fans. Fan vendors shall specify the maximum allowable rate of change t
te hub-to-shaft interference fit is maintained.

Impellers shall have solid hubs, be keyed to the shaft and be secured with an interference

below a mechanical design temperature of 150 °C (300 °F). If the impeller is to be bolted tq
rer's design shall preclude relative movement between the impeller and hub.

Shafts shall be of one piece, heat:treated, forged steel; shafts 150 mm (6 in) in diamete
achined from hot rolled steel. For arrangements three or seven, shaft diameters shall be ste
e impeller fit area to facilitate impeller assembly and removal. Fillets shall be provided at g
eters and in keyways. Keyways shall have fillet radii in accordance with ASME B17.1. W
t permitted.

Shafts shall be capable of handling 110 % of rated driver torque from rest to rated speed.

If specified by the purchaser, induced-draught fans shall be provided with corrosion-re
reduce the_effect of dew-point corrosion at shaft seals. Sleeves shall extend 150 mm (6 in

E.2.6 S

aft'sealing of fans

Blade design
designs and

normally be
elds meeting
he fabricated

nute may be
b ensure that

fit. Unkeyed

ppropriate interference are permissible with>purchaser’'s approval. Cast or ductile irgn hubs are

the hub, the

and smaller
bped on both
Il changes in
plding on the

sistant shaft
) into the fan

E.2.6.1

Shaft seals shall be provided to minimize leakage from or into fans over the range

of specified

operating conditions and during idle periods. Seal operation shall be suitable for variations in inlet conditions that
may prevail during startup and shutdown or any special operation specified by the purchaser.

E.2.6.2
bearings.

Shaft seals shall be replaceable from the outside of the inlet box(es) without disturbing the shaft or

E.2.7 Critical speeds/resonance

E.2.71

Unless otherwise specified, the separation margin of critical speeds from all lateral (including rigid and
bending) modes shall be at least 25 % over the maximum continuous speed. The separation margin is intended to
prevent the overlapping of the resonance response envelope into the operating speed range.
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NOTE
paragraph 3.2

E.2.7.2

operating speed range or the specified separation margins, unless the resonances are critically damped.

E.2.7.3

separation margins.

E.2.7.4

The term critical speed used herein considers the factors defined by “design resonant speed” in AMCA 801-92,
3.

Resonances of support systems within the vendor’s scope of supply shall not occur within the specified

Bearing housing resonance shall not occur within the specified operating speed range or specified

If specified by the purchaser, critical speeds shall be determined analytically by means of a damped

unbalanced rotor response analysis and, if specified by the purchaser, this shall be confirmed by test-stand data.

E.2.7.5
compatible W
specified ran
purchaser fo

The vendor who has unit responsibility shall determine that the drive-train critical s

ith the critical speeds of the machinery being supplied, and that the combination is suita
ge of operating speed. A list of all undesirable speeds, from zero to trip, shall be submi
his review and included in the instruction manual for his guidance.

E.2.8 Vibration and balancing

E.2.8.1

E.2.8.2
impeller moy
in Table E.1.

Fach rotating assembly shall be dynamically balanced.

Prior to rotor assembly, the shaft shall be inspected for mechanical runout and concentr

beeds are
ble for the
ted to the

city at the

nting surface seat and bearing journals. Runout shall not exceed the total indicator reading specified

Table E.1 — Maximum shaft runout(indicator readings

Dimensions in millimet

Fes (inches)

y

Total indicator reading
bhaft diameter

Bearing’journal area

Wheel mounting arga

<150 (<6) 0,025 (0,001) 0,050 (0,002)

H

—_

0 (6) to 355 (14) 0,038 (0,0015) 0,075 (0,003)

>355 (>14) 0,050 (0,002) 0,100 (0,004)

E.2.8.3
(see E4.2.2
other speed
measured o
running freq
velocity.

If specified by the_purchaser, a mechanical running test shall be performed at the fan ven
. During the shop test of the assembled machine operating at maximum continuous speeq

within the.spécified operating range, the maximum allowable unfiltered peak vibratio
the bearing housing in any radial plane, shall not exceed 5 mm/s (0,2 in/s) or 2,5 mm/s (
hency. ‘At the trip speed of the driver, the vibration shall not exceed 6 mm/s (0,25 in/s

dor's shop

or at any
N velocity,
D,1 in/s) at
unfiltered

E.2.9 Bear

E.2.9.1

ngs and bearing housings

rated at 112 kW (150 BHP) or greater shall have horizontally split, self-aligning hydrodynamic bearings.

E.2.9.2

Bearing types shall be either antifriction or hydrodynamic (sleeve). Unless otherwise specified, fans

Antifriction bearings shall be self-aligning and the selection shall be based on the following ratings:

a) DN factor less than 200 000. (The DN factor is the product of bearing bore, expressed in millimetres, and the
rated speed, expressed in revolutions per minute.)

b) L-10 life factor (as defined in AFBMA Standard 9) of 100 000 h or greater. (The rating life is the number of
hours at rated bearing load and speed that 90 % of the group of identical bearings will complete or exceed
before the first evidence of failure).

112

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

c)

ISO 13705:2001(E)

speed, expressed in revolutions per minute).

Load factor less than 2 013 400. (Load factor is the product of rated power, expressed in kilowatts, and rated

“Maximum load” (filling slot) antifriction bearings shall not be used for any service, including drivers (motors,
turbines, and gears).

E.2.9.3

Thrust bearings shall be sized for continuous operation under all specified conditions, including double-
inlet fans operating with one inlet cone 100 % blocked. As a guide, thrust bearings shall be applied at no more than

50 % of the bearing manufacturer’s ultimate load rating.

E.294 Shaft bearings shall be accessible without dismantling ductwork or fan casing. Overhung impeller
designs shatthaveprovistons-fot auppurtillg therotot dwilly bcal;llg mainterance:

E.2.9.5 All induced-draught fans shall be supplied with a heat slinger (with safety guards), located| between the
fan housing and/or inlet box(es) and the adjacent bearing(s).

E.2.9.6 Sufficient cooling, including an allowance for fouling, shall be provided to maintain the oil temperature
below 70 {C (160 °F) for pressurized systems and below 82 °C (180 °F) for ring-oiled 'or-splash systems, based on
the specified operating conditions and an ambient temperature of 43 °C (110 °F). Where water cooling is required,

water jackets shall have only external connections between the upper and lower housing jackets ar

neither ga
(including
fittings. C

keted nor threaded connection joints, which may allow water to leak.into the oil reservoir. If
fittings) are used, they shall be of nonferrous material and shall*have no internal press
ils shall have a thickness of at least 1,07 mm (19 BWG or 0,042 in) and shall be at le

d shall have
cooling coils
ure joints or
ast 12,5 mm

(0,50 in) ir} diameter.

E.2.9.7 Bearing housings shall be drilled with pilot holes for use-in final dowelling.

E.2.10 Ldubrication

E.2.10.1 Unless otherwise specified, bearings and~bearing housings shall be arranged for hydrocarbon oil
lubrication| in accordance with the bearing manufacturer's recommendations. Grease-packed antifricfion bearings
shall not b provided without purchaser’s approval:

E.2.10.2 On dampers and variable inlet“vanes, all linkage, shaft fittings and bearings shall be|permanently
lubricated] Components requiring periodic ubrication shall be furnished with lubrication fittings which afe accessible
while the fan is in operation.

E.2.10.3 If a forced-feed oil (system is required, the scope shall be agreed between the purchaser and the
vendor.

E.2.11 Materials

E.2.11.1 General

E.2.11.1.1| (Construction materials shall be the manufacturer's standard for the specified operating conditions,
except as reqtired-by-thepurchaser

E.2.11.1.2 The purchaser shall specify if there are any corrosive agents present in the flue gas and in the
environment, including constituents that may cause stress-corrosion cracking. The fan vendor shall recommend
materials that are suitable for mechanical design and fabrication (see E.2.5.3).

E.2.11.1.3 Where mating parts such as studs and nuts of AISI Standard Type 300 stainless steel or materials with
similar galling tendencies are used, they shall be lubricated with an antiseizure compound rated for the specified
temperatures.

E.2.11.1.4 Low-carbon steels can be notch-sensitive and susceptible to brittle fracture at ambient or low
temperatures. Therefore only fully killed, normalized steels made to fine-grain practice are acceptable. ASTM A 515
steel shall not be used.
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E.211.1.5 |

nternal bolting shall be at least equivalent to the fan construction material.

E.2.11.2 Welding

E.2.11.2.1 All welding, including weld repairs, shall be performed by operators and procedures qualified in
accordance with AWS D14.6-96 for rotor welds and AWS D1.1 for housings and inlet boxes.

E.2.11.2.2 The vendor shall be responsible for the review of all welding, including weld repair, to ensure that the
quality requirements of AWS D14.6, Section 7, have been satisfied.

E.2.11.2.3 All rotor-component butt welds shall be continuous full-penetration welds.

E.2.11.2.4
furnished by
assembly sh

E.2.11.3 Lo

For operatin
temperatures
the minimum
Division 1, |
requirementg

ntermittent welds, stitch welds or tack welds are not permitted on any part of the fan ©r a
the vendor, except as noted in E.2.2.1 and E.3.4.3.5. Such welds used for parts position
bll be removed.

w temperature

g temperatures below —29 °C (- 20 °F) or, if specified by the purchaser, for other lo
, steels shall have, at the lowest specified temperature, an impact strength sufficient to qu
Charpy V-notch impact energy requirements of ASME Boiler and Rressure Vessel Code, S
JG-84. For materials and thicknesses not covered by the Code, the purchaser shall s
on the data sheet.

E.2.12 Nameplates and rotation arrows

E.2.12.1
other major {

\ nameplate shall be securely attached at an easily accessible point on the equipment a
iece of auxiliary equipment.

Ccessories
ing during

v ambient
plify under
pction VIII,
pecify the

hd on any

clude, but

E.2.12.2 The rated conditions and other data shall. be clearly stamped on the nameplate and shall ir
are not limited to, the following:

a) vendor;

b) model nymber;

c) serial nupber;

d) size;

e) type;

f) purchasgr’s equiptment item number (may be listed on separate nameplate if space is insufficient);
g) actual flqwrateyin cubic metres per minute (cubic feet per minute);

h) static preéssare-differentiab-in-mmHEy0-{irH,0):

i) temperature, inlet, in °C (°F);

kilowatts

114

revolutions per minute, rated;
revolutions per minute, maximum allowable (at maximum allowable temperature);

first critical speed;

(BHP) (rated);

centrifugal force, or?, rated;
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rotor mass, in kilograms (pounds);

design operating altitude, in metres (feet) above sea level.

The contract or data sheets shall specify SI, US Customary or other units.

E.2.12.3

E.2.12.4

Rotation arrows shall be cast in or attached to each major item of rotating equipment.

Nameplates and rotation arrows (if attached) shall be of AISI Type 300 stainless steel

or of nickel-

copper alloy (Monel or its equivalent). Attachment pins shall be of the same material. Welding is not permitted.

E.3 Acgd

E.3.1 Ge

The purch

E.3.2 Dr

E.3.21

point condlitions, including external gear and/or coupling losses, and shall be in accordance wi

specificati
under the

E.3.2.2
temperatu
purchaser

E.3.2.3

E.3.2.4
density (fo

Provisions
than norm
temperatu

cases, patticularly at startup.

E.3.25
method sh
shall exce
characteri

E.3.2.6

essories

neral

hser shall specify those accessories to be supplied by the fan vendor.

vers
The type of driver shall be specified by the purchaser. The driver‘shall be sized to meet

bns, as stated in the enquiry and order. The driver shall be Sized and designed for satisfact
Litility and site conditions specified by the purchaser.

Anticipated process variations that can affect the.sizing of the driver (such as changes in

the fan rated
h applicable
bry operation

he pressure,

re or properties of the fluid handled, as well as special plant startup conditions) shall be spégcified by the

Forced-draught fan driver sizing shall cofsider fan performance at minimum ambient temp

Induced-draught fan driver sizing-shall consider possible variations in operating tempera
r example, a cold start).

for flow control, through dampering or speed variation, will allow for startup and operation
al process operating temperature. With these features, the need for greater driver size t
res can be avoided. Operating instructions shall cover the use of dampers or speed cor

The starting.€onditions for the driven equipment shall be specified by the purchaser, an
all be mutually agreed upon by the purchaser and the fan vendor. The driver’s starting-torqu
ed the speed-torque requirements of the driven equipment. The fan vendor shall verify thg
stics of<the*fan and driver are compatible.

Unless otherwise specified, motor-driven fans shall be direct-connected.

erature.

ture and gas

to be at less
b handle low
trol for such

i the starting
E capabilities
t the starting

E.3.2.7

conditions

E.3.2.8

E.3.2.9

For motor-driven units, the motor nameplate rating (exclusive of the service factor) shall be at least
110 % of the greatest power required (including gear and coupling losses) for any of the specified operating

Full load and starting current, system centrifugal force, and curves showing motor speed-torque,
speed-current and speed-power factor shall be provided for each fan drive.

Motor drivers shall be capable of starting the fan, with the control damper in the minimum

80 % of the design voltage applied.
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E.3.3 Couplings and guards

E.3.3.1 Flexible couplings and guards between drivers and fans shall be supplied by the fan vendor, unless
otherwise specified on the data sheets.

E.3.3.2 Unless otherwise specified, all couplings shall be spacers with the spacer length sufficient to allow
removal of the coupling hubs and allow maintenance of adjacent bearings and seals without removal of the shaft or
disturbing the equipment alignment.

E.3.3.3 Each coupling shall have a coupling guard that sufficiently encloses the coupling and shafts to prevent
any personnel access to the danger zone during operatron of the equrpment train. The guard shall be readily
removable fi

E.3.4 Controls and instrumentation

E.3.41 General
E.3.3.1.1 nless otherwise specified, controls and instrumentation shall be designed-for outdoor installation.

E.3.3.1.2 he fan vendor shall provide fan performance data (in accordance with*E.5) to enable the pyrchaser to
properly design a control system for startup and for all specified operating conditions. If specified by the purchaser,
the fan vendor shall review the purchaser’s overall fan control system for-eompatibility with fan vendof-furnished

E.3.4.2 Control systems

E.3.4.2.1 he fan may be controlled on the basis of inlet pressure, discharge pressure, flowrate, or some
combination pf these parameters. This may be accomplished by suction or discharge throttling, or speed variation.
The purchasgr shall specify the type and source of the control signal, its sensitivity and range, and the pquipment
scope to be furnished by the vendor.

E.3.4.2.2 For constant-speed drive, the control signal shall actuate an operator which positions the inlgt or outlet
damper.

E.3.4.2.3 For a variable-speed drivethe’ control signal shall act to adjust the set point of the drivgr's speed-
control system. Unless otherwise specified, the control range shall be from the maximum continuous spegd to 95 %
of the minimum speed required fer\any specified operating case, or 70 % of the maximum continudus speed,
whichever is|lower.

E.3.4.2.4 The full range.6f the purchaser’s specified control signal shall correspond to the required operating
range of the|driven equipment. Unless otherwise specified, the maximum control signal shall corresppnd to the
maximum cohtinuous speed or the maximum flowrate.

E.3.4.2.5 Jnless otherwise specified, facilities shaII be provided to automatically open or close (as spgcified) the
dampers or \
their last post C St we
consideration, and the assocrated controls shaII be arranged to avord creatrng hazardous or other undesirable
conditions.

E.3.4.2.6 Unless otherwise specified, the fan vendor shall furnish and locate the operators, actuator linkages and
operating shafts for remote control of the dampers or variable-inlet vanes. Operator output shall be adequate for
the complete range of damper or variable-inlet vane positions. The proposed location of operator linkages and
shafts shall be reviewed with the purchaser for consideration of maintenance access and safety.

E.3.4.2.7 External position-indicators shall be provided for all dampers or variable-inlet vanes.
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E.3.4.2.8 Unless otherwise specified, pneumatic activators shall be mechanically suitable for an air gauge
pressure of 860 kPa (125 psi) and shall provide the required output with an air gauge pressure as low as 410 kPa
(60 psi).

E.3.4.3 Dampers or variable-inlet vanes

E.3.4.3.1 Frames for inlet dampers (unless integral with the inlet box) and outlet dampers shall be flanged and
drilled airtight steel frames for tight-fitting bolting to the fan or ductwork. Dampers shall have either parallel or
opposed blades, as specified by the purchaser for the required control. Damper blades shall be supported
continuously by the shafts. No stub shafts are allowed. Damper shafts shall be sealed or packed to limit leakage,

except for

atmospheric air inlet dampers.

E.3.4.3.2

If specified by the purchaser, the fan vendor shall state the maximum expected leakage

through the

closed damper or vanes, at the operating temperature and pressure specified by the purchaser~The stfated leakage

shall corre

E.3.4.3.3
single ope
manually §

E.3.4.3.4

spond to pressure and temperature differentials expected with the fan operating.

Unless otherwise specified, the damper or variable-inlet vane mechanisms shall be intercg
rator. The operating mechanism shall be designed so that the dampers_or‘variable-inlet
ecured in any position.

Variable-inlet vane-operating mechanisms shall be located outside the flowing gas

nnected to a
anes can be

stream. The

mechanisin shall be readily accessible for in-place inspection and maigtenance, and be of bolted attachment

constructid
operation.

E.3.4.3.5
side of the

n to permit removal if necessary. Provision shall be furnishéd)for lubrication of the mech

Variable-inlet vanes shall be continuously welded to the spindle or intermittently welded
blade with full slot welds along the full length of the front side.

E.3.5 Piping and appurtenances

Bnism during

on the back

E.3.5.1 Inlet trash screens

Inlet trash|screen(s) to prevent entry of debris)shall be provided for forced-draught fans handling atmospheric air.
This scregn shall be fabricated from wire of minimum diameter 3 mm (1/8 in), with a mesh of 3§ mm (1,5 in)
nominal opening. The screen shall be suitably supported by cross-members. Rain hood(s) shall be| provided on
vertical inlets. Screen supports and-rain hoods shall be of galvanized carbon steel or coated in accprdance with
E.3.6.1.1. [Trash screen shall be of 300 series stainless steel.

E.3.5.2 Bilencers and inletyducts

E.3.5.2.1 | The differential pressure across each inlet or exhaust silencer shall not exceed 20 mm (0,8 in) water
column.

E.3.5.2.2 | Silencers shall be designed to prevent internal damage from acoustic or mechanical resonances.
E.3.5.2.3 —Winerat~woot fibre Insutation shatimot be Used n sftencer construction.

E.3.5.2.4 Carbon steel construction shall be of 5 mm (3/16 in) minimum thickness plate. Corrosion allowance

and alternative material, if required, shall be specified by the purchaser.

E.3.5.2.5

Main-inlet duct and silencer connections shall be flanged.
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E.3.6 Coat

E.3.6.1

E.3.6.1.1

2001(E)

ings, insulations and jacketing

Coatings

Unless otherwise specified, if constructed of carbon steel, low-alloy steel or cast iron, the following

areas shall be cleaned in accordance with ISO 8501-1 and then painted with a 75 um (0,003 in) dry film thickness
of inorganic zinc:

a) internal surfaces of forced-draught fan intake ducts and accessories, fan housing and internals;

b) internal surfaces of induced-draught fan housing, inlet box(es), discharge connection and accessories;

c) external| nonmachined surfaces of all bearing pedestals and bearing housings, fan housings,| inlet and
discharde connections and accessories on both insulated and uninsulated units. Apply afterall’ external shop
weldments are complete.

E.3.6.1.2 (Coatings shall be selected to resist deterioration and fume generation at the' maximum spdcified inlet

gas temperature.

E.3.6.2 Ingulation and jacketing

E.3.6.2.1 nsulation clips or studs shall be shop-welded on all fan_housings, inlet boxes- and |discharge

connections where normal operating temperature is 83 °C (180 °F) or digher, or if acoustic insulation|of fans is

required. Un|ess otherwise specified, the clips or studs shall be designed and installed for a minimum| insulation
thickness of 50 mm (2 in).

E.3.6.2.2 The insulation shall maintain a maximum jacket-sttface temperature of 83 °C (180 °F) at|zero wind

and 27 °C (80 °F) ambient conditions. The purchaser shall'specify the type of insulation and jacketing. This

material may| be supplied and field-installed by other than_the‘fan vendor, unless otherwise specified.

E.4 Examijnation, testing and preparation for shipment

E.4.1 Examination

E.4.1.1 Mg4terial examination

If radiograph
materials is

specified by
E.4.1.2 Ra

The method

ic, ultrasonic, magnetic-particle or liquid-penetrant examination of welds, cast steel an
specified by thepurchaser, the criteria in E.4.1.2 through E.4.1.5 shall apply, unless other
he purchaser./€ast iron may be inspected in accordance with E.4.1.4 and E.4.1.5. Refer to |

diography

0 wrought
Criteria are
F2.11.1.2.

hnd,acceptance criteria for radiography shall be in accordance with the pressure design codf.

E.4.1.3 Ultrasonic examination

The method and acceptance criteria for radiography shall be in accordance with the pressure design code.

E.4.1.4 Magnetic particle examination

The method and acceptance criteria for radiography shall be in accordance with the pressure design code.

E.4.1.5 Liquid-penetrant examination

The method and acceptance criteria for radiography shall be in accordance with the pressure design code.
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E.4.1.6 Mechanical inspection

a) If specified by the purchaser, centrifugal fans shall be shop-assembled prior to shipment. Drivers (if provided)
and other auxiliaries shall be included in the shop assembly as specified. The purchaser shall be notified prior
to completion of shop assembly to permit inspection prior to disassembly (if required) and shipment. If
disassembly is required for shipment, all mating parts shall be suitably match-marked and tagged for field
assembly. All equipment shall be furnished completely assembled to the maximum extent, limited only by the
requirements of shipping.

b) During assembly of the system and before testing, each component (including cast-in passages of these
components) and all piping and appurtenances shall be cleaned to remove foreign materials, corrosion
prodL‘ tO (JIIGI III;” OUG:U

c) If spefified by the purchaser, the hardness of parts and heat-affected zones shall be verified-ag being within
the allowable values by testing. The method, extent, documentation and witnessing of the tegting shall be
mutuglly agreed upon by the purchaser and the vendor.

E.4.2 Tepting

E.4.21 (General

If specified by the purchaser, the centrifugal fan equipment shall be tested;¢he minimum test requirements shall be

as listed ip E.4.2.2. Additional requirements for a shop or field test shall be provided by the purchaserl. AMCA 210,

AMCA 203, AMCA 802 and AMCA 803 may be used as the basis fortesting.

Many fan |Imanufacturers do not have the capability to performZshop mechanical-run tests except op the smaller

units. Thel need for a shop test, along with the capability*of vendors to perform the test, should| be carefully

considered before imposing such a requirement. At least six weeks before the first scheduled test, th
shall submit to the purchaser, for his review and commeént, detailed procedures for all running te
acceptance criteria for all monitored parameters. The fan vendor shall notify the purchaser not |
working days before the date the equipment will"be ready for testing. Equipment for specified t
provided hy the fan vendor. Acceptance of shop,tests does not constitute a waiver of requirements
performanice, under specified operating cohditions, nor does inspection relieve the vendor of

responsibilities.

E.4.2.2 echanical running test

If other tegt details are not specified, the testing shall include the following as a minimum.
The fgn shall be operated from 0 % to 115 % of design speed for turbine drives and at 100 % or

for other drives. Operation shall be for an uninterrupted period of 2 h, with stabilized bearing tem
bearing performance and vibration.

ion,and function of fan instrumentation and controls shall be demonstrated to the extent pra

e fan vendor
5ts, including
ss than five
sts shall be
to meet field
BNy required

rated speed
peratures, to

Ctical.

mechanical run test.

erature data.

Bearings shall be removed, inspected and, if required, reassembled in the fan after completion of a satisfactory

All oil pressures, viscosities and temperatures shall be within the range of operating values recommended in

the vendor’s operating instructions for the specified unit being tested. Oil flowrates for each bearing housing

shall be determined.

All bearings shall be pre-lubricated.
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E.4.23 An

2001(E)

alysis of rotor response

If specified by the purchaser, the rotor response analysis defined in E.2.7.4 shall be confirmed on the test stand.

E.4.3 Prep

E.4.3.1

aration for shipment

Equipment shall be suitably prepared for the type of shipment specified, including blocking of the rotor

if necessary. If specified by the purchaser, the equipment shall be prepared so that it is suitable for six months of
outdoor storage from the time of shipment. If storage for a longer period is contemplated, the vendor shall provide
recommended protection procedures.

E.4.3.2
accomplishe
specified by

E.5 Vends

E.5.1 Data

The following

a) copies of
b) utility req

net and
identifica

c)

d) typical d

e) preliming
E.5.2 Data

E.5.2.1

Preparation for shipment shall be made after all testing and inspection of the equipment
] and the equipment has been approved by the purchaser. The shipping preparation
he purchaser.

br’s data

required with proposals

data are required with the vendor’s proposals:

the purchaser’s data sheets with vendor’s complete fan information entered thereon;
uirements, including lubricant:

maximum operating and erection masses and maximum normal maintenance masses,
tion;

awings and literature to fully describe offering details;

ry performance curves as described-in E.5.2.1.

required after contract

The fan vendor shall provide“complete performance curves to encompass the map of operg

any limitatios indicated thereon. The fan vendor shall provide, as a minimum, fan static pressure/ca

horsepower/
efficiency/ca
maximum, m|

E.5.2.2
necessary tg
curve shall b

tapacity curves forc300 %, 80 %, 60 %, 40 % and 20 % damper position settings; and
bacity curves. Where gas temperature variations are specified, separate curves shall be p
inimum and nofmal operating temperatures.

For variablesspeed fan systems, the performance curves shall illustrate the degree of spe
attain<ratéd, normal and 50 % of normal flowrates. If additional turndown is specified, an
b provided.

has been
5 shall be

with item

tions, with
bacity and
fan static
ovided for

ed control
illustrative

E.5.2.3

L £ ! ! ! ;e ! 4 [Tl PO % ;e
IS LCUrves 10T Udlmipitu difu vdaliduic=spPCtU SYSITITTS Slidll LUTNTAIT d SYSITITT TT3Is Al U

> curve to

illustrate the degree of control necessary to attain each operating point, and shall correspond to the geometry of
equipment as installed.

E.5.2.4

within the vendor’s scope of supply, shall be provided.

E.5.2.5
motor-driven

fan under full-voltage across-the-line starting conditions, the fan vendor shall provide

a) full load and starting currents,

b) curves for motor speed versus torque, versus current, and versus power factor,

120

Fan static efficiency versus speed curves for variable-speed fan systems (including fan and drivers),

Unless otherwise specified, the fan vendor shall provide fan and drive centrifugal force. For each
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c) allowable number of cold starts, hot restarts, or both, per hour, and any at-rest period required,

d) curve

of system acceleration time versus current,

e) the recommended acceleration or deceleration rate for the variable-frequency controller for each motor-driven
fan under controlled-frequency starting conditions,.

f) preliminary outline and arrangement drawings and schematic diagrams,

g) startup, shutdown or operating restrictions recommended to protect equipment,

h) spare

i) list of

j) shaft geal details,

k) certifigd drawings, including outline and arrangement drawings and schematic diagrams,
1) shaft goupling details,

m) data on cold-alignment setting and expected thermal growth.

n) detaild of damper linkages and control systems, including torque .or¢power requirements,

o) compl

p) parts |

q) instrugtion manuals covering installation, final tests and checks, startup, shutdown, operatin
reconimended operating and maintenance procedures.

arts Tecormmmendations, mctuding drawings, part Tampers and materiats;

special tools included or required,

bted as-built data sheets,

sts for all equipment supplied,

g limits and
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Annex F
(informative)

Air preheat systems for fired process heaters

F.1 General

This annex

heaters. Details of fired heater design are considered only where they interact with the air preheat syste
This annex does not provide rules for design but indicates areas that need attention and offers calculatio
to check the puitability of systems or equipment.

The systemg discussed in detail are those currently in common use in the industry andhit<s not intende
that other systems are not recommended. Many of the individual features dealt with\in these guidelin
applicable to|any type of air preheat system.

Standards a
changes to t
vendor.

F.2 Gene

F.2.1 Facts

A number of
discussed he

Combustion
should be cd
with increass
would otherw

In some cas
operation is

draught (flue
preheat syst
carefully con

hardware temperatures and higher process film temperatures, possibly leading to unacceptable degn

coking.

rovides guidelines for the selection or evaluation of air preheat systems applied to-firg

d publications referenced in this informative annex are listed iy the’ Bibliography. The app
nese documents that occur after the enquiry shall be mutually"agreed upon by the purchas

ral factors in selecting an air preheat system

brs affecting system applications

general factors should be considered in“selecting an air preheat system. Those general
re. F.4 covers specific factors for selecting particular types and features of air preheat syste

hir is usually preheated to increase fired-heater efficiency, and the effectiveness of such air
mpared with providing additienal convection-section surface. Air preheating becomes more
d fired-heater process inlet_ temperature or duty. An air preheat system allows recovery o
ise be lost with the stack'gases.

bs, air preheating-may allow an increase in fired-heater capacity or duty. For example, if f
imited by a large~flame envelope or poor flame shape (flame impingement on tubes) or by i
gas removal(limitations), the addition of an air preheat system can increase heater capac
bm equipment can overcome these limitations; however, mechanical and process factors
Sidered as.a result of the increase in radiant heat flux. These factors include higher tube &

b

d process
m design.
h methods

d to imply
es will be

icability of
er and the

ctors are
S.

preheating
attractive
f heat that

red-heater
hadequate
ty. The air
should be
nd firebox
adation or

An economic analysis is generally required to justify an air preheat system, but consideration should also be given
to the effect of adding air preheat on operating conditions. The economic analysis should compare the installed
cost, the cost of required power, and maintenance costs with the value of expected fuel savings and/or increased
capacity. In the case of a retrofit, the installed cost should include the cost of downtime of the heater for the
installation to take place.

Preheating of combustion air may provide the following advantages:

reduced
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improved control of combustion air flow;

oil burner fouling;
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— better flame pattern control;

— more complete combustion of difficult fuels.

Preheating of combustion air has the following disadvantages:

— increased potential for corrosion of components in the flue stream due to sulfur trioxide (SO3) attack;
— formation of acid mists, resulting in stack plume, if sulfur content of fuel is high;

— increased maintenance requirements for mechanical equipment;

— incregsed concentration of nitrogen oxide in the flue gas;

— reduckd stack effluent velocity and thermal rise of flue gases, if the existing stack is utilized’in a refrofit.
F.2.2 Types of air preheat systems

F.2.21 (General

Many typgs of air preheat systems and designs are available, including both direct and indirect. The|regenerative
and recuperative designs are examples of direct air preheat systems, where heat transfer takes place from the
existing flye gas to the incoming combustion air. Indirect systems use an intermediate fluid to absorb heat from the
exiting flug gas and then to release it to the incoming combustion @air,"One other system uses an exterpal source to
heat the cpmbustion air without cooling the flue gas.

Air preheat equipment always imposes a resistance to air flow and usually to the flue-gas flow. It is normally
necessary| to use mechanical equipment, such as fans of’blowers, to overcome these resistances. Fgrced-draught
(FD) fans pre used to supply the combustion air and, where required, induced-draught (ID) fans are used to remove
the flue gdgs.

Some types of air preheaters are availableas proprietary systems or designs that often proyide specific
arrangements that may be advantageous in certain processes.

F.2.2.2 Direct air preheaters

F.2.2.2.1 | Regenerative air preheater

A regenergtive air preheaterontains a matrix of metal or refractory elements, which may be stationafy or moving.
For fired pgrocess heaterapplications, the commonly used regenerative air preheater has the elementg housed in a
rotating wheel. The elements are alternately heated in the exiting flue gas and cooled by the incomingg combustion
air. Figure|4 shows:flows and arrangements for a typical system.

F.2.2.2.2 | (Recuperative air preheater

A recuperative air preheater has separate passages for the flue gas and the air, and heat flows from one to the
other through the walls of these passages. The configuration is typically in the form of a tubular or plate heat
exchanger in which the passages are formed of tubes, plates, or a combination of tubes and plates clamped
together in a casing. The system shown in Figure 4 is also typical of a recuperative preheater.

F.2.2.2.3 Heat-pipe air preheater
A heat-pipe air preheater involves a number of banks of sealed heat pipes in which a heat-transfer fluid vaporizes

in the parts of the tubes in the flue gas and condenses in the parts of the tubes in the air. Figure 4 shows the
system diagram for a heat-pipe unit.
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F.2.2.3 Indirect air preheaters

An indirect system typically has separate tube banks in the flue-gas and combustion air streams, and pipes
carrying a heat-transfer fluid join one to the other. The heat-transfer fluid absorbs heat from the flue gas, flows to
the tubes in the air stream, and releases heat to the combustion air there. The heat-transfer fluid is contained in a
closed system and moves naturally or is moved by pumps. A forced circulation (or pumped) system is shown in
Figure 5.

F.2.2.4 External heat-source air preheater

An external heat-source air preheater design uses a “once-through” flow of utility or process fluid in a tubular coil
located in th¢ air stream. Figure © illustrates such a system.

F.2.3 Factors affecting air preheat system choice

Some of the [factors, other than cost and efficiency, that should be considered when selecting‘the most gppropriate
type of air preheat system include

a) availablg plot area for the ducts, fans, and heat transfer device or devices,
b) ability toservice the air preheat system with minimum impact on the operating 'schedule of the fired hpater,
c) design fdatures that minimize fouling or its effects or that provide on-stream cleaning capability,

d) air leakdge into the flue gas as it affects corrosion of downstream equipment, consumption of power, and
provision of adequate air for design combustion conditions,

e) leakage pf heat-transfer fluid as it affects the safety of fired heater operation,
f) limitations on maximum exposure temperatures,

g) burner Igcation and arrangement,

h) possible jneed for alternate natural-draught operation and the heater duty required in the natural-draught mode,
i) ease of gwitching safely to an alternative operating condition in the event of a component failure,

j) potentiallseverity of cold-end corrosion and the methods available to reduce the impact of corrosion,
k) feasibility of enlarging the air preheat system capacity to handle future increases in process requirements,
[) effect of ferminal temperatlres on the available system efficiency,

m) effect of purner type (foreed versus natural draught).

F.3 Interaction’of air preheat system with fired heater

F.3.1 Process design

The interaction of the air preheater with the fired heater, in process terms, is particularly important in the case of a
retrofit, but the same considerations apply in the case of a new installation. If an existing heater with unaltered
heat-transfer surface is to be retrofitted with an air preheat system and yet perform the same duty, the average flux
in the radiant section will be increased as will the bridgewall temperature. A process check should be carried out to
ascertain what the new conditions will be, and a revised data sheet should be prepared that reflects the new design
conditions.

In re-examining the data sheets and checking the process design, the excess air and radiation loss values should
be reviewed. The excess air can be reduced by taking advantage of the better control afforded by forced-draught
combustion air supply. If effective insulation is employed, it may be more realistic to reduce the radiation loss value.
If the additional surface area in the form of ductwork increases the heat loss, it may be more realistic to increase
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the radiation loss value. The process check involves an iterative procedure since the hot-air temperature will
depend on the flue-gas exit temperature and vice versa. As a result of these interactive features, it is clear that one
cannot simply decide to preheat some air.

F.3.2 Burners

Even in the case of a retrofit, it is usually necessary to replace the burners. This selection should be used as an
opportunity to achieve other objectives as well, for example greater flexibility in fuel use, noise reduction, better
control, and nitrogen oxides (NO,) reduction.

If natural-draught operation is required (and at what level) upon equipment failure, the type of burner is selected
and sized|on this basis; then combustion air pressure should be established for the preheat conditign. If natural-
draught operation is not a requirement, then there is a greater flexibility in the choice of bumers.

If the air
alloys. In
are made.

ted of exotic
rrangements

reheater will have to function at high air temperatures, burners may need to b&-construg
ddition, difficulties may arise with the damper or burner register operation, unless special g
If a limitation on NO,. emissions applies, air preheat temperature may have to be limited.

F.3.3 Draught
prational and
n of the fans
entioned, but

Most air preheat systems employ forced/induced-draught (balanced-draught)-operation. For both op
safety reapons, some alternative means of providing draught must be available upon loss of operatio
or the air preheater. The natural-draught alternative for the combustion.air supply has already been m

there are

of standby

In the cas|
and induc

bther techniques that do not place so great a restriction on.burner selection. These include
drivers, standby fans and shutdown systems.

e of induced-draught removal of the exhaust gases, a damper system that bypasses the
bd-draught fan and allows the exhaust gases to~escape directly is normally provided. The

the provision

ir preheater
stack height

should be [selected to maintain a negative firebox pressure at a specified percentage of design load.

F.3.4 Linings and heat loss

Since air
ducts, fan
checked 3

breheat is generally justified on fuel savings, sources of heat loss should be identified. THe addition of
5 and the air preheater increases the surface from which heat loss can occur. The linings should be
hd possibly renewed, since(réducing heat loss also improves efficiency and reduces costs.

F.3.5 Cgnvection section

In some cases, the efficiency-of an existing heater is so low that other problems can arise. These problems may be

solved by pdding convection surface area. Additional convection surface area may be justified if

a) air terperature must be limited to control NO, emissions, to handle high radiant flux, or fof mechanical
consiglerations,

b) the aitpreheaterselected-cannottoleratehigh-flue-gastemperatureleavingtheheater—Additienal convection

surface may be added to reduce this temperature to acceptable levels.
In either of these two cases, the process design considerations are similar to those for a new heater, and freedom
can be exercised in choosing flue-gas temperature. This flexibility in the choice of hot-air temperature arises

because the final exit flue-gas temperature can be selected without the preheated-air temperature becoming a
limiting factor.

F.3.6 Mechanical design
In the case of a retrofit, checks should be carried out on the mechanical components of the heater to

a) determine if mechanical components are suitable for the new conditions,
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b) determine if significant deterioration has taken place,

c) consider changes in design codes that may have taken place since the original heater was designed and

installed

Components

that may be affected by these checks include tube supports and guides.

F.4 Selecting an air preheat system

F.4.1 Reg

F4.11 PI

The require

preheater an
may have to
the fired hea
Means to red
a) stacking
b) using aV
c) using du
d) providing
F.41.2 Se
The air preh

maintenance
heat-transfer

t area

plot area is comparatively large because of the need to connect air and fluegas ducting
to the forced and induced-draught fans. If air flow measurements are to be'made, air dug]

be increased to improve accuracy. The air preheater and fans should be ‘mounted indepe

er structure; that is, integration is generally impractical.

uce the plot area and ductwork at grade include

fans,

ertical-shaft air preheater,

Ct-over-duct or side-by-side air preheater arrangements,

axial-flow fans.

Fviceability

cater is mounted independently of the fired heater; therefore, the system is easily design

of the preheater has little impact on heater operation if natural-draught capability is pro
surface can readily be reversed or replaced. Access should be provided at all four duct c

for service apd maintenance.

F.413 Fo

Heat-transfe
sootblowing
liquid fuels a

Fouling of th
the unit.

uling and cleanability

surface designs~that minimize fouling are available. If fuels other than clean gas
And water-washing facilities can be provided. Regular on-line sootblowing is recommended
e fired.

b heat-transfer surface affects thermal performance, and results in an increase in pressure d

to the air
fing length
ndently of

ed so that
ided. The
bnnections

are fired,
whenever

[Op across

F.4.1.4 Effects of air leakage into the flue gas

Air leakage into the flue gas is an inherent problem in the regenerative air preheater. Predicted leakage data at the
design conditions should be provided by the air preheater manufacturer. The reduction in flue-gas temperature
resulting from this leakage should be considered when evaluating means to handle potential for low-temperature
corrosion downstream of the air preheater and the air preheat system.

F.4.1.5 Limitations on maximum exposure temperature

The manufacturer should provide recommended service temperature limits. The limits are generally set by

metallurgical
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considerations.
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F.4.1.6 Cold-end corrosion of the air preheater

Cold-end seal corrosion may result in increased air leakage. Other effects can include a change in pressure drop
and a small reduction in heat recovery. To overcome these effects, the cold-end heat-transfer surface can be
reversed or replaced on a scheduled basis.

Techniques to reduce cold-end corrosion include

a) cold-air bypassing,

b) cold-air preheating ahead of the air preheater,

c) hot-air
d) use of
e) use of

As with al
corrosion

causes, has little impact on the operability of the fired heater. The increase of ‘combustion-air leakag

gas strear

F.41.7

recirculation,
low alloy corrosion-resistant steel,
ceramic-coated heat-transfer surfaces.

air preheat systems that recover heat from flue gas, the protection of-the downstream eq
should be considered. Failure of the heat-transfer elements, whether'due to cold-end corro

N, unless significant, should not be sufficient to force firing reductions on the fired heater.

Burner location and arrangement

lipment from
sion or other
e to the flue-

Systems ysing ducts to transport combustion air from the air_preheater to the burners are most atfractive if the

burners ar
extensive

F.4.1.8

If air preh
much as i
design ing

readily handled by the fans without having an impact on the fired heater duty.

F.4.1.9

If an incre

be considgred:

a) provid

b) using
curve

e grouped and can be arranged in one or two adjacent plenums. Widely separated burner g
ductwork.

Fffects of terminal temperature
pater elements corrode and foul, the\reduction in air preheater performance, generally, v

n other systems. Fired heater capacity usually will not be affected. Normal regenerative
ludes an allowance for leaking_air flows, and the additional leakage caused by leaking of

ncreasing air preheater-capacity

bse in the fired héater capacity or a fuel change is anticipated in the future, the following o

ng a regé€nerative air preheater that has additional rotor depth capacity suitable for future op

oups require

ill not be as
pir preheater
the seals is

ptions should

erations;

\variable-speed drivers on the fans to conserve horsepower during initial operation. The

5 should be satisfactory for all cases;

an operating

c) designing ducts for future flow, temperature and pressure requirements.

F.4.1.10 Operation without fans

If natural-draught burners with low draught loss are provided, it is possible and practical to achieve the design fired-
heater duty without the fans in service. Flue gas and air will need to bypass the air preheater. The stack height and
cross-sectional area should be adequate to provide the necessary draught for the natural-draught case.
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F.4.1.11 Bu

rners

The pressure differential across the air preheater causes air to leak into the flue gas. Thus additional fan capacity
and horsepower are required. The use of forced-draught burners with high pressure drop increases that pressure
differential and the rate of air leakage.

F.4.2 Recuperative air preheat system

F.4.21

The require

Plot area

plot area is comparatively large because of the need to connect air and flue-gas ductin

to the air

preheater an
length may n

Means to red
a) stacking
b) locating

c) using toq

F.42.2 Se

If the air pref
has little imp

Access shou
parts, seals ¢

If the air pre
fired-heater g

F.4.23 Fo

The combus

d to the forced and induced-draught fans. If air flowrate measurements are to be made,
eed to be increased to improve accuracy.

uce the plot area and ductwork at grade include
fans,
he recuperative air preheater with the fired-heater convection section,

connections on grade-located recuperative air preheaters to minimize ductwork at grade.

Fviceability

pir-ducting

eater is mounted independently of the fired heater, the system is easily designed so that maintenance

bt on the fired heater operation if natural-draught capability is provided.

d be provided at all four duct connections for gérvice and maintenance. There are no moto|
r elements to be maintained.

I's, moving

heater is located with the fired-heater.convection section, maintenance cannot be performped during

peration.

uling and cleanability

ion air and flue gas arelcompletely separated, so fouling is usually limited to the flue-ga

ample flow path is required to minimize loss of draught or air flow should fouling occur. Cleaning @
ties can be provided_The manufacturer should be consulted on the advisability of on-line cl¢aning.

washing faci

Fouling of th
unit. Access

b heat-transfer,sutfaces reduces thermal performance and may increase the pressure drop
for off-line cleaning should be considered in the duct design.

F.4.2.4 Effiects of.air leakage into the flue gas

Recuperative

5 side. An
nd water-

across the

air preheat systems are usually designed for no air leakage. If substantial leakage does

occur, the

loss of air to the burners will reduce the fired-heater capacity and the temperature of flue gas to the stack.

F.4.2.5

Limitations on maximum exposure temperature

The manufacturer should provide recommended service temperature limits. The limits are generally set by

metallurgical

and thermal expansion considerations.

F.4.2.6 Cold-end corrosion of the air preheater

Metal temperatures at the coldest point need to be maintained above the acid dew point to prevent corrosion;

alternatively,

128

corrosion-resistant materials may be used.
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Severe corrosion of the heat-transfer surface can result in a change in pressure drop, a reduction in heat recovery,
and a loss of fired-heater capacity.

Techniques to reduce cold-end corrosion include
a) cold-air bypassing,
b) cold-air preheating ahead of the air preheater,

¢) hot-air recirculation,

d) use of ceramic-coated or ganQ cold-end heat-transfer surface

e) increaping the ratio of total surface on the flue-gas side to that on the air side.

As with alljair preheating systems that recover heat from flue gas, the protection of the downstream equipment from
corrosion $hould be considered.

F.4.2.7 Burner location and arrangement

Systems ysing ducts to transport combustion air from the air preheater to the burners are most atfractive if the
burners arne grouped and can be arranged in one or two adjacent plenums_Widely separated burner gfoups require
extensive fductwork.

F.4.2.8 Effect of terminal temperatures

If element$ corrode and foul as a result of low flue-gas temperature, air preheater capacity is reduced| Fired heater
capacity may also be reduced.

F.4.2.9 |Increasing air preheater capacity

If an increpse in the fired-heater capacity or a.fuel change is anticipated in the future, the following options should
be considgred:

a) select|ng a recuperative air preheater\that can have elements added. Provision for adding elements usually has
to be Jncluded in the original air-preheater design;

b) using |variable-speed drivers_on the fans to conserve horsepower during initial operation. The fan operating
curvep will need to satisfy.all cases;

c) designing ducts for future flowrate, temperature and pressure requirements.

F.4.2.10 Dperation.without fans

If natural-qraught burners with low draught loss are provided, it is possible and practical to achieve the|design fired-
heater duty without the fans in service Air needs to bypass the air preheater and be induced by thel heater-stack
draught. If the air preheater is located below the heater flue-gas outlet, flue gas needs to bypass the air preheater
and be exhausted by the available stack draught. If the air preheater is located with the convection section,
operation without the air to cool the air preheater may not be possible. Alternatively, higher draught loss may limit
operation to a reduced capacity.

F.4.3 Heat-pipe air preheat system

F.4.3.1 Plot area
The required plot area is comparatively large as a result of the need to connect air and flue-gas ducting to the air

preheater and to the forced and induced-draught fans. If air flowrate measurements are to be made, the air-ducting
length will usually need to be increased to improve accuracy.
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Means to reduce the plot area and ductwork at grade include

a) stacking

b)

fans,

locating the heat-pipe air preheater with the fired-heater convection section,

c) providing a geometry that accommodates different duct arrangements,

d) using axi

al-flow fans.

F.4.3.2 Serviceability

If the air preh
has little imp

Access shou
There are no

If the air pre
fired-heater ¢

F.433 Fo

The combus
flow pathis r

Sootblowing
coil of the fir
cleaned.

Fouling of th
the unit.

Access for off-line cleaning should be considered in the duct design.

F.4.3.4 Effects of air leakage into, the flue gas

Heat-pipe aif
air to the bur

F.4.3.5 Lin

The manufa

pct on fired-heater operation if natural-draught capability is provided.
d be provided at all four duct connections for service and maintenance.
motors, moving parts, seals or elements to be maintained.

heater is located with the fired-heater convection section, maintenance’ cannot be condug
peration.

uling and cleanability

ion air and flue gas are completely separated, so that fouling is limited to the flue-gas side
equired to minimize loss of draught or air flow should.feuling occur.

lanes should be provided and sootblowers installed whenever they are also installed in the
bd-heater. On-line cleaning of the air preheatér-should be carried out whenever the conveg

b heat-transfer surfaces reduces the thermal performance and may increase the pressure |

preheat systemscare usually designed for no air leakage. If substantial leakage does occur,
hers reduces the fired-heater capacity and the temperature of flue gas to the stack.

hitationston' maximum exposure temperature

eater is mounted independently of the fired heater, the system is easily designed so that mlintenance

ted during

An ample

convection
tion coil is

DSS aCross

the loss of

cturershould provide recommended service temperature limits. The limits are gener

metallurgical

lly set by

and thermal expansion considerations. Additionally, for the heat pipe, the temperature of the working

fluid should be Timited to avoid degradatfion and/or overpressure.

F.4.3.6 Cold-end corrosion of the air preheater

Metal temperatures at the coldest point should be maintained above the acid dew-point to prevent corrosion.

Severe corrosion of the heat-transfer surface can result in a change in pressure drop, a reduction in heat recovery,
heat-transfer fluid leaks and a loss of fired-heater capacity. If a leak of working fluid occurs, a safety hazard may

result.

Techniques to reduce cold-end corrosion include

a) cold-air bypassing,
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b) cold-air preheating ahead of the air preheater,
¢) hot-air recirculation,

d) increasing the ratio of total surface on the flue-gas side to that on the air side.

As with all air preheat systems that recover heat from the flue gas, the protection of the downstream equipment
from corrosion should be considered.

F.4.3.7 Burner location and arrangement

Systems Lcilly ductsto transport combustionair-from-theait plchcatcl totheburners—aremostattractjve if burners
are grouppd and can be arranged in one or two adjacent plenums. Widely separated burner.grpups require
extensive puctwork.

F.4.3.8 Effect of terminal temperatures

If elements corrode and foul as a result of low flue-gas temperature, there will be a reduction of pir preheater
capacity ahd possibly a reduction of fired-heater capacity.

F.4.3.9 Increasing air preheat capacity

If an increpse in the fired-heater capacity or a fuel change is anticipated-in the future, the following options should
be considered:

a) selecting a heat-pipe air preheater that can have elements added. Provision for adding elements ysually has to
be indluded in the original air preheater design;

b) using |variable-speed drivers on the fans to conserve’ horsepower during initial operation. The fan operating
curves should satisfy all cases;

c) designing ducts for future flowrate, temperatare and pressure requirements.

F.4.3.10 Dperation without fans

If natural-draught burners with low/draught loss are provided, it is possible and practical to achieve |design fired-
heater duty without the fans in setvice. Air needs to bypass the air preheater and be induced by the|heater-stack
draught. Iff the air preheater iscdlocated below the heater flue-gas outlet, the flue gas must bypass the fair preheater
and be exhausted by the available stack draught. If the air preheater is located with the convection s¢ction, it may
not be popsible to operateywithout the air to cool the air preheater and the working fluid. Alternatiyely, draught
losses maly make it possible to operate only at a reduced capacity.

F.4.4 Indirect closed-circulation air preheat system

F.4.4.1 lot area

The overall area is smaller than most other systems if the reheat coil is integrated with the convection section. As a
minimum, plot area is required for the circulation system (surge tank, pumps and piping) and, possibly, fans.

Means to reduce the plot area include
a) mounting the induced-draught fan on top of the convection section,

b) locating the forced-draught fan, if required, close to the burner group. Two small fans located at widely
separated burner groups could replace one large fan and extensive ducting,

c) locating the reheat coil in the convection section.
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F.4.4.2 Serviceability
Maintenance cannot be performed on the reheat coil during fired-heater operation unless it is located outside the
fired heater, in which case an induced-draught fan is usually required. If an induced-draught fan is located on the

convection section, it is less accessible for inspection and maintenance. There are no motors or moving parts in the
air preheater, but those on the circulation system require maintenance.

F.4.4.3 Fouling and cleanability

The combustion air and flue gas are completely separated, so fouling is usually limited to the reheat coil.

Cleaning of fhe reheat coil can be handled in the same manner as the convection colil; that is, by the pfovision of

sootblowing |lanes and the use of sootblowers.

Fouling of the heat-transfer surfaces reduces the thermal performance and may increase the préssure Ipss across

the unit.

F.4.4.4 Effects of air leakage into the flue gas

There is no Igakage of air into the flue-gas stream.

F.4.4.5 Limitation of maximum exposure temperature

The heat-trapsfer medium and the coil arrangement should be chosenso that service temperatures do ot exceed
the coking ol degradation limits.

F.4.4.6 Cold-end corrosion of the air preheat system

Metal tempe]
prevent corrq
a higher fluid

Severe corro

F.4.4.7 Burner location and arrangement

Widely sepa
preheater to
piping, rathe

F.4.4.8 Effect of terminal temperatures

ratures at the coldest point in the reheat ceil need to be maintained above the acid de
sion and possible leakage. Heat-transfer{luid can be bypassed around the air coil or coils {
temperature and hence a higher reheat-coil skin temperature.

sion of heat-transfer coils can resultsin a reduction of heat recovery and a loss of heat-transf

ated burner groups do not have to have extensive ductwork to transport combustion air f1
the burners. Separate air-heating coils can be used at each widely separated burner g
than ductwork -isused to transport the heating medium.

If elements g

reduction of ‘ired-heater capacity is possible.

orroderand foul as a result of low flue-gas temperature, air preheater capacity may be redu

w-point to
P maintain

er fluid.

om the air
oup since

ced, and a

F.4.4.9

Increasing air preheat capacity

If an increase in fired-heater capacity or a fuel change is anticipated in the future, the following options should be

considered:

a)

leaving space for additional tubes in the reheat and air heating coils;

b) designing the circulation system (surge tank, pumps and piping) for the anticipated future conditions;

c) using variable-speed drivers on the fans to conserve horsepower during initial operation. The fan operating
curves should satisfy all cases;

d) designing ducts for future flowrate, temperature and pressure requirements.
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F.4.4.10 Operation without fans
If natural-draught burners with low draught loss are provided, it is possible to operate at design fired heater duty. In
some configurations, air needs to bypass the air-heating coil. Systems with the reheat coil in the convection

sections may have limited duty depending on the available draught. Degradation of the working fluid may occur,
unless the reheat coil is drained.

F.4.4.11 Effect of working fluid leakage

If a leak of working fluid occurs, there may be a safety hazard.

F.4.5 External heat-source preheat system

F.4.5.1 lot area

The plot area required is less than that required for the other systems. An air-heating coil, ductwork fand, in some
designs, a|forced-draught fan are used.

F.4.5.2 erviceability

Maintenarice has little impact on fired-heater operation if natural-draught capability is provided.

F.4.5.3 ouling and cleanability

The air-hgating coils can be fouled by airborne dust, pollen and¢so forth unless a filter is fitted. This type of fouling
is not usually significant.

F.4.5.4 Effect of air leakage into the flue gas

There is np such leakage.

F.4.5.5 Limitation on maximum exposure-temperature

Generally|there is no problem.

F.4.5.6 Cold-end corrosion df the air preheater

Since flue|gas is not involyed,/there is no problem.

F.4.5.7 Burner location and arrangement

Widely separatéd-burner groups do not have to have extensive ductwork to transport combustion aiy from the air
preheater |to-the burners. Separate air-heating coils can be used at each widely separated burner|group, since
piping rathersthan ductwork is used to transport the heating medium

F.4.5.8 Effect of terminal temperatures

Fluid stream properties should be considered.

F.4.5.9 Increasing air preheat capacity

If an increase in fired-heater capacity or a fuel change is anticipated in the future, the following options should be
considered:

a) leaving space for additional tubes in the air heating coil or coils or for an additional exchanger;
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b) using variable speed drivers on a forced-draught fan to conserve horsepower during initial operation. The fan
operating curves should satisfy both cases;

c) designing ducts for future flowrate, temperature and pressure requirements.

F.4.5.10 Operation without fans

If natural-draught burners with low draught loss are provided, it is possible to operate at design fired-heater duty
without the fan in service. In some configurations, the air needs to bypass the air-heating coil or coils.

F.4.5.11 Effect of working fluid leak

If a leak of w|

F.5 Safety

F.5.1 Safel

Air preheat s
be isolated fi
dampers. Co
Personnel e
evaluated.

If more than
gas conditior

Emergency 3
forced-draug
personnel wh

Thermal rise
contact with

Periodic ope
equipment a

Temperature
overheating

prking fluid occurs, there may be a safety hazard.

/, operability and maintenance
Y

om the fired heater. Isolation may be by means of slide gates,<guillotine blinds or specially
nsideration should be given to the tightness of closure requiréd)and to means of locking th
posure, the effects of leakage on fired-heater operation, and the accessibility for actuation

one process heater is connected to a common airzpreheat system, it is important to monitd
s at each heater to ensure that each has adequate air supply.

ir inlets should be arranged so that a hot aif-blast will not harm personnel if the doors oper
ht fan is operating. Automatically operated’ air doors should be located so that they do 1
en activated.

and effluent velocity should be evaluated, so that personnel on adjacent structures will not
stack flue gas.

ational checks of the emergency air inlets, the stack damper, the spare fan or fans and othe
e recommended.

-measuring poinis)should be provided in the ducts to and from the air preheater t
br possible presence of fire resulting from a tube rupture in the air preheater.

F.5.2 Ope

The flow elgment for measuring combustion air flowrate should be located so that only combustion
burners is meéastred. No leakage air should be included in the measurement

ability

ystem components that may be entered for maintenance while the-fired heater is in operatjon should

designed
b actuator.
should be

r the flue-

when the
ot contact

come into

I pieces of

p indicate

air to the

If the fired heater is to be fired over a wide operating range, the use of a variable-speed or multispeed fan driver

should be co

nsidered. These drivers can provide improved control, reduce noise and conserve power.

If forced-draught burners are installed, operation on natural draught may not be possible. Operations personnel
should be alerted to this fact.

Cleaning facilities should be provided at the air preheater if liquid fuels are fired. On-line cleaning of the induced-
draught fan may also be desirable.
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F.5.3 Accessibility for maintenance

The most desirable location for duct blinds and dampers is near grade, to limit work on or over an operating fired
heater.

When locating the fans and the air preheater, accessibility for maintenance should be considered.

F.5.4 Performance checks

Temperature- and pressure-measuring points in all flue-gas and air streams entering and leaving air preheater
elements should be provided to monitor performance and fouling.

Pressure-rlneasuring points upstream and downstream of the fans should be provided to assist in monitoring
performanice.

Air prehedter performance may be adversely affected by maldistribution of air or flue-gas flows. Provjsion of ports
to allow Pifot tube checks of entering air and flue-gas flow profiles should be considered.

Where coptinuous flue-gas analysis is required, properly sized and oriented analyser mounting ports need to be
provided.

F.5.5 Air preheat system equipment failure

The prehgat system and auxiliary equipment selected along with (the required operational reliability of the fired
heater shquld indicate the proper action in the event of equipmentfailure. Choices include

a) changjng to natural draught,
b) bypasging the air preheater,
c) activating a spare fan or fans,
d) shutting down the fired heater.

It should Qe remembered that not only-tRe means to change the operation should be provided, but al§o the means
to check that such change has been safely and successfully executed.

F.6 Selecting system-temperatures

eat recovery
g important to
ling cold-end

temperatures at or above acceptable values.

The temperature at which corrosion and fouling become excessive is affected by

a) content of fuel sulfur or other contaminant,
b) fuel or flue-gas additives,

c) flue-gas oxygen content,

d) flue-gas moisture content,

e) combustion temperature,
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f) furnace cleanliness,

g) burner design,

h) air preheater design,

i) ash from heavy residual oils.

It is important to provide means for controlling cold-end temperatures in an air preheat system design because

— ambient conditions change daily and seasonally,

— combustion conditions change with regard to furnace cleanliness, excess air and duty,
— fuel conglitions may change,

— the temgerature at which excessive corrosion and fouling occur is difficult to predict with, precision.

The system fesigner is responsible for assessing the factors that affect cold-end corrosioriand fouling for specific
applications.|[The designer should

— select design temperatures that provide a maximum economic level of heat-recovery for the norma| operating
conditions,

— provide [a system of cold-end temperature control that minimizes/levels of corrosion and fouljng for all
anticipa]ed operating conditions.
h

In general, the selection of hot-end temperatures requires knowledge of equipment and material tgmperature
limitations arld an evaluation of equipment costs and alternative equipment arrangements.

F.6.2 Seleg¢ting cold-end temperatures

F.6.2.1 Cdrrosion and fouling

Corrosion of pir preheater cold-end surfaces is generally caused by the condensation of sulfuric acid vapgur formed
from the conjbustion products of fuel containing sulfur. The acid deposit also provides a moist surface that is ideal
for collecting| particles that foul the air-preheater heat-transfer surface. Consequently, it is desirable to ¢perate air
preheaters af temperatures above the‘acid dew-point level.

F.12 include$ a summary of some-of the significant test work reported in the literature (see also referenges [18] to
[26] in the Bipliography).

F.6.2.2 Cold-end temperature control

1 entering-
air temperature or increases in sulfur trioxide concentration resulting from a change in fuel or combustion
conditions. Three methods of cold-end temperature control for use with regenerative, recuperative and heat-pipe air
preheat systems are discussed in F.6.2.2.2 through F.6.2.2.4. The fourth method, reheat of fluid inlet temperature
control, is only applicable to indirect air preheat systems and is covered in F.6.2.2.5.

F.6.2.2.2 Cold-air bypass

The simplest type of cold-end temperature control is the cold-air bypass, in which a portion of the combustion air is
bypassed around the air preheater. The reduction of combustion air flowrate through the air preheater results in a
reduction in the cooling of the flue gas. This allows the flue-gas exit temperature to be maintained at one level while
other conditions vary, or to be raised, if necessary to avoid too low a metal temperature. Control of the flue-gas exit
temperature can be used to compensate for low entering-air temperature or for increased sulfur trioxide
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concentration. Note that if the control results in a flue-gas exit temperature higher than the design temperature,
control is achieved at the expense of furnace efficiency.

F.6.2.2.3 External preheat of cold air

In this system, the desired cold-end metal temperature is maintained by heating the combustion air, before it enters
the air preheater, with low-pressure steam or some other source of low-level heat. Consideration should be given to
preventing fouling and plugging of the low-level heat unit with atmospheric dust that may be entrained in the

combustion air and to preventing freeze-up of the coil in cold weather.

F.6.2.2.4 _Recirculation of hot air

In this approach, hot combustion air is recirculated to the cold end of the exchanger through the forced-draught fan.
This system increases the size and power consumption of the forced-draught fan.

F.6.2.2.5 | Reheat-fluid inlet temperature control

In the circllating fluid or once through air preheat systems, the temperature of the heat-transfer surfgces exposed
to the flug gases is regulated by controlling the inlet temperature of the fluid being reheated. Depehding on the
system dgsign and configuration, reheat-fluid temperature is increased eithef: by bypassing a portioh of the fluid

around the

F.6.2.3

In most a
heat-trans
of downst
such as ¢
wind cond
temperatu
cold-end t

F.6.2.4

air-heating coil or by decreasing the reheat-fluid flowrate.

Btack temperature control

bplications, the primary emphasis of cold-end temperature control is directed to the tempe
fer surfaces in the flue gas stream. These surfaces.are generally lower in temperature than
eam equipment such as the draught fan and stack. Attention should, however, be given
bld-air leakage, insulation failures, stack downdraughts resulting from low exit-gas velocitie
tions that may result in lower metal temperatures and lead to corrosion. A recommended m
re curve for surfaces exposed to flue gas(is provided in Figure F.1. Any of the four methg
bmperatures (see F.6.2.2.2 through F.6.2.2.5) may also be used to control the stack temperz

Flue-gas dew-point monitoring

For air prgheat systems with the capacity for reducing the stack temperatures below the design te

program d
determina
substantia
measuren

F.6.2.5

f local, periodic flue-gas_dew-point testing may offer considerable economic advantage
ions can be used as a guide for varying the cold-end temperatures. The cold-end metal tg
ly lower than the- exit-gas temperature, so care should be exercised if exit-gas
ent is the only méasurement used to indicate cold-end conditions.

Design and materials options

Regenerative air preheaters

rature of the
the surfaces
to conditions
s, and gusty
nimum metal
ds to control
ture.

mperature, a
5. Dew-point
mperature is
temperature

essure parts

odically. As a
result, regenerative air preheaters may operate at lower metal temperatures than most other types of air preheater.
However, consideration should be given to effects on downstream equipment of the inherent air leakage and the
periodic removal of acidic soot particles during sootblowing.

Regenerative air preheaters are commercially available in standard combinations of carbon steel, low-alloy steel,
and corrosion-resistant enameled steel construction. The manufacturer should be consulted for recommended
cold-end temperature limits.
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ended minimum metal temperature for,eonvection coils, fans, and duct steel exposed to flue gas.

Figure F.1 — Recommended minimum metal temperature

air preheaters are*‘cemmercially available with carbon steel, cast iron and glass elements.
ided in the castiren construction may be modified on the air side of the cold-end elements {
hperatures.

ed with glass elements will accommodate moderate acid condensation and fouling, but co
ven, toorequirements for the removal of deposits by sootblowing and for water washi
cting'downstream equipment. In addition, the risk of breakage of glass elements, particul

;

n fuel, %

[he finning
O increase

sideration
g without
arly during
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cold-end temperatures and materials of construction for specific applications.

F.6.2.5.3

Indirect systems

The heat-transfer surfaces exposed to the fired heater flue gas in indirect systems are generally similar in
construction to and located in the fired heater convection section. The service and construction of these coils make

corrosion an

d fouling very undesirable.

Cold-end temperatures should be selected so that coils always operate with metal temperatures above the flue gas
dew point. A recommended minimum metal temperature curve is shown in Figure F.1.
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F.6.3 Selecting hot-end temperature

F.6.3.1 Regenerative air preheaters

Regenerative air preheaters are generally suitable for maximum inlet flue-gas temperatures up to 540 °C
(1 000 °F). By using special materials and constructions, these air preheaters can be designed for maximum flue-
gas temperatures up to 675 °C (1 250 °F). The manufacturer should be consulted for specific recommendations.

F.6.3.2 Recuperative air preheaters

The standard cast-iron recuperative air preheater is generally suitable for maximum inlet flue-gas temperatures up
to 540 °C|(1 000 °F). By using special materials and constructions, these air preheaters can be [designed for
maximum | flue-gas temperatures up to 980 °C (1 800 °F). The manufacturer should be consulteq for specific
recommerjdations.

F.6.3.3 Indirect systems

The coils |of fluid systems, whether heat pipes or circulating, should be designéd, to avoid degraglation of the
contained |fluid. For heat-transfer fluids, the manufacturer's recommendation férjthe maximum film| temperature
should bg¢ followed. In the case of the heat pipe, the manufacturer “should be consulted| for specific
recommerjdations.

F.6.4 Cdmbustion considerations

F.6.4.1 Radiant-section heat flux

In fired-hejater coil configurations in which both a radiant and a convection surface are present, the preheating of
the combdstion air will increase the average radiant-section flux and reduce the convection-section flux for the
same ovefall absorbed duty. Excessive tube-wall temperatures may result.

F.6.4.2 NO, formation

If all othef factors, such as burner configuration and excess air values, are held constant, the preheating of
combustion air will increase the concentration of NO, in the flue gas. It is important to select the cqmbustion air

temperatufes that, together with the fuels, burners and combustion conditions, will result in acceptgble levels of
NO, formgtion.

F.6.4.3 Burner design

The burngr design should be appropriate for maximum design combustion-air temperatures, minimum start-up or
air prehealer bypass_operation temperature, and natural-draught operation, if required.

F.7 Combustion air and flue-gas quantities

F.7.1 Introduction

An important consideration in improving fired-heater efficiency is the control of quantities of combustion air to the
lowest level while maintaining complete combustion, stable flames and stable heater operation. (The addition of an
air preheat system to improve fired-heater efficiency may employ a forced and/or induced-draught fan or fans.)

The discussion in this clause is limited to establishing minimum quantities of combustion air and flue-gas for new
and existing installations equipped with air preheat systems.
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F.7.2 New installations

F.7.2.1 Combustion-air design requirements

F.7.21.1 General

To establish design combustion-air requirements, the type of burner system can usually be classified into two
categories:

a) natural/forced draught burner — Burners suitable for specified operation with and without the forced-draught
fan;

b) forced-d
is gener.

The use of f
natural-draug

and flame stability characteristics.

F.7.21.2

The following

a) Natural-g
air:

1) fuel
2) fuel
b) Forced-ad

1) fuel

2) fuel

Note that thg¢se are minimum suggested-values. Fired-heater operation at lower excess air is not recd

without spec
be designed
quantities stg

F.7.21.3

If the air prd

Minimum air.flow for forced-draught fans

aught or high intensity burner — Burner heat release can only be achieved with the fan.in
blly recommended that this type of burner not be operated if the forced-draught fan is'not in s

orced-draught/high intensity burners usually permits fired-heater operation at'\lower exces
ht burners and improves fired-heater operation, capacity and efficiency without sacrificing ¢

EXCess air
minimum design burner excess-air quantities are recommended for negative-pressure fired

raught burners designed to operate with forced-draught.fiet/cold air and/or natural-draug

Lgas fired: 10 %,

Loil fired: 15 %.

raught/high intensity burners:
Lgas fired: 5 %,

Loil fired: 10 %.

al control instrumentation or design features. Where operating experience dictates, fired hg
to operate at higher-excess-air values. Design efficiencies of fired heaters should be at
ted in 6.2.3.

service. (It
ervice.)

s air than
obombustion

heaters.

ht ambient

mmended
aters may
excess-air

heateris" not airtight, the amount of leakage should be specified by the manufacturer

directly to th

T

design (100 %) flow quantity to determine overall flow requirements. The fan selection sh

nd added

all be made

T

for the calculated quantity of air for design (100 %) operation (including any defined leakage from the| preheater

and other system losses) at design excess air, all multiplied by a factor of 1,15, a safety margin.

The range of ambient air conditions shall be specified by the purchaser. The forced-draught fan shall be sized
using maximum ambient-air temperature and humidity at site elevation. Provision shall be made to allow the forced-
draught fan to be started and operated at minimum ambient-air temperature and humidity.

F.7.2.2 Flue-gas design requirements for induced-draught fans

If the air preheater is not airtight, the amount of leakage should be specified by the manufacturer and added
directly to the design (100 %) flow quantity to determine overall flowrate requirements. The fan selection shall be
made for the calculated quantity of flue gas for the design (100 %) operation (including any defined leakage from
the preheater and other units in a multiheater system) at design excess air, all multiplied by a factor of 1,15, a
safety margin.
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To allow for variation in heater operation from the design condition, an allowance for an increase in flue-gas
temperature should be considered. Provision shall be made to allow the induced-draught fan to be started and run
when the gas temperature is low, even as low as ambient. These are minimum requirements, and the system

should be

designed to meet the purchaser’s specified requirements.

F.7.2.3 Fan sizing

The design condition (100 %) for the fired heater often includes allowances for safety, future process increases or a
general surplus dictated by experience. As a consequence, the resulting air system may be much larger than that
required for normal operation, and the heater operation at turndown may be difficult. When preparing specifications,

the design

er should consider the range of operation required to obtain an optimum arrangement.

F.7.3 Rel(rofits

Where ai

optimum

preheat systems are added to existing fired-heater installations, flexibility -in~ydesigni

esults. To compensate for the possibility of greater leakage in an existingfired heater,

economicII system is usually limited. The system designer should work closely with the’ purchasg

minimum

Preheater

esign flow requirements should be considered.

air leakage may contribute to combustion requirements, but leaking“air does not pass th

side of th¢ preheater. If this fact is not taken into consideration, incorrect calculations of the exiting

temperatu

F.8 Duc

res may result.

t design and damper selection
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Figure F.2 — Sample flow sheet for duct design and damper selection

142 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

F.8.2.2 Calculating pressure drop in a straight duct

In SI units:

4p/100 =5,098x10% (1 p-v?/d) (F.1)
or

Ap/1oo=5,098x1o3(f.qm,A2/d.p) (F.2)
where

Ap/10D is the pressure drop per 100 m, expressed in millimetres of water column (mmH20);

f is Moody’s friction factor;
P is the flow density, in kilograms per cubic metre (kg/m?);
v is the linear velocity, in metres per second;

qm,A is the areic mass flowrate, in kilograms per square metre per second (kgim?/s);
d is the duct inside diameter, in millimetres.

In US Cusfomary units:

Ap/100 = 3,587(f~p~v2/d) (F.3)
or

Ap/100 = 3,587(_f-qm,A2/d-p) (F.4)
where

Ap/10D is the pressure drop per 100 ft, 'expressed in inches of water column (inH,0);

f is Moody’s friction factor [See curve 1 on Figure F.3 and equation (F.5)];
D is the flow density, in pouinds per cubic foot (Ib/ft3);
v is the linear velogity, in feet per second (ft/s);

Am,A is the areic miass flowrate, in pounds per square foot per second (Ib/ft2/s);

d is the ductsinside diameter, in inches.
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S
1
0,1
: 1
e S s S e T 2
0,01
0
10° 10 10° 10 107 108
Re =123,9(dvp/u) or 123,€(dqmyA/p)
Key

1 Very rough lined ducts: E = 0,01

2 Medium rfough lined ducts: £ = 0,003
nlined ducts: £ = 0,000 5

3 Smooth |

F.8.2.21 (
In Sl units:

Re=10

or

d-v-plu

Re=10

d'qu/ﬂ

Figare' F.3 — Moody’s friction factor

Calculating Reynolds.number Re

(F.5)

(F.6)

where

u is the viscosity, in millipascals per second (mPa:-s);

other symbols as above.

In US Customary units:

Re=123,9d -v-p/u

or

144

(F.7)
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Re=1239d-q,, ,/u

where

u is the viscosity, in centipoise (cP);

other

symbols as above.

(F.8)

The following generalized equation may be used for viscosities for both air and flue gas without introducing any

significant

error into the pressure drop calculations.

Viscosity = 0,016 2 (7/255,6)0:691

where T'is
In US Cus|

Visco

where T'is

F.8.2.2.2

Equations
equations
should be

dg =2
where
d,

e

q

3

q

3

a

b

q

b

When usir

F.8.2.2.3

By making
chart, preg

When usir]
equation (

the temperature, in kelvin (K).
tomary units:

Sity = 0,016 2 (7/460)0.691

the temperature, in degrees Rankine (°R).

Calculating hydraulic mean diameter

(F.1) through (F.8) employ a diameter dimension (d) and hence are for round ducts. T
for rectangular ducts, an equivalent circular duct diameter,“referred to as the hydraulic mg
calculated. A useful correlation for the hydraulic mean diameter is:

abl(a + b)

the hydraulic mean diameter;

the length of one side of rectangle;

the length of adjacent side of rectangle.

g d calculated from equation (E.11), use the actual velocity calculated for the rectangular du

Approximate solution(of pressure drop in straight duct

several assumptions; the calculation of pressure drop in straight ducts can be reduced to
ented for convenience in Figure F.4. Any error introduced is not significant for most cases.

g a hydraulic‘mean diameter in Figure F.4, use the correlation shown on the curve rather th
-.11).
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254 (10)

203,2 (8)

152,4 (6)

n

101,6 (&)

o
ins

N~
T

vl
T

50,8 (2)

Pressure drop correction, C,

25,4 (1)

0195+

,0 per 30 linear metres, Ap.I (inches H,O per 100 linear feet)

20,3 (0,8) 09 |

T
I
T

Tenperature
085 corrgction factor

15,2 (0,6)

0,8 | | | |
149 204 260 316 371

(300) (400) (500)f (600) (700)

Flue-gas tempdrature, °C (°F)

Pressure drop, mm H

10,2 10,4) B

5,11(0,2) E=H

25 (0,1

23 41 68 91 221 393
(50) (90) (150)  (200) (500) (800)
Flueigas mass flowrate 10° kg/h (102 Ib/h), velocity 15 m/s (50ft/s)

NOTE 1

A {%ﬂﬂm(q)(cz)

Roughness cdrrection, Cs:

a) Very rough (for example,rick) — 1,0

b) Medium rpugh (for.example, castable refractory) — 0,68
c) Smooth (for example, unlined steel) — 0,45

NOTE 2 Fqr rectangular ducts:

de =13x0,25(a+5)/0,65(a-b)

Figure F.4 — Pressure drop for flue gases (MW = 28) in ducts at 100 kPa (1 bar) (ga)
[approx. 134,6 mmH,0 (5,3 inH,0)]
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F.8.2.3 Calculating pressure drop in fittings and cross-section changes

In Sl units:

Ap=C(5,1><10_2)p~v2

or

ap=C(51x102)q,,,*/p

where

Ap
C
P
\%

qm,A
In US Cus|

Ap =

or

where
Ap
C
P
A4
qm,A

Considera
drop fitting

is the pressure drop in fittings, expressed in millimetres of water column (mmH>0);

is the fitting loss coefficient from Table F.1;

is the flow density, in kilograms per cubic metre (kg/m?);
is the linear velocity, in metres per second;

is the areic mass flowrate, in kilograms per square metre per se¢ond (kg/m2/s);

fomary units:

C(2,989><10_3)p-v2

C(2,989><10_3)qm!A2/p

is the pressure drop in fittings, expressed in inches of water column (inH>0);
is the fitting loss coefficient from Table F.1;

is the flow density, in peunds per cubic foot (Ib/ft3);

is the linear velocity;,<in feet per second (ft/s);

is the areic mass flowrate, in pounds per square foot per second (Ib/ft2/s);

tion should be given to the use of turning or splitter vanes to improve the characteristics of |
S.
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Table F.1 — Fittings

Fitting type Fitting illustration Dlmen_s[onal Loss coefficient L/D or L/W
condition
Elbow of N° degree
turn (rectangular or
round) =z No vanes NI90 times the value for a similar 90° elbow
90° round section Mitre @ 1,30 65
elbow 2hNES <L RD = 05 0,90 45
S ' ’rD—+6 6,33 17
\ RD = 15 0,24 12
Q RD = 2,0 0,19 10
90° rectangulgr Mitre, H/W = 0,25 1,25 25
section elbow RW = 0,5 1,25 25
x> rRW = 1,0 0,37 7
RW = 15 0,19 4
H & Mitre H/W = 0,5 1,47 49
RrRW = 05 1,10 40
RW = 1,0 0,28 9
RW = 15 0,13 4
Mitre /W =1,0 1,50 75
RrRW = 05 1,00 50
rRW = 1,0 0,22 11
RW = {35 0,09 4,5
Mitre H/W.= 4,0 1,35 10
RW.& 0,5 0,96 85
RW = 1,0 0,19 17
W = 15 0,07 6
90° mitre elbow with ~
vanes \
|l C=0,1%t00,25
b
Mitred tee witf vanes e Equal to an equivalent elbow (90°)
| i ﬁ ! (base loss on the entering velocity)
TN\
Formed tee Equal to an equivalent elbow (90°)
(base loss on the entering velocity)
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Fitting type Fitting illustration ¢ Dimensional Loss coefficient
9ty g tflu condition based on velocity in smaller area

Sudden contraction Ay A4y = 0,2 0,32

| A2 AZ/A1 = 0,4 0,25

A2/A1 = 0,6 0,16

A2/A1 = 0,8 0,06

Gradual contraction a_ = 30° 0,02

a = 45° 0,04

— & a = 60° 00F

Slight contTction, Ay A1=4; 0,15
change of axis | A, a<14°

Flanged enftrance | A 0,34

Entrance tq larger duct A | 0,85

Bell or fornfed entrance \ A 0,03

Square-edged orifice at D4lDy = 0,2 1,90

entrance D4Dy, = 0,4 1,39

~ D1/D2 = 0,6 0‘96

— 3 DyDy = 08 0,61

)
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Table F.1 (continued)

Dimensional Loss coefficient
i PP .

Fitting type Fitting illustration condition based on velocity in smaller area
Square-edged orifice in D4/Dy = 0,2 1,86
duct b N D1/D2 = 04 1,21

g D1/D2 = 0,6 0,64
D1/D2 = 0,8 0,20
5
23}
Sudden enlargement Az A4y = 01 0,81
A1 | A1/A2 = 0,3 0,49
Aqld, = 0,6 0,16
A1/A2 = 0,9 0,01
Gradual enlargement a = 5° 0,17
a 10° 0,28
—_— X a 20° 0,45
a = 30° 0,59
a = 40° 0,73
Sudden exit A, I
- A2 A1/A2 =0 1’0
Square-edged orifice at Aq Ayl44 = 0,2 2,44
exit Arl44 = 0,4 2,26
a A2/A1 = 0,6 1,96
—_— A2 A2/A1 = 0,8 1,54
Bar in duct D4/D, = 0,10 0,7
— ~ D1/D2 = 0,25 1,4
g " E D4/D, = 0,50 4,0
Pipe or rod in duct D4/D, = 0,10 0,2
QN D1/D2 = 0,25 0,55
1T —® =
Py D4/D, 0,50 2,0
Q
A5)
Streamlined object in D4/D, = 0,10 0,07
duct N D1/D2 = 0,25 0,23
i — §> g D1/D2 = 0,50 0,90
Q
A5)

This value is for a two-piece mitre. For three-, four- or five-piece mitres, see Figure F.5.
For permanent loss in Venturis, use a loss coefficient of 0,05 based on throat area.
C 4 and D represent respectively the cross-sectional area and diameter of the relevant section of the fitting.
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o
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1
6
N NS AEEEAREERSIRRARAN HHHHHH NSO NS L EEEEEEEEE IRERES
2
3
15 3
0,3
] 05 1 2 3 A 10
Radius Jratio, R/D
Key
1 3-piecg elbow
2  4-piecg elbow
3  5-(or mare) piece elbow

Figure F.5 — Equivalent lengths (L/D) for multiple-piece mitre elbows of round cross-section

F.8.2.4 Calculating pressure drop in branch connections as in header ducts

In Sl units:

H, :(5,1X10_2)p-v2 (F.16)
or

H, :(5,1X10_2)qm2/p (F.17)
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where

H

\

is the velocity head, millimetres water gauge.

In US Customary units:

H, =(2,989><10_3)p-v2 (F.18)
or

H, =(2 989x10 ¢, /p (F.19)
where

H, is the velocity head, inches water gauge.

V3 Or Gmg
Vi0r gm 1 2 V2 O Gma

Ap Poinf{1 to Point 2 = 0,5 (H,4 — H{o) (F.20)

NOTE |Loss coefficient of 0,5.is.the net of loss and regain. It may be a lower value for a well-designed branch.

Ap Poinff1 to Point 3 = Hj«(C, — 1) + Hy3 (F.21)
where

Cp is-thie-branch loss coefficient (see Figure F.6);

v3 Or g,,4 18 the branch velocity;

Vo O q,,5 is the downstream velocity;

vq Or q,1 is the upstream velocity;,

v, is the linear velocity;

Gm, Ax is the areic mass flowrate;

H,, is the velocity head;

Ap is the pressure drop.
152 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

F.8.2.5 Calculating differential pressure resulting from differential temperature (draught)

In S| units:

App =0,203(p A )| (29/7a) - (MW/TG) (12 - 11)

where

App

In US Cus|

App

where

is the draught, in millimetres water gauge;

(F.22)

ic tha atmaenharic nracciira at cita arada in kilonacsecale-
is-the-atmosphericp+ re-at-site-grade—inkilop ls;
is the temperature of ambient air, in kelvin;

is the temperature of flue gas or air in duct, in kelvin;

is the molecular mass of flue gas;

is the elevation of Point 1 above grade, in metres;

is the elevation of Point 2 above grade, in metres.

fomary units:

+0,179(pa )| (29/Taa) - (MW/Tg) (12 - 11)

is the draught, in inches water gauge;

is the atmospheric pressure at site grade, in pounds per square inch (absolute);
is the temperature of ambient air,/in degrees Rankine;

is the temperature of flue.gas or air in the duct, in degrees Rankine;

is the molecular mass\of flue gas;

is the elevation of Boint 1 above grade, in feet;

is the elevation-of Point 2 above grade, in feet.

F.8.3 Zone concept

F.8.3.1

General

(F.23)

Regardless of which type of air preheat system is used, one or more of the duct zones shown in Figure F.7 will
probably be involved. Knowledge of the basic flowrates, temperatures and pressure drops for equipment pointed
out in F.8.1, as well as knowledge of the basic spatial relationships of the components of the system, are
mandatory to begin meaningful calculations.

F.8.3.2 Forced-air zone

The basic elements in this zone are the fired-heater burners and plenum or heater duct, the air preheater, the
forced-draught fan and the inlet trunk or silencer. The nature of this zone requires that the calculations commence
at the downstream terminus or burner exit.

© 1SO 2001 — All rights reserved
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The pressure at the burner location inside the fired heater is the starting point. The pressure drop across the burner
should be added to this pressure (whether it be negative or positive) to obtain the plenum or burner duct pressure.
This may be negative, positive or zero, depending on the combination of heater pressures and burner pressure
drop.

At this point, some form of branch connection or header duct calculation may be necessary, depending on the
configuration of the burners and the ductwork. Some allowance should be made for any dampers or flow
measurement devices between the fired heater and the air preheater.

The air preheater air-side pressure drop should be known from the performance data provided by the
manufacturer. Any air leakage should also be known, since this needs to be added to the burner air flow to
determine the flowrate between the air preheater and the forced-draught fan.

Clearly, the gum of the heater plenum or header duct pressure, the duct pressure drop including darapets and flow
devices, and| the preheater air-side pressure drop determines the forced-draught fan discharge (pressufe. Equally
clear is that the forced-draught fan suction pressure will be atmospheric pressure minus the irlet trunk pr silencer
pressure drop. The value of this pressure drop is normally available from the manufacturer.

Branch loss coefficient, C,, based on upstream main velocity

N\
/\

\

1 A/
e
0
0 0,5 1 1,5 2 2,5 3
Branch to main velocity ratio, v,/v,
Key
1 90° take-off 2 60° take-off 3 45° take-off

Figure F.6 — Branch loss coefficients
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~—~ Py

3

a) Typical induced-draught zone: induced-draught blower to top of stack

6
L
\v/
—5
3
b) Typical induced:draught zone: furnace to induced-draught blower
1 10

8
9
c) Typical forced-air zone
Key
1  Stack with damper 6 To stack
2 From air preheater 7  Furnace plenum
3 Induced-draught blower 8  Fuel
4  Furnace convection section 9  Forced-draught fan
5  Air preheater 10 Inlet trunk or silencer

Figure F.7 — Duct zones
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F.8.3.3 Induced-draught zone (furnace to induced-draught fan)

The elements in this zone normally consist of the fired-heater convection section, the stack breeching and lower
stack section, the isolation damper, the air preheater and the induced-draught fan. For the normal negative-
pressure heater setting, it is desirable to maintain the pressure immediately below the convection section at some
predetermined slightly negative value. For this reason, the calculation for this zone should start at that point.

The pressure drop through the convection section should be available from the heater manufacturer. The
convection-section pressure drop taken in the direction of flow is a negative value, and should be numerically
added to the starting pressure. All pressures leading to the induced-draught fan will be increasingly negative. The
pressure at the exit from the convection section is determined; the pressure drops from this point on are for ducts

(including lo

Some presst
recycle leakd
and flow alo
recycle redu
positive step
gas going to

The pressurg
any air leaka
draught fan.

In summary,
section press
the preheate]
effects are re

NOTE Prd

F.8.3.4 Ing

The element]
noted that a

Zone calcul

treat the stapk as simply an extension of the ductwork, so that the calculation is reduced to a serig

pressure dr
fan discharg
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conditions. I
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re differential exists across the isolation damper, and assuming that no bypassing is permi
ge may occur. That is, some cooled flue gas in the stack above the isolation damper may le
hg with the hot flue gas to the air preheater and induced-draught fan and simply-be recy

5 are taken to avoid this, some allowance should be made in the flowrate and-temperature
the air preheater and the induced-draught fan.

drop across the flue-gas side of the air preheater should be known<«from the manufacturer

ge across the air preheater, it should be added at this point to determine the flowrate to th

the numerical sum of the pressure required at the entry~to the convection section, the ¢
ure drop, and the pressure drops in the breaching, lowéer-stack, ductwork including any dan
r-gas side, gives the negative suction pressure for, the’ induced-draught fan. (Corrections f
quired. A discussion of this follows the zone comments.)

ssure drops are sometimes referred to as draught{osses.

uced-draught zone (induced-draught-fan to top of stack)

5 in this zone consist of the induced-draught fan, the ductwork and the top of the stack. It
beparate stack can be utilized s that the flue gas is not returned to the original stack.

tion commences from the downstream exit or the atmosphere at the top of the stack. It i

ted, some
bk through
tled. Such

ces the effectiveness of the air preheater, and if the amount is large, can egverload the fan. Unless

of the flue

If there is
b induced-

ponvection-
hpers, and
pr draught

should be

5 useful to
s of duct-

s. The sum of these)pressure drops, when corrected for draught effects, gives the inducéd-draught

pressure. Any comments made about leakages (see F.8.3.2) should be considered in this 2

ight effects

lations, should account for differential pressure resulting from thermal differences, commonly
effeet’ This effect can produce either positive or negative pressure, depending on lod

one.

known as
ation and

should be accounted for in determining net pressure losses or gains in any system. It is

often only

referred to for the calculation involving the stack, but draught effects are present for any situation involving air or

gas having a

F.8.5 Dual

temperature different from the ambient temperature.

-draught system

In systems with burners intended to be operated on natural draught as well as in the forced- or induced-draught
mode, ensure in sizing and arranging of ducts, plenums and air-door components to accommodate both types of
operation. The draught on the heater side of the burners should be adequate to overcome the friction loss of the
system between the burner and the atmosphere. To facilitate swift conversion to natural draught, it is common
practice to operate the burner plenum at zero or slightly negative pressure when in the forced- or induced-draught
mode. This should be accounted for in the basic design of the system.
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locity guidelines

In the absence of specific values, the designer may consider the following as a guideline to recommended

velocities i
a)

b)
costs;

n ducts:

straight duct — recommended velocity 15 m/s (50 ft/s);

turns or tees — recommended velocity 15 m/s (50 ft/s) — a lower velocity may be justified by lower energy

c) burner air supply ducts — recommended velocity 7,5 m/s (25 ft/s) to 10,5 m/s (35 ft/s). (An alternative

appr]e'w'wmmmnmmmm

F.8.7 Damper considerations and selection

F.8.7.1

In any attg
various el
temperatu

If balancir
lock positi
damper pd

Guillotine

isolating o
of leakage
from the a

Multiple-lg
characteri
inherent in

Actuation
or series 4

If natural-@iraught air inlets are-required, they should be located where they will not restrict the flow

burners.

The exped
exception

F.8.7.2

ffected heater).

General

mpt at duct system design, consider the placement and selection of dampers for control an
bments of the system. When selecting a damper, consider the operating differential pres
[e across it. Some situations require a much sturdier design than others:

g dampers are deemed necessary in the air supply system, they should operate manuall
vely in the chosen position. Consider what measurements Wwill’be made or criteria set for
sition before judging that a damper is required.

blinds or slide gates may be used to isolate equipment; either after a change to natural dra
on heater operation, the tightness of damper shutoff, and the location of the damper (close
uvred, opposed-blade dampers are preferred for control applications, as they provide |
stics. Parallel-blade or single-blade:.dampers should not be applied where the flow-dire

their design may impair fan perfofmance or provide an unbalanced flow distribution in the p

inkage systems for damperstused for control or tight shutoff should have a minimum numb

ted leakage 6rthe leakage to be tolerated should be stated in specifying damper requiremg

Damper function and selection

pf isolation.damper designs, the amount of leakage varies with type and operating conditions.

d isolation of
sure and the

y and should
selecting the

Light or when

he of several heaters served by a common preheatsystem. Consider exposure of personngl, the effects

to or remote

etter control
cting feature
'eheater.

er of parallel

rms. The potential for asymmetrical blade movement and leakage increases with linkage coplexity.

of air to the

nts. With the

Table F.2
selection.

rovides a fistimgof equiprment by furnctiormand recommended damper type that cambeus

F.8.8 Duct stratification

| for damper

Duct configurations in the vicinity of the fans, air preheater and burners should not allow significant stratification of
air or flue gas. Stratification can affect performance adversely. In addition, measurement point locations in these
areas should be carefully selected to avoid errors resulting from stratification. A measurement point for traversing
should be included.
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Table F.2 — Recommended damper types

Equipment Function Recommended damper type

Forced draught

Inlet Control Radial vane damper, blade louvre or inlet box damper
Outlet Isolation for personnel safety Zero leakage slide gate or guillotine blind
Outlet Control Multi-blade louvre

Induced draught

Inlet Control Radial vane damper, multi-blade louvre or inlet box damper
Inlet Isolation for personnel safety Zero leakage slide gate or guillotine blind
Outlet Isolation for personnel safety Zero leakage slide gate or guillotine blind
Stack Quick response, isolation and Multi-blade louvre or butterfly damper
control
Combustionfair bypass Quick response, isolation and Multi-blade louvre or butterfly damper
control
Emergency hatural Quick response and isolation Low leakage damper or door
draught/air inlet
Fired heatef Burner control Multi-blade or buttetfly damper
Isolation Zero leakage slide.gate or guillotine blind

F.9 Guidglines for specifying equipment

F.9.1 Introduction

This clause ¢overs the requirements for the design and-fabrication of the various connecting components of an air
preheat syst¢m. The preferred choice of materials where applicable is also included.

This annex primarily covers external interconnecting components between the fired process heater gnd the air

preheater. Fpr considerations concerning .the fired heater or components internal to the fired heatdr, refer to
clauses 1 thrpugh 17.

F.9.2 Ductwork and stack

F.9.21 General

The differenfe between-this annex and clauses 1 through 17 lies in the design of ductwork. Thg ductwork
requirementq for air preheat systems can be separated into two categories: flue-gas ductwork and airf ductwork.
Generally, the mechanical and structural design principles are the same for both. The flue-gas ductwork is normally
subjected to the«corrosive stream (that is, flue gas). Cold-end temperatures can cause dew-point corrosion, so it is
important to[select proper liners or ductwork material envelopes. The choice of round or rectangular|duct, and
internal insulati i o 1 i s onsidered
early in the design. Where space permits, round sections of ducts are recommended. Ducts shall be gastight and of
flange-and-gasket or seal-welded construction.

Ductwork should be designed to permit replacement of components, such as dampers, blowers, heat exchangers
and expansion joints, within the duct system.

Air and flue-gas ducts are required to provide uniform fluid-flow distribution to the air preheater heat-transfer
surface. Failure to achieve uniform flow may cause a reduction in performance of the air heating device. Internal
duct bracing, if used, should not be installed within three diameters of equipment since disruption or restriction of
the flow may occur. Use of turning vanes or air straighteners should be considered to ensure uniform distribution.
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F.9.2.2 Cross-section

Round ductwork is structurally simpler to design than rectangular ductwork and requires less material to contain the
duct flow area. It can be reinforced with simple stiffening rings and generally requires less material for structural
support. It can be designed for maximum flow area per unit of duct mass.

Rectangular ducts need to be reinforced in a manner that will keep the deflections and stresses within acceptable
limits. Also, the designer should avoid having the flat side of ducts coincidently resonant with blower or fan speeds.

Designing

for possible buckling of flat walls may require additional bracing for stiffness.

F.9.2.3 Plenums or wind box

The plen
withdrawa
the fired p

L{m design and layout shall be such that there is a clearance around and under the plen

of burner parts without dismantling the plenum. The plenum shall not enclose the structura
rocess heater without providing for structural integrity. Plenum design should be/such tha

Um to permit
| supports of
the process

heater flogr structure does not fail in the event of a fire in the plenum.

In retrofit gituations, the design of floor support beams in the existing process heater‘shall be verifigd during the
design for| the effects of preheated air on structural integrity. Separate insulated-plenum boxes may|be required.
The use df air spaces between main structural supports and preheated air plenums should be considered during
the design.

F.9.2.4 External or internal duct linings

Internal in
envelope,
event of &g
wall and r
also expog

External in
Such duc
insulation
occur whe|

F.9.2.5

All' ductwq
pressure g
freely acc
The use ¢
support sh

Ductwork

Mechanical considerations

sulation or refractory should be considered for flue-gas ducts to reduce the metal temperatu
thereby reducing the duct thermal expansion. Consider internal coating for corrosion prot

psult in clogged ductwork, plugged air preheaters; and possible damage to fans. Loss of in
es ductwork to corrosive attack and temperatures higher than design.

sulation of ductwork may be desirable to ‘maintain metal temperature and to prevent dew-po
work develops greater thermal expansion however, since the metal temperature is hig
can be applied after the ductwork’has been set in place; it is not subject to shipping dam
h insulation or refractory has been shop-applied.

rk subject to thermal-expansion shall be analysed for thermal stresses encountered 4
nd design metal temperature. All ductwork subject to thermal expansion shall have support

f rollers, graphite slides or polytetrafluoroethylene slide plates may be required to preve
oes.

e of the duct
pction. In the

fire in the duct system, internal linings are desirable. Internal refractory can break loose from the duct

ternal linings

int corrosion.
her. External
hge that may

t the design
5 designed to

bmmodate the €xpected movement resulting from thermal effects or to accept the forces and stresses.

ht binding of

pressure
units of n

shall Be-structurally designed for the maximum expected shut-in pressure of the blower or t
hat ‘is, the outside atmospheric pressure minus the internal maximum operating pressur

e differential
, in absolute
defaults to

3,4 kPa (0,5 psi) minimum design differential pressure, it shall be assumed that the fluid pressure is positive within
the duct. Flat surfaces on the rectangular ductwork, if operating at less than atmospheric pressure inside the duct,
shall be designed for the expected vacuum. All flat surfaces of ductwork shall be reinforced, whether under positive
or negative pressure. Additional reinforcement may be required for transient conditions or resonant fan conditions.

Duct and supports should be designed to accommodate all thermal and mechanical loads that may be imposed,
including erection (including the mass of wet refractory during startup, operation, or shutdown of the system).
Where duct sections are removed for maintenance activities, the effect of existing loads and new forces results in
changes of deflection or stress; the entire system design shall again be mechanically verified in accordance with
codes or procedures agreed to by the purchaser and the vendor.

Where flue-gas ducts tie into a stack mounted on a heater, provide a structural anchor on the duct at a point close
to the outside perimeter of the heater stack. Provide an expansion joint between the fixed point (anchors) and the

© 1SO 2001 — All rights reserved 159


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

stack to control the significant bending moment resulting from duct thermal expansion forces reacting into the
stack.

If multiple furnaces are serviced by a single air preheater, a single flue-gas exhaust stack from the air preheater is
recommended.

In multi-cell furnace design cases, or where widely spaced burners are provided that require multiple air ducts to a
single furnace, consider manually adjustable and lockable dampers in each duct. These dampers allow for
balancing the flow and compensating for differences in duct hydraulic losses.

All duct sections
DN 40 (1 1/2fNPS

shall be equipped with low-point drain connections. These connections shall not be less than
)

The load and thermal effects of cold weather design conditions (that is, snow and ice) during shufdowns shall be

considered inp the analysis of ductwork.

Manways sh
permits) to p

all be sized to a minimum of 460 mm x 460 mm (18 in x 18 in) and so located in ductwgrk (if size
ovide for internal access to the entire duct system.
Vertical, self{ stand wind
loads and wi

supporting cylindrical ducts shall be treated as stacks. They shall be designed to safely with
nd-induced (vortex shedding) vibrations in accordance with 13.5.
Structural forice shall not be imposed on expansion joints.

Duct system
(100 °F).

expansion characteristics for lined ducts shall be based.on"a calculated shell temperature plus 55 °C

F.9.3 Expgnsion joints

All ductwork
expansion jo

subject to thermal expansion shall be Afurhished with metallic bellows or flexible-fabr
nts suitable for gas temperatures expected in the ductwork, and shall be resistant to any

products in t
Stiffening ri

e gas stream. Internal sleeve liners to protect the bellows of the expansion joint should be ¢
s may be installed on either end of expansion joints in the ductwork to prevent ovallin

¢ bellows
corrosion
bnsidered.
g or other

distortion of he ductwork in the event of replacement of the expansion joint.

Flexible-fabric joints of materials suitable for the temperature of the flowing gas in the ductwork may e used to
avoid defornling and stressing of adjoining equipment. These expansion joints are generally of layered c@nstruction
and can be inpsulated to withstand-the flowing gas temperature.

If soft (fabrig) expansion joints-are used adjacent to components requiring steam cleaning or water wa
use of internal sleeves is recommended to prevent water damage to the fabric joint.

shing, the

All ducts haVv
absorption of

ng expansion joints at both ends shall be suitably anchored or restrained between the jointg to ensure

ductwork thermal growth in the expansion joints in the desired manner.

If duct thermpl"ekpansion is deliberately controlled to cause lateral deflection in the expansion joint, the lexpansion
joint shall be specified to absorb lateral deflection or angulation without overstressing the bellows material at design
temperature. Expansion joints subject to lateral deflection only shall be provided with tie rods across the bellows.
The tie-rod connections to the ductwork shall be gimbaled to allow lateral displacement in the expansion joint
without bending or shearing the tie rods or tie-rod connections.

Do not use a tied expansion joint to absorb both axial and lateral deflections. Only internal pressure thrusts are
contained by tie rods.

Packed slip expansion joints may be considered for negative-pressure applications and shall be designed to
provide positive retention of the packing to permit packing replacement from the outside while the duct is in service.
These joints should be between solid anchor points in hot ductwork. They are subject to binding because of dirt,
paint or corrosion. Avoid using slip-type joints adjacent to blower/fan inlet or outlet flanges. Slide bars or guide pins
shall be provided to prevent angulation or cocking in the gland if stress or friction within the gland is not consistent
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around the circumference. Packed expansion joints can be designed to take horizontal movements if used as two-
hinged joints.

F.9.4 Dampers

F.9.41 General

Dampers may be classified into four types based upon the amount of internal leakage across the closed damper at
operating pressures:

a) tight shutoff: low leakage;

b) isolatipn or guillotine (slide gate): no leakage;
c) flow control or distribution: medium to high leakage;
d) naturdl-draught air-inlet doors: low leakage to fully open.

Tight shutpff dampers may be of single-blade or multi-blade construction. Leakage,rates of 0,5 % or I¢ss of flow at
operating gonditions are expected.

Isolation gr guillotine (slide gate) dampers are designed to have no internal leakage when closed and may include
double-gate with air purge or double-block-and-bleed designs consisting ‘of one or more dampers in deries with an
air purge [between. Internal leakage rates of 0 % are expected with 'this type of damper. Dampefs may have
insulated plades to allow personnel to safely enter ductwork (downstream of the damper) during|operation of
connected equipment.

Natural-draught air-inlet doors shall be designed as fail-open devices in the event of loss of mechahical draught
furnished by combustion air fan.

F.9.4.2 Design and construction
Damper frames shall be channels using either rolled structural steel or formed plate. Material and weight of the
frames shpll be determined on the basis.of any combined stress or individual stress, whichever is the maximum
resulting ffom the following loads:
a) seismic;
b) wind;
c) shippipg or erectiondoads;

d) actuatpr loading;

e) system failure or thermal or deadweight load;

f) corroded-condition load.

Dampers shall be considered structural members and as such shall meet all structural design criteria of fired heater
structural members outlined in clause 12.

Damper-blade deflections shall be less than 1/360 of the blade span. The stress of each blade assembly
component, based on maximum system static pressure, temperature and seismic loading and the moment of
inertia through the cross-section of the blade assembly, shall not exceed those levels specified in AISC
Specification for Design, Fabrication, and Erection of Structural Steel for Buildings. The torsional and bending
stress shall be considered if the gas stream temperature is equal to or greater than 400 °C (750 °F). Allowable
bending stress should be limited to 60 % of the yield stress at the specified operating temperature. If the metal
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temperature is in the creep range, the allowable stress will be based upon 1 % of the rupture stress at the
100 000 h life-span.

Each damper shall be equipped with an actuator mounted and linked by the damper manufacturer and tested in his
shop before shipment. The actuator and linkage shall be installed outside of the flowing gas stream. The strength
of the actuator mount on the damper frame shall be based on seismic loading and required actuator torque. lIts
strength shall not exceed 10 % of the yield strength of the damper in any mode of stress. Actuators and all drive

system components shall be sized with a safety factor of 3,0.

F.9.4.3

Isolation/guillotine damper

The slide-gafe damper shall be a complete, self-sufficient structure not requiring additional integral

bracing. Th4g
operated by
should be us
failure, the rqg

The time co
specified by

Operator ang
safety factor
bleed or douy
two rows of ¢
air pressure

F9.44 Lo

Louvre damy
central axial
structural mdg
axial structur
of heat. The

actuator for slide-gate dampers shall be electric, manual, pneumatic or hydraulic™an
sprockets, chains, jack screws or a direct-drive piston. If chains are used, a minimum) of 1
ed and arranged to drive evenly on each side of the blade to prevent binding. In.the eve
maining chain or chains should be capable of supporting the entire blade load.

hsumed in complete operation of the slide-gate damper from fully open te fully closed
he purchaser.

drive-system sizing shall incorporate a 300 % dead load plus a 200-% live load (push-pull 0
as a minimum. For installations that are safe for personnel talenter, incorporate double
ble block-and-purge designs. The space between dual closed damper blades or the spac
dge seals is normally purged with clean air of sufficiently greater pressure than duct stream
0 ensure a clean-air barrier to gas leaks into the duct system past the guillotine damper.

uvre dampers

ers consist of a series of parallel damper blades. The blade construction may be a solid bl
round shaft. If the blade of the damper is of aitfoil composite design, the central shaft may G
mber as a central axial support of the ajrfoil blade. At each end, round stub shafts are splin
al member with suitable clearances to-prevent buckling of the shaft as it thermally expands
stub shafts pass through the bearings mounted on the damper frame. The edges of the

Support or
i shall be
wo chains
ht of chain

should be

pen/close)
block-and-
B between
or outside

Ade with a
pnsist of a
bd into the
As a result
blades are

fitted with metal seals to minimize leakage pastthe damper edges when the damper blade is closed. Tlese seals

are often of

Airfoil blade
the shaft an
excessive te
the blades. B
provide for tH

Louvre-style
structural ba
by the purch

roprietary design.

esigns shall have blade 'skins provided with elongated bolt holes to compensate for therma
d blade skin. Considér jthe use of heating holes in one side of sandwich (airfoil) blade
mperatures are encoUntered across closed dampers. This will reduce thermal stresses and
lades and shafts shall be of thermally compatible material of similar thermal growth rates.

ermal growth-of\the damper blade away from the actuator or drive side of the damper.

multiplesdamper blades shall be linked together exterior to the damper frame. Linkage shal
hinged\with shoulder bolts, complete with lock nuts set in self-lubricating bearings of a typ
aseér, ‘Other designs consisting of adjustable linkage to compensate for the differential

growth of
designs if
warping of
f possible,

consist of
e specified
expansion

between the

damper frame and the linkage to ensure tight shutoff at the operating temperature

should be

considered. Completed linkages shall be tested and fixed in position at the damper manufacturer’s facility.

The link bars of each individual blade shall be welded to set collars fastened to the damper shaft with shear pins.
Linkage shall be tight and vibration-free and shall prevent independent action of the blade. The position of the
damper on its shaft shall be scribed on the end of the shaft visible from outside the duct.

Other designs, incorporating stainless steel stub shafts and linkage pins and hardware consisting of cast steel
clevis arms attached to stub shaft, may eliminate corrosion and may facilitate rapid removal. These designs should
also be considered in situations where dampers may not be used open and tend to freeze.

Bearings shall be mounted in pillow-block assemblies furnished by the bearing manufacturer and shall be bolted to
bearing mounts welded to the damper frame. Each bearing and bearing mount, including welds holding the mount,
shall have a duty factor capable of withstanding 200 % of the stress transmitted as a result of the system load
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acting on the blade plus the operator output torque. If removable bearings are specified, linkage cranks shall be
removable also. Do not weld linkage cranks to shafts.

A packing gland, if specified, shall be welded to the damper frame at each shaft clearance hole and shall be filled
with packing adequate for the service. Design of the packing gland shall allow removal and replacement without
removal of bearings or linkage. Packing glands should be applied in negative-pressure flue-gas service if
sulfur-bearing fuels are used.

F.9.4.5 Miscellaneous construction details

Dampers constructed integral to ducts, if permitted by the purchaser, shall be of a bolted design to allow
replacemdnt of parts.

Damper bgarings shall not be covered by insulation.

Damper shafts shall be of austenitic stainless steel or other alloy suitable for the operating,conditions.
F.9.5 Ductwork insulation and refractory

F.9.5.1 (General

Externally|insulated air and flue-gas duct sections shall be covered with{weatherproofing and/or meta| covers. The
insulating |Imaterial or any layer shall be suitable for a service température of at least 165 °C (300 [F) above its
calculated|hot-face interface temperature.

Where thg burner plenum is internally lined and fuel oil is fired~in the heater, consider the choice of oil-resistant
linings. High density refractory should be considered. Provide lining on the floor of the plenum ang for at least
100 mm (4 in) up the side walls.

The mininpum internal lining thickness shall be 50«nm (2 in). The minimum service temperature of|the castable
refractory ghall be 165 °C (300 °F) above the maximum calculated temperature of the material.

All insulatjon except castable (internal or. external) should be covered for weather protection duling erection.
Internal eXposed insulation should be treated for stability or rigidity.

Duct interpal casing surfaces covered by a blanket or block insulation shall have either a protective cgating applied
prior to agplication of insulating{material or a vapour barrier if the flue gas contains products of combustion from
fuels containing more than 1.%-mass fraction of sulfur in fuel oil or 1,5 % volume fraction of hydrogen|sulfide in the
fuel gas.

F.9.5.2 Ceramic-fibre duct lining

The ceramic-fibre~duct lining used for hot flue-gas or combustion-air ducts shall be of needled maferial at least
25 mm (1[in)-thick, with density of 130 kg/m3 (8 Ib/ft3). The back-up layer of ceramic fibre shall bg of needled

P | + op (4 in) ¢ At Al £ o0 Lol 3 (A 13\ If £l TP
materlal IUaSl —J mm \I ;I I} 11 IIUI\, Vvllll Uensiltyl Ul UJ l\glm \-r LUL>Z8LY } L) CUraml\J muTe UUl |ouuuuun IS Used, the

casing shall have an internal protective coating to prevent corrosion of metal ductwork. Do not use unprotected
ceramic fibre at duct bends, baffles, elbows or constrictions.

F.9.5.3 Block and board insulation

Block insulation is defined as rigid, and board insulation as semirigid. Insulation should be specified as Class 3,
ASTM C 612. If such insulation is not to be shielded by other materials, single layers may be used below 260 °C
(500 °F) hot face. It may be used as a backup layer with other insulations if the mass fraction of sulfur does not
exceed 1 % in liquid fuel or the hydrogen sulfide content does not exceed 100 cm3/m3 (100 ppm vol.) in gas fuel.

The velocity of the flowing gas stream should not exceed 6 m/s (20 ft/s), unless the surface is protected with wire
mesh, expanded metal or sheet metal. Two layers of insulation are preferred.

© 1SO 2001 — All rights reserved 163


https://standardsiso.com/api/?name=093c71bbc8f74d5bb8ee1013771d8225

ISO 13705:2001(E)

F.9.5.4 Fibre blanket insulation (mineral wool)

Blanket insulation is a flexible material specified in accordance with ASTM C 553. Do not use unprotected
insulation adjacent to water- or steam-cleaning devices. Surface protection consisting of wire mesh, expanded
metal mesh or chemical rigidizers shall be provided for areas where flue-gas or air velocities exceed 12 m/s
(40 ft/s). Two layers are preferred. Materials shall be overlapped in the hot face on the first layer to ensure that no
exposure of casing or duct envelope to materials insulating for lower temperature occurs.

F.9.6 Fans and drivers

F.9.6.1 General

All fan and driver design and performance shall be in accordance with annex E.

F.9.6.2 Wheel types
Maximum agrodynamic efficiency for fans can be achieved with backward-inclined (non-overloading) blades. The
blade constrliction may be of single thickness or aerofoil design. On applications whére the fan providep induced-
draught serv|ce, avoid airfoil designs that have hollow cross-section blades consisting of metal skin on fibs if they
are not furnjshed with wheel-cleaning facilities. Induced-draught fans handling elevated temperaturg flue-gas

containing significant particulates should be considered and specified as radial or modified radial blades|on the fan
wheel.

F.9.6.3 Construction
Fans in combustion-gas service shall have all seams continuously welded.
F.9.6.4 Shpfts

Fan wheel shafts shall be capable of handling 110 % ofirated driver torque from rest to design speed.

F.9.6.5 Elimination of induced-draught fan

A stack of height greater than normally reguired may replace an induced-draught fan on some systenis, thereby
improving the mechanical reliability of a system.

F.9.7 Air preheaters

F.9.7.1 Depsign considerations for direct preheaters

In a fixed-bundle air-preheater, consider making the bundle removable if it will be subject to corrosion| Pressure
parts of coils or tube bundles handling a combustible fluid shall be of all-welded construction. Do hot permit
circumferential welds to be located in the air stream.

In rotating exchangers with metallic elements, the heating surface shall be provided in two or more layers. The
cold-end layer of elements shall be in baskets for radial removal through a housing. Other layers may be in baskets
for removal through hot-end ductwork. Regenerative systems using revolving elements can be mechanically
damaged if rotation stops while flue-gas and air flow continue. An auxiliary drive on the preheater is recommended
to protect against loss of rotation resulting from a power failure or other cause. An alternative action is to revert to
natural draught, bypassing the preheater, until rotation can be re-established.

F.9.7.2 Design considerations for indirect heaters
Fluid pressure-retaining circumferential field welds on the air-heating element of systems employing a pumped,

circulating, combustible heat medium shall be external to the air duct. Electric-resistance welded tubing, however,
is permitted for coil designs where the coil is internal to duct.
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Tubular coils shall meet the requirements of clause 7, except for the extended surface in the air duct, which shall
be as required by the application.

Tube wall thickness shall be in accordance with ISO 13704, assuming a design life of 100 000 h and a minimum
corrosion allowance of 1,5 mm (1/16 in).

The extended surface shall not be included in designs intended for heavy oil fuel firing, unless cleaning facilities are
also included in the system.

Each pass of multiple-pass coils shall be symmetrical and equal in length to all other passes. The design pressure
of the coils in heated -liquid service shaII be based upon a pressure greater than the vapour pressure of the heating

o . =—C ' ) selection of
pumping pressures sufficient to prevent possible two -phase (Ilqwd/vapour) rowmg regimes inthe|coils and to
contain and hold the fluid, should the blower fail, with no reduction in heat input.

Recirculat|ng reheat coils shall not be oriented to view direct radiation from the firebox or-from high| temperature
refractory purfaces.

The perfofmance of recirculating reheat coils is directly related to and dependentjon the charactdristics of the
recirculating heat-transfer medium in the coil. Some characteristics of the medium deteriorate with extreme service
conditions} Systems with pumped closed-circulation heat-medium loops should, incorporate provisions to drain the
heat-medipm fluid from the heating coil in the event of low fluid flow or high, flue-gas temperature. Drainage should
be manually or automatically actuated. Failure to drain the heating coil under these conditions can lead to thermal
degradatign or coking of the fluid in the coil.

All heating coils shall be drainable and shall include a high-point.vent and a low-point drain, unless specifically

deleted by the purchaser because of more appropriate locations’in adjacent piping. All connection flanges should
be located outside the duct periphery.

F.9.7.3 Two-phase operation
To ensure| against “vapour lock” of the heat-transfer fluid in the coils, elevate the system pressure to @ level above

the vapour pressure of the liquid, which ensures that the coil contains all liquid, and then reduce [the pressure
directly in p vapour “flash” drum downstream“ef the coil.

F.9.7.4 Pump design for circulating systems
Pumps shall be designed in accardance with API 610.

Head capacity curves shallrise continuously to shut off. Rated pump capacity shall fall to the left orjon the peak
efficiency line.

Net positie suction*head correction factors may not be required.

Pumps handling flammable or toxic liquids shall have flanged suction and discharge nozzles.

Spare pumps shall be provided, unless used in a system that can be completely bypassed without detriment to the
normal heater service.

F.9.7.5 Interconnecting piping

Piping used to interconnect various components in an air preheat system shall be designed and fabricated
according to ASME B31.3 or other standard specified by the purchaser.
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F.9.8 Burn

er

Burner front plates shall be insulated to achieve a skin temperature less than or equal to the temperature specified
for the air duct and plenum. Where practical, the insulation specifications for the burner shall be the same as for the
duct and plenum.

A sight glass, 25 mm (1 in) or more in diameter, shall be provided at each burner front plate to provide visibility of

both the ignit

or or pilot burner and the main flame. Consider heat-resistant glass in pressurized systems.

Safe removal of oil guns, gas tips and pilots that may be removed during heated-air operation and that are located
in a positive-pressure plenum should be considered in the design.

Vertically fire
the plenum.
by hand.

Horizontally
drainage intg

Individual bu

Burner syste
pressure hed
be accomplig

All modes of
burner desig
operation, if
shall determi

Burner and |
the temperat

F.10 EnJironmental impact of air.preheat systems

F.10.1 General

There are fiy
through F.10

F.10.2 Ene

d liquid-fuel burners should be designed to catch drips from burner tips and convey the dri
n positive-pressure plenums, a drain tube can be provided with a pet cock to allow periodic

fired liquid-fuel burners shall be designed to permit drainage of oil into the firebox arn
the plenum.

ner air adjustment and air shut-off shall be provided.

ms shall be designed so that light-off can be accomplished withoutexposing the operator {
ted air. Electric ignition pilots may be required in a pressurized plenum for light-off of pilots t
hed in a negative-pressure zone of the fire box (pressurizedplenum).

process heater operation, such as mechanical or natural draught or turndown, shall be cor
n and selection. The maximum combustion-air pressure drop that is consistent with all
equired, shall be used. Note that if natural-draught operation is required, the natural draugh
he the burner size for the capacity specified in_this mode.

urner parts intended for use with heated:combustion air shall be fabricated from materials s
Lire exposure.

e basic ways that.the use of an air preheat system can have an environmental impact (s
6). In general, the“environmental impact of a properly designed air preheat system is positiv|

rgy conservation

The use of
conservation

n air preheat system is one of the best techniques available to process plant operators

ps outside
blowdown

d prevent

o positive-

hat cannot

sidered in
modes of
t available

uitable for

bee F.10.2

a)

.

for energy

An air preheat system frequently provides adequate savings, through reduced fuel cog

t, to allow

other pollutio

n control systems 10 become economically Teasible.

The use of any system of efficiency improvement results in a lower flue-gas exit temperature, which increases the
possibility of an exhaust stack plume and can produce “acid rain.” Although not specific to the use of an air preheat
system versus any other system of efficiency improvement, the problem should be recognized. The normal way to
eliminate any adverse effect is to increase the stack exit height above grade and increase the effluent velocity, so
that natural diffusion and wind currents will prevent acid fallout.

Since the air preheat system incorporates one or more fans, the energy is available to achieve high stack effluent
velocities, and energy savings more than justify the taller stack.

In summary, the air preheat system actually provides a means to eliminate the problem of “acid rain” that can occur
in many installations.
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F.10.3 Stack emissions

F.10.3.1 General

The environmental impact of stack emissions from a fired heater is affected by the installation of an air preheat
system. There are four separate pollutants that are normally monitored. These are discussed in F.10.3.2 to

F.10.3.5.

F.10.3.2 Sulfur oxides

The sulfur

oxide fraction of the flue gas is dependent solely on the composition of the gas or oil burn

ed and is not

affected tq
system is
reduction

F.10.3.3

The amou
during cor
in general

any extent by the air preheat system. However, since fuel consumption is reduced ifra
Lised, the mass of sulfur dioxide (SO5) emitted is reduced for the same process duty. This)re

n pollution and an improved environment.

Nitrogen oxides

nt and type of oxides of nitrogen produced depend on the time, temperature and oxygen
hbustion of any specific fuel. The reactions involved are many and complex. The following ¢

a) the amount of NO, produced increases with increases in firebox or combustion temperature;

b) the amount of NO, produced decreases with decreases in excess air.

This would indicate that preheating the combustion air can ingrease the NO, formed. This has been
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expressed as concentration in the flue gas. However, as in the case of the sulfur oxides,
Kides, expressed as nitrogen dioxide emitted, is‘reduced as efficiency is increased. This teng
e effect of air preheat and can, in those cases where efficiencies are substantially imprg
quantity of NO, emitted.

appears to be the most significant factor in the control of NO, formation. Since air preheat s
e forced-draught burners, it is not.only possible to operate at extremely low excess air level
rately control the fuel/air ratio: ‘On natural-draught burners, the minimum excess air levg
necessary to provide for operational variations have been 20 % on gas fuels and 25 %
er manufacturers represent that using their forced-draught designs and preheated air requi
levels of only 5 %@n-gas and 10 % on oil fuels, and controls can be furnished to ensu

nufacturers ‘have developed special combustion-type units that further reduce NO, formatig
forced=draught systems using preheated or ambient air. This allows the use of a low N
ehgat@system applications to achieve the required NO, levels.
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sults in a net
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res minimum
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Mmaintained (see F.7:2.1 for recommendations). This low excess air operation can significanfly reduce the

n on natural-
D . burner on

F.10.3.4

Particulates

The formation of particulates during combustion is normally a function of burner application and the specific fuel
burned. The use of air preheat and the forced-draught systems involved have allowed burner manufacturers to
reduce the formation of carbon when burning normal fuels. This can reduce the particulates formed to essentially
the ash formed on combustion of the fuel. Therefore, the use of an air preheat system reduces the total solids
emission from many heater applications since the amount of fuel burned, and hence of ash emitted, is reduced.

F.10.3.5 Combustibles

The presence of combustibles, such as unburned hydrocarbons and carbon monoxide, in the flue gases from fired
heaters is related to the incomplete combustion of the fuel. This in turn may result from insufficient excess air. The
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application of an air preheat system enhances the ability to burn fuels completely at the lowest possible excess air
level. As a result, whether the burner is of the low NO_ or standard type, unburned hydrocarbons and carbon
monoxide can be controlled to acceptable levels (from a pollution control viewpoint) at lower excess air levels than
previously possible without the use of an air preheat system.

F.10.4 Noise

The main source of noise associated with a fired heater is normally the burners. The application of an air preheat
system requires that the burners be housed in an insulated enclosure. In addition, high efficiency heater systems
employ insulation and linings which are thermally more effective. Both of these measures reduce the level of noise
from the burners. Consequently, an air preheat system normally attenuates the noise from the burners below the
statutory leve

However, the use of fans associated with an air preheat system introduces a new noise source;\Wwhich|should be
considered i the initial design. Since adequate silencing techniques have been developed, it is-only negessary for
the designern to establish the noise level limit required so that the fan manufacturer can‘offer the gppropriate
solution.

In summary,| although noise should be considered in the design of an air preheat-system, it should n¢t have an
adverse impdact on the overall environment of a typical heater installation.

F.10.5 Heat

The installation of an air preheat system results in a lower flue-gas: exit temperature, thereby reducipg thermal
pollution.

F.10.6 Effluent
The air preheater can collect small quantities of solids~combined with sulfur. The liquid effluent resdilting from
washdown clcles, if required, can contain particulates-combined with a weak acid that should be handled in an

appropriate dlisposal system. Normally, the additional quantities produced as a consequence of the gir preheat
system are negligible.

F.11 Preparing an enquiry

F.11.1 General

The purpose]| of this clause ds’to provide guidance and a checklist for obtaining sufficient information and data for
selecting the|most econgmical air preheat system and for preparing the required bid enquiry.

Prior to preparing a-bid*€nquiry, it is recommended that an economic study be conducted to justify the installation of
an air prehegt system.

F.11.2 Enquiry

Final selection of the air preheat system often requires cost and technical information on more than one system.
This information is usually obtained from suppliers responding to the bid enquiry.

A bid enquiry for an air preheat system should include

a) data on the existing or proposed fired heater or heaters to be provided with an air preheat system. These data
are available from the completed fired-heater data sheet and should include at least the information on
combustion design conditions. The fired-heater operating data are required to represent the intended heater
operation, which in the case of retrofit may vary from the original design data. If so, both the original and the
intended operating data should be supplied,
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b) air preheater specification sheet,

c) any information on space restrictions around the fired heater or heaters where the air preheat system is to be
located.

F.11.3 Air preheat system checklist
The following is a checklist of information and data to be included in the bid enquiry:

a) applicable local building rules and regulations;

b) environmental restrictions (noise, oxides of nitrogen and sulfur, and others);
c) space|limitations;
d) numbér of fired heaters to be served by the proposed air preheat system;

e) requirgd reliability and service factor of the fired heater or heaters and operating modes in fthe event of
equipment failure;

f) fired hieater data sheets:

1) total duty per heater in megawatts (MW) [British thermal units)per hour (Btu/h)], heat absorlped, for each
operating mode: normal, maximum and minimum;

2) all items designated by an asterisk (*);

3) eKcess air, percent;

4) radiation loss (lower heating value);

5) fuiel evaluation cost;

6) ppwer and other utility evaluation costs;
g) air prgheater data sheets:

1) aJl performance data;

2)

ist of accessoriesrequired.

Other spegial requireménts should be indicated on the data sheets at the time of enquiry.

F.12 Flue-gas dew point

F.12.1 General

The furnace designer should be aware of the various design and operational factors that affect flue-gas dew point
and corrosion rates, even though the designer only has control over a few of these variables. This summary of
some of the more significant published test work describing the potential impact of these factors is intended to

a) broaden the designer’s understanding of this complex phenomenon,

b) serve as a starting point for further individual study.

Wherever possible, results from commercial-size equipment are reported. The results from laboratory-size
equipment may not be directly applicable to commercial equipment design.
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Flue-gas dew point and corrosion are primarily related to the amount of sulfur trioxide present, not to the
predominant amount of sulfur, which is present as sulfur dioxide. The factors that encourage or inhibit the oxidation
of sulfur dioxide to sulfur trioxide are the significant factors. Many of these factors can be recognized as similar to
the significant factors in the production of oxides of nitrogen. The significant factors are

a)
b)

c)

fuel sulfur content,
fuel and flue-gas additives,

flue-gas oxygen content,

d) flue-gas

e) combust

f)

¢)]

furnace ¢
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noisturecontent;
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sulfur content
stigators have differed on the impact of sulfur content of the fuellah the flue-gas dew point. G
[ a commercial-size oil-fired boiler with fuel sulfur content varying from 0,75 % to 3,5 % (mas
bct relationship between flue-gas dew point and the sulfar. content of the fuel. Corbett’s t
ose of other investigators are plotted in Figures F.8 through F.10. Corbett’s test results,
r investigators, using commercial-size boilers are tabulated in Table F.3.

aboratory-size combustors and fuel sulfur contenats (mass fraction) in the range of 1 % to 5
19] report an increase in the flue-gas dew point‘of approximately 4 °C (7 °F) for each 1 % i

bylor and Lewis [20] report an increase in_the flue-gas dew point of approximately 9 °C (16 °
in fuel sulfur.

and flue-gas additives
ratory-size combustor, Rendle and Wilson [19] reported that by injecting ammonia vapo

n) sulfur, they were able:to reduce the dew point by 90 °C (160 °F) to very close to the

-gas:oxygen content

If the flue-g3

orbett [18]
s fraction)
est results
along with

06, Rendle
hcrease in
F) for each

ir into the

ed flue gas at a rate of 0,13 kg (0,06 Ib) of ammonia per kilogram (pound) of fuel containing 3,2 %

water dew

mmercial-size-boilers, Clark and Childs [21] report a 14 °C (25 °F) drop in dew point with magnesium
hydroxide fu¢l additives.

s oxygen content can be controlled to less than 0.5 %. the flue-gas dew point can be d

amatically

lowered. In tests of two operating industrial boilers, Bunz, Niepenberg and Rendle [22] demonstrated reductions in
dew point of 150 °C (300 °F) in one boiler and 38 °C (100 °F) in another boiler as the flue-gas oxygen was reduced
from 1,4 % to 0,2 %.

By reducing the excess air from 15 % (approximately 3 % oxygen) to 5 % (approximately 1 % oxygen), Clark and
Childs [21] report a dew point reduction of 17 °C (30 °F) in a commercial boiler. With flue-gas oxygen content
reductions from 8 % to 3 % at constant boiler load, Corbett’s data [18] indicate little change in dew point.
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F.12.5 Flue-gas moisture content

Flue-gas moisture is produced by the fuel hydrogen content, ambient humidity and atomizing steam. In analytical
laboratory tests, Martin [26] reports an increase in dew point of up to 8 °C (15 °F) as the flue-gas moisture content
increased from 10 % (typical fuel oil) to 18 % (typical fuel gas).

F.12.6 Combustion temperature (firing rate)

The commercial boiler data of Draaijer and Pel [24] indicate an 11 °C (20 °F) increase in flue-gas dew point with a
50 % increase in firing rate, and the boiler data of Bunz, Niepenberg and Rendle [22] indicate 25 °C (45 °F)
increase in dew point with a 100 % increase in firing rate.
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Figure F.8 — Dew points of flue-gas versus sulfur in fuel oil (test data from industrial boilers)
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Figure F.p — Dew(points of flue-gas versus sulfur in fuel oil (test data from industrial boilers and [25])
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Figure F.10 — Dew points of flue-gas versus sulfur in fuel oil
(test data from industrial boilers and data of Energy Technology, Inc.)
F.12.7 F|||rnace cleanliness

In a commercial-size boiler fired with heavy fuel oil, Clark and Childs [21] report that the flue-gas dew point is
reduced by 17 °C (30 °F) after each annual furnace cleaning.

F.12.8 Burner design

In a laboratory combustor, Attig and Sedor [25] demonstrated that recirculation of 25 % of the flue gases to the
burners reduced flue-gas sulfur trioxide concentration by one half (equivalent to a dew-point reduction of at least
6 °C [10 °F]) and reduced corrosion rates by more than one third. The very low excess-air operations reported by
Bunz, Niepenberg and Rendle [22] were achieved with a special low excess-air design burner.
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Table F.3 — Flue-gas dew-point data from oil-fired industrial boilers

Sulfur
esigr | St | cnent d’:z::f:; i, | s | Mo et | s | Ecaee
fraction)
% C (°F) °C (°F) °C (°F) kg/h x 1 000 %
Draaijer & Pel 1 3,55 158 (317) | 157 (315) | 159 (318) 4 40 —
[24] 2 3,55 142 (287) | 134 (273) | 149 (300) 15 9to 14 —
Bunz, 3 1,78 132 (270) | 121 (250) | 147 (297) 8 24and32 | 0,1t005
g::;gblgg § 3 1,90 129 (264) | 118 (244) | 138 (280) 6 24 and 32 ,1t0 1,5
4 2,10 116 (240) | 74 (165) | 147 (297) 10 24 and 32 D110 1,5
4 2,18 127 (261) | 86 (187) | 143 (289) 10 24 and 32 D110 1,5
4 1,90 108 (226) | 75(167) | 135 (275) 8 24\and 32 .1 to 1,4
4 3,61 127 (260) | 70(158) | 152 (306) 16 | %624and32 | P,1to1,4
Corbett [18] 5 2,60 130 (266) | 118 (245) | 138 (280) 49 9t0 23 4410132
5 2,00 127 (260) | 118 (245) | 132 (270) 25 9t0 23 3109,8
5 2,10 133 (271) | 118 (243) | 149 (300) 27 9t0 22 31t010,6
5 3,55 134 (274) | 125(257) | 144 (292) 39 9to 22 .7 t0 6,3
5 0,75 131 (267) | 121(250) | 141(285) 22 1310 18 3,6 0 8,2
Clark & Childp 6 3,97 125 (257) — ~ — — —
[21] 7 1,70 126 (258) — — — — —
8 1,82 126 (258) — — — — —
9 2,94 118 (245) K\ — — — —
10 3,29 134 (274) — — _ _ _
Martin [26] 11 (oil) 04 116 (240)@} 142 (287) @ | 120 (248) 2 8 100 .7 t0 3,6
1 (gas) 0,6 127 (2602 | 122 (252)@ | 131 (268)a | 15 100 D510 3,3
2 |ndirect meagurements from SO3 concentration-Eleéctrical conductivity probe method would probably give lower values.
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Annex G
(informative)

Measurement of thermal efficiency of fired process heaters

G.1 General

G.1.1 IntLoduction

This annex is intended to establish a standard approach for measuring the thermal effigiency of fired process
heaters. It|comprises a comprehensive step-by-step procedure for conducting the necessary tests and|reporting the
results.

This procgdure is intended to be used for fired heaters burning liquid or gaseous. fuels. It is not recojnmended for
determinirlg thermal efficiency if a solid fuel is being burned.

The test procedure considers only stack heat loss, radiation heat loss<and total heat input. Procgss data are
obtained for the purposes of reference and comparison only. Any-‘modifications of the procedyire and any
assumptions required for testing should be established before testing,

G.1.2 Terms, definitions and symbols

G.1.21 Terms and definitions
The followjng terms and definitions used in this annexare given for information.

G.1.211
thermal efficiency
total heat gbsorbed divided by total heat input

NOTE This definition differs from ithe-traditional definition of fired heater efficiency, which considers only the net heat of
combustion of the fuel (4 ) as heat input:

G.1.21.2
total heat|absorbed
total heat |nput minus total heat loss

G.1.21.3
total heat|input
sum of net heat of combustion of the fuel (%) and sensible heat of the air, fuel and atomizing medium

G.1.21.4
total heat loss
sum of radiation heat loss and stack heat loss

G.1.21.5
radiation heat loss
defined percentage of net heat of combustion of the fuel

G.1.2.1.6

stack heat loss

total sensible heat of the flue-gas components at the temperature of flue gas when it leaves the last heat exchange
surface
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G.1.21.7

sensible heat correction

sensible heat differential at test temperatures when compared with a datum temperature of 15 °C (60 °F) for air,
fuel and the atomizing medium

NOTE With steam as an atomizing medium, the datum enthalpy is 2 530 kJ/kg (1 087,7 Btu/Ib).

G.1.2.2 Symbols

The following symbols are used in this annex:

e net fRermar efficiency, expressed as a percentage.

eg grogs thermal efficiency, expressed as a percentage.

hL lower massic heat value of the fuel burned, in J/kg (Btu/lb).
hy highler massic heat value of the fuel burned, in J/kg (Btu/Ib).

a spegific heat capacity of the air, in J/kg-K (Btu/lb-°F).

Cpf spetific heat capacity of the fuel, in J/kg-K (Btu/lb-°F).

Cpm spetific heat capacity of the atomizing medium, in J/kg-K (Btu/Ib-°F).
Ahgy air §ensible massic heat correction, in J/kg (Btu/lb).

Ahs fuellsensible massic heat correction, in J/kg (Btu/Ib).

Ahm atornizing medium sensible massic heat correction, in J/kg (Btu/Ib).

hr radiption massic heat loss, in J/kg (Btu/Ib).
hg stagk massic heat loss, in J/kg (Btu/Ib).

T, air temperature, in °C (°F).

Tya ambient air temperature, in °C (°F).

Ty des|gn datum temperature, in °C{%F).

T, exit|flue-gas temperature, in *C/(°F).

T; fuelltemperature, in °C.(°F)).

Tm atorpizing medium 4emperature, in °C (°F).

G.1.3 Instrumentation

G.1.3.1 Gelneral

The instrumentation specified in G.1.3.2 and G.1.3.3 is required for the collection of data and the subsequent
calculations necessary to determine the thermal efficiency of a heater (see Figure G.1).

G.1.3.2 Temperature

A multi-shielded aspirating (high-velocity) thermocouple (see Figure G.2) shall be used to measure all temperatures
of the flue gas and temperatures of the preheated combustion air above 260 °C (500 °F). Thermocouples with
thermowells may be used to measure temperatures at or below 260 °C (500 °F).

Conventional measuring devices may be used to measure the temperatures of the ambient air, the fuel and the
atomizing medium. For a discussion of conventional temperature measurements, refer to APl RP 554.
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Figure G.1 — Instrument and measurement locations
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1 Thermocpuple junction
2 Thermocpuple wires to temperature-indicating instrument
3 Outer thip-wall 310 stainless steel tube
4 Middle thjn-wall 310 stainless steel tube
5  Centre thin-wall 310 stainless steel tube
6  Centring fripods
7 Air or stepm at 6 bar (ga) or more, in increments of 6 bar until stable
8  Hot gas gductor
Figure G.2 — Typical aspirating (high-velocity) thermocouple

G.1.3.3 Flye-gas analysis
A portable ol permanently installed analyser shall be used to analyse for oxygen and combustible gases|in the flue
gas. The anplysis of the flue gas may be made on either a wet or a dry basis, but the calculations shall be
consistent with the basis used. For@discussion of sampling systems and flue-gas analysers, refer to API[555.
G.1.4 Meagurement
The following measurefments shall be taken for reference purposes and for identification of heater| operating
conditions. If more than one process service or auxiliary stream is present, the data should be taken for all
services.
a) Fuel flowrate;
b) process flowrate;
c) process-fluid inlet temperature;
d) process-fluid outlet temperature;
e) process-fluid inlet pressure;
f) process-fluid outlet pressure;
g) fuel pressure at the burner;
h) atomizing-medium pressure at the burner;
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i) flue-gas draught profile.

G.2 Testing

G.2.1 Preparation for testing

G.21.1 The following ground rules shall be established in preparation for the test, prior to the date of the actual
test run:

a) the opnrqfing conditions that will prn\/qil fall |ring the test;

b) any rg-rating that will be necessary to account for differences between the test conditions.anfd the design
condifions;

c) the acfeptability of the fuel or fuels to be fired;
d) the selection of instrumentation types, methods of measurement and specific measurement locatigns.
G.21.2 All instrumentation that is to be used during the test shall be calibrated before the test.
G.21.3 Immediately before the actual test, the following items shall be,verified:

a) that the fired process heater is operating at steady-state conditions;

b) that the fuel to be fired is acceptable;

c) that the heater is operating properly with respect to;the size and shape of the flame, excess|air, flue-gas
draught profile, cleanliness of the heating surfaces.and balanced burner firing.

G.2.2 Tepting
G.2.21 The heater shall be operated at a-uniform rate throughout the test.

G.2.2.2 The test shall last for aminimum of 4 h. Data shall be taken at the start of the test and every 2 h
thereafter,

G.2.2.3 The duration of the“test shall be extended until three consecutive sets of collected data fall within the
prescribed limits listed in Table G.1.

Table G.1 — Allowed variability of data measurements

Datum Limit
Heating value of fuel +5%
Fuel rate +5%
Flue-gas combustibles content <0,1%
Flue-gas temperature +5°C (9 °F)
Flue-gas oxygen content +1%
Process flowrate +5%
Process temperature in +5°C (9 °F)
Process temperature out +5°C (9 °F)
Process pressure out +5%
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G224 The data shall be collected as follows.
— All of the data in each set shall be collected as quickly as possible, preferably within 30 min.

— The quantity of fuel gas shall be measured and recorded for each set of data, and a sample shall be taken
simultaneously for analysis.

— For gaseous fuels, the net heating value shall be obtained by composition analysis and calculation.

— The quantity of liquid fuel shall be measured and recorded for each set of data. It is only necessary to take one
sample for analysis during the test run.

— For liquid fuels, the net heating value shall be obtained by calorimeter test. Liquid fuels shall also beL analysed
to determine the hydrogen-carbon ratio, sulfur content, water content and the content of other-compdnents.

— Flue-gag samples shall be analysed to determine the content of oxygen and combustibles. Samplgs shall be
taken dgwnstream of the last heat-exchange (heat-absorbing) surface. If an air heatéeryis used, samples shall
be taken after the air heater. The cross-sectional area shall be traversed to obtain representative Jamples. A
minimum of four samples shall be taken, not more than 1 m (3 ft) apart.

— The flug¢-gas temperature shall be measured at the same location used ¢o*extract samples of flue gas for
analysis| Systems designed to operate on natural draught upon loss of\preheated air shall also measure the
flue-gas|temperature above the stack damper. If the measured temperature reveals leakage (thdt is, if the
stack temperature is higher than the temperature at the exit from:the air heater), then flue-gas samples shall
also be faken at this location to determine the correct overall thermal efficiency. The cross-sectionallarea shall
be traversed to obtain the representative temperature. A minimum of four measurements shall be |taken, not
more than 1 m (3 ft) apart.

G.2.25 The thermal efficiency shall be calculated fromieach set of valid data. The accepted final fesults will
then be the grithmetic average of the calculated efficienciés

G.2.2.6 Al of the data shall be recorded on the-standard forms presented in G.4.

G.3 Determination of thermal efficiency
G.3.1 Calcplation of thermal efficiency

G.3.1.1 Nek thermal efficiency

Figures G.3,/G.4 and G5 illustrate heat inputs and heat losses for typical arrangements of fired procgss heater
systems.

For the arrarlgements in Figures G.3, G.4 and G.5, the net thermal efficiency (based on the lower heatirjg value of
the fuel) can|be_determined by the following equation:

- Total heat absorbed
Efficiency = Total heat input X100

Also,

Total heat input — Total heat losses

Effici =
iciency Total heat input

Therefore,

(A, + Ahg + Ahg + Ahy) — (A, +hs)><
(h, + Ahg + Ahs + Ahyy,)

100 (G.1)
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where
e is the net thermal efficiency, expressed as a percentage;
hL is the lower massic heat value of the fuel burned, in kd/kg (Btu/Ib);
Ah, s the air sensible massic heat correction, in kJ/kg (Btu/Ib)

= cpa - (T3 — Tg) - [kg (Ib) of air per kg (Ib) of fuel], or the enthalpy difference multiplied by kg (Ib) of air
per kg (Ib) of fuel;

Ahg | Is the fuel sensible massic heat correction, in kJ/kg (Btu/lb)
=cpf - (T} — Ty);
Ahy, | is the atomizing medium sensible massic heat correction, in kd/kg ( Btu/lb);

= cpm * (T — Tg) - [kg (Ib) of medium per kg (Ib) of fuel], or the enthalpy. difference multiplied by kg (Ib) of
medium per kg (Ib) of fuel;

r is the assumed radiation massic heat loss, in kJ/kg (Btu/Ib) of fu€l;

s calculated stack massic heat loss (see Stack Loss Work :Sheet, G.5), in kd/kg (Btu/lb) of fugl.

G.3.1.2 (ross thermal efficiency

The gross|thermal efficiency of a fired process heater system is determined by substituting, in equation (G.1), the
higher heating value, Ay, in place of 4 and adding to a value equal to 2 464,9 kJ/kg (1 059,7 Btu/lb) of H,O
multiplied py the mass, m, in kilograms (pounds), of*t}50 formed in the combustion of the fuel, as followys:

hy + Ahg + Ahg + Ahpy) —[hr +hg +(m Hao X 2 464,9)}
= 100
“ (g + Mg + Al Ay ) 8

However,
hq=n+ MH50 X 24649
Making this substitution;d¢he equation reduces to the following:

(hgtB&hy + Ahg + Ahpy ) = (hy + hs)

eg = x 100
IR Ahg + Ahg + A )+ (myy0 x 2 464.,9)
Reducing further,
(hy + Ahg + Ahg + Ahp ) = (hy + hg)
eg = YRR, %100 (G.2)
( HT at ft m)
where
eg is the gross thermal efficiency, expressed as a percentage;

hy is the higher massic heat value of the fuel burned, in kd/kg (Btu/Ib) of fuel.
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Figure’G.3 — Typical heater arrangment with non-preheated air

Ahgat Ta=Ta,
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Figure G.4 — Typical heater:arrangment with preheated air from an internal heat sour
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Fi

dure G.5 — Typical heater arrangement with preheated air from an external heat sourc¢

G.3.2 Sample calculations

G.3.2.1 Gehneral

: L2099 L b (N9 4 1 4ot $lo £+l PAH e E'S ] lat ES
The examples——G3-22-through—G324ilustrate—the—use—of-the preceding—equations—to—<calettate—the thermal

efficiency of three typical heater arrangements.

G.3.2.2 Oil-fired heater with natural draught

In this example (see Figure G.3), the ambient air temperature (T3 5) is 26,7 °C (80 °F), the air temperature (73) is
26,7 °C (80 °F), the flue-gas temperature to the stack (7,) is 232 °C (450 °F), the fuel oil temperature (73) is 176 °C
(350 °F), and the relative humidity is 50 %. The flue-gas analysis indicates that the oxygen content (on a wet basis)
is 5% (volume fraction) and that the combustibles content is nil. The radiation heat loss is 1,5 % of the lower
massic heat value of the fuel. The analysis of the fuel indicates that its gravity is 10° API, its carbon-hydrogen ratio
is 8,06, its higher massic heat value (by calorimeter) is 42 566 kJ/kg (18 300 Btu/lb), its sulfur content is 1,8 %
(mass fraction), and its inerts content is 0,95 % (mass fraction). The temperature of the atomizing steam (7},) is
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185 °C (366 °F) at a pressure of 1,03 MPa (150 psi) gauge; the mass of atomizing steam per unit mass of fuel is

0,5 kg/kg (0,5 Ib/lb). G.6 contains the work sheets from G.5 filled out for this example.

The fuel’'s carbon content and the content of the other components are entered as mass fractions in

Column 3 of

the Combustion Work Sheet (see G.6) to determine the flue-gas components. By entering the fuel’s higher massic
heat value (4y) and its components on the Lower Massic Heat Value (Liquid Fuels) Work Sheet (see G.6), the

fuel’'s lower massic heat value (4 ) and carbon content (as a percentage) can be determined. Using
h =40 186 kJ/kg (17 277 Btu/lb) of fuel.

this method,

The radiation massic heat loss, #,, is determined by multiplying /| by the radiation loss expressed as a percentage.

Therefore, . = 0,015 x 40 186 = 602,8 kJ/kg ( = 0,015 x 17 277 = 259,2 Btu/Ib) of fuel.

The stack|massic heat loss, #g, is determined from a summation of the heat content of the flue-gasycq

mponents at

the exit flye-gas temperature, 7, (see Stack Loss Work Sheet, G.6). Therefore, hg = 4 788,4 kd/kg (2(058,5 Btu/lb)

of fuel at 432 °C (450 °F).

The sensiple massic heat corrections (Ah, for combustion air, Ak; for fuel and Aj,for atomizing
determinef as follows:

Ahgy =[cpq - (T, — Tg)-[kg (Ib) of air per kg (Ib) of fuel]

where

kg (Ib) of air per kg (Ib) of fuel = the sum of the values fromlines (b) and (e) on the Exd
Relative Humidity Work Sheet'(see G.6).

In S| units

Ah, 1,005 (26,7 - 15,6) x (13,86 + 4,896)

a
= 209,3 kd/kg of fuel
Ahs F cpryel - (T5 = Tg)

= 2,099 (176,7 — 15,6)
= 323,8 kd/kg of fuel

In US Cusfomary units:

steam) are

ess Air and

Ak, [ 0,24 (80 <60) (13,86 + 4,896)
= 90,0-Btu/lb of fuel
Ahs  E-cpper—{Lp=T)

= 0,48 (350 — 60)
= 139,2 Btu/lb of fuel
Ah, = Enthalpy difference x [kg (Ib) of steam per kg (Ib) of fuel]
In Sl units:
=(2780,7 -2530,0)x0,5

= 125,4 kJ/kg of fuel
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In US Customary units:

=(1195,5-1087,7)x0,5
= 53,9 Btu/lb of fuel
The net thermal efficiency can then be calculated as follows [see equation (G.1)]:

In Sl units:

,_ (40186+209,3+323,8-+125,4) - (602,9-+4788,1)
(40 186 + 2093 + 323,8 + 125 4)

100

= 86,8(%

In US Custorpary units:

. (17277+90,0+139,2+53,9) - (259,2 +2 058 5)
B (17 277 +90,0 +139,2 + 53,9)

x 100

The gross thermal efficiency is determined as follows [see equation (G.2)]:

In Sl units:

(40 186 +209,3 +323,8 +125,4) - (602,9+ 4 788,1) y
9 (42 566 +209,3 +323,8 +125,4)

100

=820 %

In US Custornary units:

L _(17277+90,0+139,2+539)~(259,2+2 0565)
9 (18 300 +90,0 +139,2 + 53,9)

100

=820 %

G.3.2.3 Gas-fired heater with preheated combustion air from an internal heat source

In this example (see Figure G.4);the ambient air temperature (73 5) is — 2,2 °C (28 °F), the air temperajure (73) is
also — 2,2 °¢ (28 °F), the flug=gas temperature at the exit from the air heater is 148,9 °C (300 °F), the fuel gas
temperature fis 37,8 °C (100°F) and the relative humidity is 50 %. The flue-gas analysis indicates that the oxygen
content (on a wet basis).is(3,5 % (vol. fraction) and that the combustibles content is nil. The radiation heat loss is
2,5 % of the|lower heating value of the fuel. The analysis of the fuel indicates that the fuel's methane|content is

The fuel's h_is determined by entering the fuel analysis in Column 1 of the Combustion Work Sheet (see G.7) and
dividing the total heats of combustion (Column 5) by the total fuel mass (Column 3). Therefore,
h = 354 858/8,420 = 42 147 kJ/kg of fuel (h_ = 335 629/18,523 = 18 120 Btu/lb of fuel).

The radiation massic heat loss, #,, is determined by multiplying /| by the radiation loss expressed as a percentage.
Therefore, i, = 0,025 x 42 147 = 1 053,7 kJ/kg of fuel (= 0,025 x 18 120 = 453,0 Btu/lb of fuel).

The stack massic heat loss, g, is determined from a summation of the heat content of the flue-gas components at

the exit flue-gas temperature, T, (see Stack Loss Work Sheet, G.7). Therefore, hs = 2 747,5 kJ/kg of fuel at
148,9 °C (1 181,2 Btu/lb of fuel at 300 °F).
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The sensible massic heat corrections , Ak, for combustion air and A% for fuel, are determined as follows:
Ahg = cpy X (T — Ty) x [kg (Ib) of air per kg (Ib)of fuel]

In Sl units:
=1,005 (- 2,2 - 15,6) x (14,344 x 1,2 + 0,201)
= — 313,3 kJ/kg of fuel

In US Customary units:

_ PPN
= 0,24(28=60) (14,344 < 1;2+0;201)

B4,7 Btu/lb of fuel
Ahf = "pr (Tf_ Td)

—_

In Sl units
=2,197 (37,8 — 15,6)
= 48,8 kJ/kg of fuel

In US Cusfomary units:
= 0,525 (100 — 60)
= 21,0 Btu/lb of fuel

The net thermal efficiency can then be calculated as follows [s€eequation (G.1)]:

In Sl units

42147 ~313,3+48,8)-(1053,7 + 2747,5)
(42147 —313,3+48,8)

—

100

=90,9 %
In US Cusfomary units:

18120 —134,7 +21)— (453,0+ 1 181,2)
= % 100
(18,120 — 1347+ 21)

—

=90,9 %

To determjne the gross thermal efficiency, follow the procedure in G.3.1.2 (see also G.3.2.1).

G.3.24 (as-fired heater with preheated combustion air from an external heat source

This examlpleé (see Figure G.5) uses the same data that were used in G.3.2.2 except for the following ghanges: The
air temperature (73) is 148,9 °C (300 °F), the flue-gas temperature to the stack (7,) is 260 °C (500 °F), and the flue-
gas analysis indicates that the oxygen content (on a dry basis) is 3,5 % (volume fraction). G.8 contains the Excess
Air and Relative Humidity Work Sheet and Stack Loss Work Sheet from G.5 filled out for this example.

h_ and Ahs are determined exactly as they were in G.3.2.2. Therefore, i = 42 147 kJ/kg (18 120 Btu/Ib) of fuel, and
Ahs = 1053,7 kd/kg (453,0 Btu/lb) of fuel.

In this example, the oxygen reading was taken on a dry basis, so the values for kg (Ib) of water per kg (Ib) of fuel
should be entered as zero when correcting for excess air (see Excess Air and Relative Humidity Work Sheet, G.8).
The calculation for total kg of H>O per kg (Ib of H,O per Ib) of fuel (corrected for excess air) is again performed
using values for water and moisture (see Excess Air and Relative Humidity Work Sheet).
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