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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 1SO
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-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft ‘internation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 1

for pptroleum, petrochemical and natural gas industries, Subeommittee SC 6, Processing eq
systgms.

This

revised.

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

3705 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshd

third edition cancels and replaces the second edition (ISO 13705:2006), which has bee

Part 2.
al Standards
cation as an

ect of patent

re structures
uipment and

n technically
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Introduction

Users of this International Standard should be aware that further or differing requirements may be needed for
individual applications. This International Standard is not intended to inhibit a vendor from offering, or the
purchaser from accepting, alternative equipment or engineering solutions for the individual application. This
may be particularly applicable where there is innovative or developing technology. Where an alternative is

offered, the vendar should identify any variations from this International Standard and provide details

In Internationjal Standards, the Sl system of units is used. Where practical in this International Standarg, US

Customary (USC) units are included in brackets for information.

A bullet (o) &t the beginning of a clause or subclause indicates that either a decision is fequired or flrther
information i to be provided by the purchaser. This information should be indicated jon’data sheets| (see
examples in Annex A) or stated in the enquiry or purchase order. Decisions should be-indicated on a chgcklist

(see exampl¢ in Annex B).

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

1
This
fabrig
fans

This

2 Normative references

The

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu

ISO

ISO 1
Part

ISO 8501-1, Preparation of steel substrates before application of paints and related produg

asse
subs

ISO

ISO 1
petro

ISO
IEC ¢

EN 1
alloy

1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and 1

10684, Fasteners — Hot dip.galvanized coatings

15649, Petroleynyand natural gas industries — Piping

Scope
International Standard specifies requirements and gives recommendations for the| desig

ation, inspection, testing, preparation for shipment, and erection of fired heaters) air hes
and burners for general refinery service.

following referenced documents are indispensable for the! application of this documen

ment (including any amendments) applies.

940-1:2003, Mechanical vibration — Balance\quality requirements for rotors in a constant (
[ - Specification and verification of balance tolerances

ssment of surface cleanliness - )Part 1: Rust grades and preparation grades of un
rates and of steel substrates after.overall removal of previous coatings

3704, Petroleum, petrochemical and natural gas industries — Calculation of heater-tube
eum refineries

0079 (alkparts), Electrical apparatus for explosive gas atmospheres

D025-2:2004", Hot rolled products of structural steels — Part 2: Technical delivery condit
structural steels

n, materials,
ters (APHs),

nternational Standard is not intended to apply to the design of steam reformers or pyrolysis furnaces.

t. For dated
b referenced

est methods

igid) state —

ts — Visual
coated steel

thickness in

ons for non-

ABMA Standard 92, Load Ratings and Fatigue Life for Ball Bearings

AMCA 2103, Laboratory Methods of Testing Fans for Aerodynamic Performance Rating

AMCA 801:2001, Industrial Process/Power Generation Fans — Specifications and Guidelines

1 European Committee for Standardization (CEN), Rue de Stassart 36, B-1050 Brussels, Belgium.
2 American Bearing Manufacturers Association, 2025 M. Street, NW, Suite 800, Washington, DC 20036, USA.
3 Air Movement and Control Association, 30 West University Drive, Arlington Heights, IL 60004, USA.
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ASME B 17.14, Keys and Keyseats

ASME Boiler and Pressure Vessel Code, Section VI, Pressure Vessels

ASTM A 365,

Standard Specification for Carbon Structural Steel

ASTM A 53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless

ASTM A 105
ASTM A 106

, Standard Specification for Carbon Steel Forgings for Piping Applications

, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service

ASTM A 123

ASTM A 143
Steel Produd

ASTM A 153
ASTM A 181

ASTM A 182
Fittings, and

ASTM A 192

ASTM A 193
Pressure Se

ASTM A 194
Temperature

ASTM A 209
ASTM A 210

ASTM A 213
Heat-Exchar

ASTM A 216
Temperature

ASTM A 217
Containing A

ASTM A 234
and High Te

ASTM A 240

Q4 g I Q A L £ =Z: L PN A R I £ Il Q4 1D 'l 4
lalridard oPeuhnitatior 10r £Ire (riot=Uip QGaivdrilZ&U) Loalirigys Ul Irourr drid olecr r-rouucls

Standard Practice for Safeguarding Against Embrittlement of Hot-Dip Galvanized~Stru
ts and Procedure for Detecting Embrittlement

Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware
Standard Specification for Carbon Steel Forgings, for General-Purpose Piping

Standard Specification for Forged or Rolled Alloy and Stainless:Steel Pipe Flanges, Fi
Valves and Parts for High-Temperature Service

Standard Specification for Seamless Carbon Steel Boiler Tubes for High-Pressure Service

Standard Specification for Alloy-Steel and Stainless Steel\Bolting for High-Temperature or
vice and Other Special Purpose Applications

Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High-Pressure or
Service, or Both

Standard Specification for Seamless Carbon=Molybdenum Alloy-Steel Boiler and Superheater T
Standard Specification for SeamlessMedium-Carbon Steel Boiler and Superheater Tubes

Standard Specification for Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheate
ger Tubes

Standard Specification\ for Steel Castings, Carbon, Suitable for Fusion Welding, for
Service

Standard Specification for Steel Castings, Martensitic Stainless and Alloy, for Pres
arts, Suitable for High-Temperature Service

Standard-~Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel for Mod
nperature.Service

Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheef

ctural

brged

High-

High-

ubes

. and

High-

sure-

erate

and

Strip for Pres

sureVessels and for General Applir\atinno

ASTM A 242
ASTM A 283

, Standard Specification for High-Strength Low-Alloy Structural Steel

, Standard Specification for Low and Intermediate Tensile Strength Carbon Steel Plates

ASTM A 297, Standard Specification for Steel Castings, Iron-Chromium and Iron-Chromium-Nickel, Heat
Resistant, for General Application

ASTM A 307

, Standard Specification for Carbon Steel Bolts and Studs, 60 000 PSI Tensile Strength

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.
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ASTM A 312, Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless
Steel Pipes

ASTM A 320, Standard Specification for Alloy Steel and Stainless 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 335, Standard Specification for Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service

ASTM A 351, Standard Specification for Castings, Austenitic, for Pressure-Containing Parts

AST

A 376, Standard Specification for Seamless Austenitic Steel Pipe for High-Temperature C

Service

AST

A 384, Standard Practice for Safequarding Against Warpage and Distortion Durifig, Hot-Dif

of Steel Assemblies

AST
AST
AST
AST

A 385, Standard Practice for Providing High-Quality Zinc Coatings (Hot-Dip)

A 387, Standard Specification for Pressure Vessel Plates, Alloy Steelz=Chromium-Molybde
A 403, Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings

A 447, Standard Specification for Steel Castings, Chromium-Nickel-Iron Alloy (25-12 Cla

Temperature Service

AST
AST
AST

A 560, Standard Specification for Castings, Chromium-Nickel Alloy
A 572, Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structure
A 608, Standard Specification for Centrifugally Cast Iron-Chromium-Nickel High-Allo)

Pressure Application at High Temperatures

AST
AST
AST
AST
AST
AST
AST
AST
ASTM

B 366, Standard Specification for Factory-Made Wrought Nickel and Nickel Alloy Fittings
B 407, Standard Specification for-Nickel-lron-Chromium Alloy Seamless Pipe and Tube
B 564, Standard Specification for Nickel Alloy Forgings

B 633, Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel

C 27, Standard Classification of Fireclay and High-Alumina Refractory Brick

C 155, Standard Classification of Insulating Firebrick

C 332, Standard Specification for Lightweight Aggregates for Insulating Concrete

C A0y Standard Classification of Alumina and Alumina-Silicate Castable Refractories

bntral-Station

Galvanizing

num

5s), for High-

| Steel

Tubing for

6 andard Specification for Mineral Fiber Block and Board Thermal Insulation

AWSS D 1.1, Structural Welding Code — Steel

AWS D 14.6, Specification for Welding of Rotating Elements of Equipment

NFPA 707, National Electrical Code

SSPC

SP 6/NACE No 38, Commercial Blast Cleaning

6 American Welding Society, 550 NW Le Jeune Road, Miami, FL 33126, USA.
7 National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02269-9101, USA.
8 The Society for Protective Coatings, 40, 24th Street, Pittsburg, PA 15222-4643, USA.
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3 Terms, definitions, abbreviated terms and symbols

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

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

3.1 Terms and definitions

3.1.1
air heater

air preheater

APH

heat transfef

temperature,

3.1.2
anchor
tieback
metallic or re

313
arch
flat or sloped

3.14
atomizer
device used

3.1.5

backup layer

refractory lay

3.1.6

apparatus through which combustion air is passed and heated by a medium_of 'f
such as combustion products, steam or other fluid

fractory device that holds the refractory or insulation in place

portion of the heater radiant section opposite the floor

o reduce a liquid fuel oil to a fine mist, using steam;air‘or mechanical means

er behind the hot-face layer

balanced-draught heater

heater that u

317

breeching
heater sectig
outlet ductwg

3.1.8
bridgewall
gravity wall
wall that sep

ses forced-draught fans to supply combustion air and induced-draught fans to remove flue g

n where flue gases are-collected after the last convection coil for transmission to the stack
rk

brates two adjacent heater zones

igher

ASES

br the

3.1.9

bridgewall temperature
temperature of flue gas leaving the radiant section

3.1.10
burner

device that introduces fuel and air into a heater at the desired velocities, turbulence and concentration 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, which may be

designated as

“dual fuel” or “combination”.

© 1SO 2012 - All rights reserved
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3.1.11
butterfly damper
single-blade damper, which pivots about its centre

3.1.12
casing
metal plate used to enclose the fired heater

3.1.13
castable
insulating concrete poured or gunned in place to form a rigid refractory shape or structure

3.1.1.|:I
ceramic fibre

fibroys refractory insulation which can be in the form of refractory ceramic fibre (RCF) or man-nade vitreous
fibre [MMVF)

NOTE Applicable forms include bulk, blanket, board, modules, paper, coatings, pumpables and vpcuum-formed
shapgs.

3.1.1p

convection section

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

311
corrgsion allowance
matefial thickness added to allow for material loss during the design life of the component

311
corrgsion rate
rate of reduction in the material thickness due to chemical attack from the process fluid or flue gasg or both

3141
crossover
intergonnecting piping between any two heater-coil sections

heat exchanger that transfers heat directly between the flue gas and the combustion air

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

3.1.22
draught
negative pressure (vacuum) of the air and/or flue gas measured at any point in the heater

3.1.23

draught loss

pressure drop (including buoyancy effect) through duct conduits or across tubes and equipment in air and flue
gas systems

© 1SO 2012 - All rights reserved 5
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3.1.24
duct
conduit for ai

3.1.25

r or flue gas flow

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.
3.1.26

thermal effic
total heat ab
from air, fuel

3.1.27
erosion

tiency
sorbed divided by the total input of heat derived from the combustion of fuel plus sensible
and any atomizing medium

reduction in Mnaterial thickness due to mechanical attack from a fluid

3.1.28
excess air
amount of ai

NOTE Ex

3.1.29
extended su
heat-transfer

3.1.30
extension rg
ratio of total

3.1.31
flue gas
gaseous pro

3.1.32
forced-drau
heater for wh

3.1.33

above the stoichiometric requirement for complete combustion

Cess air is expressed as a percentage.

rface
surface in the form of fins or studs attached to the\heat-absorbing surface

tio
putside exposed surface to the outside-surface of the bare tube

Juct of combustion including excess air

ght heater
ich combustion-aif.is supplied by a fan or other mechanical means

fouling allowance

factor to allo

NOTE1  Th

v for a-Jayer of residue that increases the pressure drop

isTesidue is usually a build-up of coke or scale on the inner surface of a coil.

heats

NOTE 2  The fouling allowance is used in calculating the fouled pressure drop.

3.1.34

fouling resistance
factor used to calculate the overall heat transfer coefficient

NOTE The inside fouling resistance is used to calculate the maximum metal temperature for design. The external
fouling resistance is used to compensate the loss of performance due to deposits on the external surface of the tubes or
extended surface.

© 1SO 2012 - All rights reserved
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3.1.35

guillotine

isolation blind

single-blade device used to isolate equipment or heaters

3.1.36

header

return bend

cast or wrought fitting shaped in a 180° bend and used to connect two or more tubes

3.1.37
hea
internally insulated compartment, separated from the flue gas stream, which is used to encloSe|a number of
headgrs or manifolds

NOT Access is afforded by means of hinged doors or removable panels.

313
heat fabsorption
total heat absorbed by the coils, excluding any combustion air preheat

3.1.3p
average heat flux density
heat pbsorbed 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 ¢xtension ratio
noted

3.1.4p
maximum heat flux density
maximum local rate of heat transfer in the coil section

3.1.4
total |heat release
heat [iberated from the specified fuel, using the lower heating value of the fuel

3.1.4p
volumetric heat release
heat feleased (net) divided by the net volume of the radiant section, excluding the coils and refragtory dividing
walls

3.1.43
higher heating value
gross heating value
total heat obtained from the combustion of a specified fuel at 15 °C (60 °F)

314

Iower heating value
net heating value
higher heating value minus the latent heat of vaporization of the water formed by combustion of hydrogen in
the fuel

3.1.45
hot-face layer
refractory layer exposed to the highest temperatures in a multilayer or multi-component lining

3.1.46
hot-face temperature
temperature of the refractory surface in contact with the flue gas or heated combustion air

© 1SO 2012 - All rights reserved 7
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3.1.47
indirect APH
fluid-to-air heat-transfer device

NOTE The heat transfer can be accomplished by using a heat-transfer fluid, process stream or utility stream that has
been heated by the flue gas or other means. A heat pipe APH uses a vaporizing/condensing fluid to transfer heat between
the flue gas and air.

3.1.48

induced-draught heater

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

3.1.49
interface temhperature
calculated temperature between each layer of multilayer or multi-component refractory construction

3.1.50

jump over
interconnecting pipework within a heater coil section

3.1.51
louvre damper
damper condisting of several blades, each of which pivots about its centreyand is linked to the other blades for
simultaneoug operation

3.1.52
manifold
chamber for fhe collection and distribution of fluid to or from multiple parallel flow paths

3.1.53
man-made Vitreous fibre
MMVF
synthetic amprphous glass insulation fibre, based‘on a calcium, magnesium and silicate chemistry, thgt has
enhanced soubility in body fluids

3.1.54
metal fibre neinforcement
stainless-stegl needles added to castable for improved toughness and durability

3.1.55
monolithic ljning
single-compgnent lining system

3.1.56
mortar
refractory—mTteriaI preparation used for laying and bonding refractory bricks

3.1.57
multi-component lining
refractory system consisting of two or more layers of different refractory types

NOTE Examples of refractory types are castable, insulating firebrick, firebrick, block, board and ceramic fibre.

3.1.58
multilayer lining
refractory system consisting of two or more layers of the same refractory type

3.1.59

natural-draught heater
heater in which a stack effect induces the combustion air and removes the flue gases

8 © 1SO 2012 — All rights reserved
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3.1.60
normal heat release
design heat absorption of the heater divided by the calculated fuel efficiency

3.1.61

pass

stream

flow circuit consisting of one or more tubes in series

chamber surrounding the burners that is used to distribute air to the burners or reduce combustiof noise

3.1.6

plug|header
cast freturn bend provided with one or more openings for the purpose of inspection or meghanical tube
cleaning

3.1.6
pressure design code
recognized pressure vessel standard specified or agreed by the’purchaser

EXAMPLE ASME Boiler and Pressure Vessel Code, Section VIII.

3.1.6

pressure drop
difference between the inlet and the outlet.static pressures between termination points, exclud|ng the static
differpntial head

3.1.6
primary air
portign of the total combustion air-that first mixes with the fuel

3.1.68
protective coating
corrogion-resistant niatefial applied to a metal surface

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

3.1.6P
radignt-section
portian af the heater in which heat is transferred to the tubes primarily by radiation

3.1.70

radiation loss

setting loss

heat lost to the surroundings from the casing of the heater and the ducts and auxiliary equipment (when heat
recovery systems are used)

3.1.71

secondary air
air supplied to the fuel to supplement primary air

© 1SO 2012 - All rights reserved 9


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

3.1.72
setting
heater casing, brickwork, refractory and insulation, including the tiebacks

3.1.73

shield section

shock section

tubes that shield the remaining convection-section tubes from direct flame radiation

3.1.74

sootblower

device used te-remeve-seot-orotherdepeositsfrom-heat-abserbing-surfacesirthe-cenvection-section
> )

NOTE Steam is normally the medium used for soot-blowing.

3.1.75

stack

vertical condlit used to discharge flue gas to the atmosphere

3.1.76
strake
spoiler
metal attachment to a stack that can prevent the formation of von Karman. vortices that can cause wind-
induced vibration

3.1.77
structural design code
structural degign standard specified or agreed by the purchaser

EXAMPLE International Building Code.

3.1.78
target wall
reradiating wall

vertical refragtory firebrick wall which is exposed to direct flame impingement on one or both sides

3.1.79
temperature allowance
number of degrees Celsius (Fahrenheit) to be added to the process fluid temperature to account for flow mal-
distribution apd operating unknowns

NOTE The temperature.allowance is added to the calculated maximum tube-metal temperature or the equiyvalent
tube-metal temperature to.obtain the design metal temperature

3.1.80
terminal

flanged or welded connection to or from the coil providing for inlet and outlet of fluids |

3.1.81
tube guide
device used with vertical tubes to restrict horizontal movement while allowing the tube to expand axially

3.1.82
tube retainer
device used to restrain horizontal radiant tubes from lifting off the intermediate tube supports during operation

3.1.83

tube support

tube sheet

device used to support tubes

10 © 1SO 2012 — All rights reserved
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vapour barrier
metallic foil placed between layers of refractory as a barrier to flue gas flow

3.2 Abbreviated terms and symbols

3.2
APH

NO,

Abbreviated terms
air preheater

oxides of nitrogen. i.e. nitrous oxide. nitric oxide

PMI

SCR

3.2.2

max

positive materials identification

selective catalytic reduction

Symbols

fitting loss coefficient from Table F.2

pressure-drop correction factor for temperature taken from Figure-F.8 b)

roughness correction factor, as follows:

— very rough (e.g. brick): 1,0
— medium-rough (e.g. castable refractory): 0,68
— smooth (e.g. unlined steel): 0,45

largest diameter

duct inside diameter, in millimétres or inches
shell diameter, expressed-in millimetres (inches)

minimum yield strength of ring stiffener at the shell design temperature, expressed in
square millimetre (pounds per square inch)

minimum.yield strength of shell material at design temperature, expressed in newton
millimégtre' (pounds per square inch)

stack height, expressed in metres (feet)

newtons per

5 per square

higher heating value
lower heating value

ring spacing, expressed in millimetres (inches)

maximum circumferential moment per unit length of shell, expressed in newton metres per metre

(inch-pounds per inch)

corrected pressure drop per 30 linear metres (100 linear feet), expressed in mm H,O (in H,0)

uncorrected pressure drop taken from Figure F.8 a)

© 1SO 2012 - All rights reserved

11


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:

2012(E)

dma  areic mass flow rate, in kilograms per square metre per second (kg/m2-s~1) or pounds per square foot

per second (Ib/ft?-s~1)
Sc Scruton number
t corroded shell thickness, expressed in millimetres (inches)
v linear velocity, in metres per second [feet per second (ft/s)]
Ve critical wind velocity
X calcylated value, expressed in metres (feet)

VA secti
Or critic
o perm
P flow

Y visco

4 Gener

bn modulus of ring, expressed in cubic millimetres (cubic inches)

bl compressive stress, in newtons per square metre (pounds per square inch)
itted deviation (execution tolerance)

Hensity, in kilograms per cubic metre (kg/m3) [pounds per cubic foot (Ib/ft3)]

sity, in millipascal-seconds (mPa-s) [centipoise (cP)]

i||

4.1 Pressure design code

The pressurg design code shall be specified or agreed by the purchaser. Pressure components shall cg

with the pres|

4.2 Regu

The purchas|
national regy

sure design code and the supplementalrequirements in this International Standard.

ations

er and the vendor shall mutually determine the measures required to comply with any lo
lations applicable to the equipment.

4.3 Heate

nomenclature

mply

tal or

coils
Ctural
ctural
ations
-fired

Figure 1 illustrates some typical heater types.

Figure 2 illustrates typical burner arrangements.

Various combinations of Figures1 and 2 can be used. For example, Figure 1c) can employ burner
arrangements as in Figure 2 a), b) or c). Similarly, Figure 1 d) can employ burner arrangements as in

Figure 2a)o

rd).

Figure 3 shows typical components.

Annex F gives guidelines for the design, selection and evaluation of air preheat (APH) systems. Figures F.1,
F.2 and F.3 show typical APH systems.

12
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c) Sidewall-fired d) Sidewall-fired multilevel

Figure 2 — Typical burner arrangements (elevation view)
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20
Key
1 access door 7  convection section 13 header box
2 arch 8  corbel 14 radiant section
3 breeching 9  crossover 15 shield tube
4  bridgewall 10 radiant tube 16 observation door
5 burner 11 extended surface 17 tube support
6 casing 12 return bend 18 refractory lining

Figure 3 — Heater components

© 1SO 2012 - All rights reserved
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end-tube sheet
pier

stack/duct
platform
process in
process out
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5 Proposals

5.1

5.1.1

Purchaser's responsibilities

The purchaser's enquiry shall include data sheets, checklists and other applicable information outlined

in this International Standard. This information shall include any special requirements or exceptions to this
International Standard.

5.1.2 The purchaser is responsible for providing the correct process specification to enable the vendor to
prepare the fired-heater design. The purchaser should complete, as a minimum, those items on the data sheet
that are desi

nated by an asterisk (*).

51.3 The

514 The
data reports,
vendor, as re

burchaser's enquiry shall state clearly the vendor's scope of supply.

purchaser's enquiry shall specify the number of copies of drawings, data sheets{ specifica
operating manuals, installation instructions, spare parts lists and other data to.he-supplied g
quired by 5.2, 5.3 and 5.4.

5.2 Vendor's responsibilities

The vendor's

a)

b)

)

proposal shall include:

complet¢d data sheets for each fired heater and the associated equipment (see examples in Annex A

an outlir
platform

full defin
number,

detailed

e drawing showing firebox dimensions, burner layout and clearances, arrangement of tub
5, ducting, stack, breeching, APH and fans;

ition of the extent of shop assembly (format given in Annex C may be used), including
size and mass of prefabricated parts and the. niumber of field welds;

description of any exceptions to the specified requirements;

a completed noise data sheet if specified by the purchaser;

curves f
as a fun

atimes
a progra
time for

required

a list of |

br heaters in vaporizing seryice, showing pressure, temperature, vaporization and bulk velo
ction of the tube number;

hedule for submission of all required drawings, data and documents;
mme for scheduling the work after receipt of an order; this should include a specified perioc
the purchaserto review and return drawings, procurement of materials, manufacture and

date of supply;

tilitiescand quantities required;

tions,
y the

City

if specifi

(i AR 1o Lot of lo A (v 41 H (T I S ] 4
cU Dy Ui Purtliasct, d 1ot Ul SUU=SUPPICTS PrUpuUsStU TUT LT PIpTS dlTu Tty S, LU Tabtivall

n,

extended surfaces on tubes, castings, steel fabrication, ladders and platforms, refractory supply,
refractory installation, APHSs, fans, burners and other auxiliary equipment.

5.3 Documentation

5.3.1

Drawings for purchaser's review

The vendor shall submit general arrangement drawings of each heater, for review. The final general
arrangement drawings shall include the following information:

a) heater service, the purchaser's equipment number, the project name and location, the purchase order

16

numbers and the vendor's reference number;
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5.3.2| Foundation-loading diagrams

The

shall include the following information:

5.3.3] Documents for purchaser's review

The

ISO 13705:2012(E)

coil terminal sizes, including flange ratings and facings; dimensional locations; direction of process flow;
and allowable loads, moments and forces on terminals;

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;

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

a coil design code or recommended practice and fabrication code or specification;

£ 4 o lad: 4 flai ol <l H 4 4 4
ETTaCloTy aimu miourdtivlimT iy pPeS, tIMURTTCOSTS Al U STT VILT TP aturc 1atiitys,

types and materials of anchors for refractory and insulation;

Igpcation and number of access doors, observation doors, burners, sootblowers, dampers ard instrument
gnd auxiliary connections;

I¢pcation and dimension of platforms, ladders and stairways;

gverall dimensions, including auxiliary equipment.

endor shall submit for the purchaser's review foundation-loading diagrams for each heater.|[The diagram

number and location of piers and supports;
baseplate dimensions;
gnchor bolt locations, bolt diameters and;projection above foundations;

dead loads, live loads, wind or earthquake loads, reaction to overturning moments and lateralfshear loads.

endor shall also submit to the purchaser the following documents for review and comment (individual

staggs of fabrication shall.not proceed until the relevant document has been reviewed and commegnted upon):

a)
b)
c)
d)
e)
f)

)]

h)

dtructural steel.drawings, details of stacks, ducts and dampers and structural calculations;
Rurner assembly drawings and, if applicable, burner piping drawings;

tube-support details and, if specified by the purchaser, design calculations;

thermowell and thermocouple details;
welding, examination and test procedures;
installation, dry-out and test procedures for refractories and insulation;

refractory thickness calculations, including temperature gradients through all refractory sections and
sources of thermal conductivities;

decoking procedures if specified by the purchaser;

© 1SO 2012 — All rights reserved 17
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i) installation, operation and maintenance instructions for the heater and for auxiliary equipment such as
APHs, fans, drivers, dampers and burners;

j) performance curves or data sheets for APHSs, fans, drivers and burners and other auxiliary equipment;

k) noise data sheets if specified by the purchaser.

5.3.4 Certified drawings and diagrams

After receipt of the purchaser's comments on the general arrangement drawings and diagrams, the vendor
shall furnish certified general arrangement drawings and foundation loading diagrams. The vendor shall
furnish desigh-detail drawings, erection drawings and an erection sequence. Drawings of auxiliary equigment
shall also be[furnished.

5.4 Final reports

Within a speicified time after completion of construction or shipment, the vendor shall furnish the purchaser
with the following documents:

a) data sheets and drawings representing the as-manufactured equipment; in the event field-changes jpre
made, g3s-built drawings and data sheets shall not be provided unless, specifically requested by fhe
purchasgr;

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

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

—

d) performpnce curves or data sheets for APHs, fansdrivers and burners and other auxiliary equipmer
e) bill of materials;

f)  noise d3ta sheets if specified by the purchaser;
g) refractofy dry-out procedures;

h) decoking procedures;

i) test cerffficates for tubessupport castings;

j)  all othentest documents, including test reports and non-destructive examination reports.

6 Design considerations

6.1 Process design

6.1.1 Heaters shall be designed for uniform heat distribution. Multi-pass heaters shall be designed for
hydraulic symmetry of all passes.

6.1.2 The number of passes for vaporizing fluids shall be minimized. Each pass shall be a single circuit
from inlet to outlet.

6.1.3 Average heat flux density in the radiant section is normally based on a single row of tubes spaced at

two nominal tube diameters. The first row of shield-section tubes shall be considered as radiant service in
determining the average heat flux density if these tubes are exposed to direct flame radiation.

18 © 1SO 2012 — All rights reserved
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6.1.4 Where the average radiant heat flux density is specified on the basis of two nominal diameters, the
vendor may increase the flux rate for other coil arrangements, e.g. for three nominal diameters or double-
sided firing, provided the maximum flux, including mal-distribution, does not exceed that based on two nominal
diameters.

6.1.5 The maximum allowable inside film temperature for any process service shall not be exceeded
anywhere in the specified coil.

6.2 Combustion design

6.2.1 Margins provided in the combustion system are not intended to permit operation of the heater at
greater than the design process duty.

6.2.2| Calculated fuel efficiencies shall be based on the lower heating value of the design fliel and shall
includle a radiation loss of 1,5 % of the calculated normal fuel heat release. Heaters @mploying flue gas/air
preheat systems shall include a radiation loss of 2,5 % of the fuel heat release based on the Ipwer heating
valug.

6.2.3| Unless otherwise specified by the purchaser, calculated efficiencies for_natural-draught operation shall
be based upon 20 % excess air if gas is the primary fuel and 25 % excess.air if oil is the primafy fuel. In the
case|of forced-draught operation, calculated efficiencies shall be based-on 15 % excess air for|fuel gas and
20 %|excess air for fuel oil.

6.2.4] The heater efficiency and tube-wall temperature shall“be calculated using the spetified fouling
resisfances.

NOTEH Annex G gives guidance on the measurement of efficiency.

6.2.5| Volumetric heat release of the radiant section shall not exceed 125 kW/m3 (12 000 Btu/h/ft3) for oil-
fired heaters and 165 kW/m3 (16 000 Btu/h/ft3) for gas-fired heaters based upon the design heat @absorption.

6.2.6| Stack and flue gas systems shall bedesigned so that a negative pressure of at least 25 Pa (0,10 in of

water column) is maintained in the archsection or point of minimum draught location (which is typically below
the shield section) at 120 % of normal.heat release with design excess air and design stack tempgrature.

6.3 | Mechanical design

6.3.1| Provisions for thermal expansion shall take into consideration all specified operating conditions,
inclugling short-term conditions such as steam-air decoking.

6.3.2 If specified~by the purchaser, the convection-section tube layout shall include spage for future
installation of seotblowers, water washing or steam-lancing doors.

6.3.3 If'the heater is designed for heavy fuel-oil firing, sootblowers shall be provided for convgction-section
cleaning. If light fuel oils such as naphtha are to be fired, the purchaser shall specify whether soTthowers are
to be cllpplind

6.3.4 The convection-section design shall incorporate space for the future addition of two rows of tubes,
including the end and intermediate tube sheets. 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 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.
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6.3.6

For single-fired, box-type, floor-fired heaters with sidewall tubes only, an equivalent height-to-width

factor shall be determined by dividing the height of the wall bank (or the straight tube length for vertical tubes)
by the width of the tube bank and applying the following limitations:

Design absorption
MW (Btu/h x 108)

Height-to-width ratio Height-to-width ratio

max. min.

Up to 3,5 (12) 2,00 1,50
3,5t07 (1210 24) 2,50 1,50
Over 7 (24) 2,75 1,50

6.3.7 Shie
6.3.8 Excd
minimize the
6.3.9 The

heaters, unle

6.3.10 For
(60 ft). For h
(40 ft).

6.3.11 Radi
line of 1,5n

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 baffl
amount of flue gas bypassing the heating surface.

minimum clearance from grade to burner plenum or register shall be 2m (6,5 ft) for floor
ss otherwise specified by the purchaser.

vertical-tube, vertical-fired heaters, the maximum radiant straight\tube length shall be 1
brizontal heaters fired from both ends, the maximum radiant straight tube length shall be 1

bminal tube diameters, with a clearance of not lessthan 100 mm (4 in) from the refractq

Bs to

-fired

B.3 m
P 2 m

ant tubes shall be installed with a minimum spacing from-refractory or insulation to tube c¢ntre-

ry or

insulation. For horizontal radiant tubes, the minimum clearanceg*from floor refractory to tube outside diaeter

shall be not |

6.3.12 The

pss than 300 mm (12 in).

heater arrangement shall allow for replacement of individual tubes or hairpins without disty

adjacent tubgs.

6.313 If s
450 mm (18
Provide a mi
in the space

7 Tubes

7.1 Gene

7.1.1 Tubd

becified by the purchaser, the layout of tubes in the convection section shall incorpor:
in) fin-tip-to-fin-tip vertical gap_or. space every eight tube rows to allow access for inspe
nimum of one access door, having a minimum clear opening of 600 mm x 600 mm (24 in x 2
between each set of tubessheets in each vertical gap. Permanent platforms are not required.

al

-wallthickness for coils shall be determined in accordance with ISO 13704, in which the pra

limit to mini
determined i

um thickness for new tubes is specified. For materials not included, tube-wall thickness sh

rbing

hAte a
ction.
4 in),

ctical
bl be

accordance with 1ISO 13704 using stress values mutually agreed upon between purchase

I 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:

b)

c)

20

low alloys through 9Cr-1Mo:

above 9Cr-1Mo through austenitic steels:

3 mm (0,125 in);
2 mm (0,080 in);

1 mm (0,040 in).
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Maximum tube-metal temperature shall be determined in accordance with ISO 13704. The tube-metal
temperature allowance shall be at least 15 °C (25 °F).

7.1.4 All tubes shall be seamless. Tubes shall not be circumferentially welded to obtain the required tube
length, unless approved by the purchaser, in which case the location of welds shall be agreed by the
purchaser. 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.

7.1.5 Tubes, if projected into header box housings, shall extend at least 150 mm (6 in), in the cold position,
beyond the face of the end tube sheet, of which 100 mm (4 in) shall be bare.

7.1.6
4,00;
proce

71.7
as th

7.2

7.21
tube

Tube size (outside diameter in inches) shall be selected from the following sizes: 2,375
4,50; 5,563; 6,625; 8,625; or 10,75. Other tube sizes should be used only if warrante
ss considerations.

If the shield and radiant tubes are in the same service, the shield tubes shall be of the s
b connecting radiant tubes.

Extended surface

The extended surface in convection sections may be studded (where each stud is att
by arc or resistance welding) or finned (where helically wound fins are high-frequency,

weldgd to the tube). The purchaser shall specify or agree the typé of extended surface to be prg

2,875; 3,50;
d by special

bme material

Ached to the

continuously
vided. In the

case|of finning, the purchaser shall specify or agree whether thefins shall be solid or segmented [serrated).
7.2.2| Metallurgy for the extended surface shall be; Selected on the basis of maximum dalculated tip
tempgrature as listed in 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)
2 1/4Cr-1Me;-5Cr-1/2Mo 593 (1 100) 549 (1 000)
11-13Cr 649 (1 200) 593 (1 100)
18€r-8Ni stainless steel 815 (1 500) 815 (1 500)
25Cr-20Ni stainless steel 982 (1 800) 982 (1 800)
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)
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7.3 Materials

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

Table 3 — Heater-tube materials specifications

TP 316, TP 316H and TP 316L

Material ASTM specifications

Pipe Tube
Carbon steel A53,A106 GrB A 192, A210 Gr A1
Carbon-1/2Mo A 335 Gr P1 A 209 Gr T1
111/4Cr-1/2Mo A 335 Gr P11 A213GrT11
2|1/4Cr-1Mo A 335 Gr P22 A 213 GrT22
3Cr-1Mo A 335 Gr P21 A 213 Gr T21
5Cr-1/2Mo A 335 GrP5 A213GrT5
5[Cr-1/2Mo-Si A 335 Gr P5b A 213 Gr T5b
9Cr-1Mo A 335 Gr P9 A 213 GrF9
9Cr-1Mo-V A 335 Gr P91 A 218 Gr T91
1BCr-8Ni A 312, A 376, A 213,

TP 304, TP 304H and TP 304L TP 304y/TP 304H and TP 304L

1BCr-12Ni-2Mo A 312, A 376, A 213,

TP 316, TP 316H and TP 316L

1BCr-10Ni-3Mo A 312, A 213,

TP 317 and TP 317L TP 317 and TP 317L
1BCr-10Ni-Ti A 312, A 376, A 213,

TP 321 and TP 321H TP 321 and TP 321H
1BCr-10Ni-Nb?@ A 312, A 376, A 213,

TP 347 and\TP 347H TP 347 and TP 347H
Nickel alloy B\407 B 407
8D0 H/800 HTP
2pCr-20Ni A 608 Gr HK40 A 213 TP 310H

Niobium (Nb) was formerly ¢alled columbium (Cb).

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 as given in
ISO 13704 and shall be reduced by casting-quality factors if made from castings. Casting-quality factors shall
be in accordance with ISO 15649.

NOTE For the purposes of this provision, ASME B 31.3[151 is equivalent to ISO 15649.

8.1.2 Headers shall 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 The specified header wall thickness shall include a corrosion allowance. This allowance shall not be
less than that used for the tubes.
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Plug headers

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.

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
drainjrg:
8.2.4| If plug headers are specified to be used with horizontal tubes that are 18,3 m (60 ft) o longer, two-
hole plug headers shall be used for both ends of the coil assembly. For shorter coils, plug heaflers shall be
provifled 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 ingtalled 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 in accordance with a fitting-location drawing.
8.2.7| Type 304 stainless-steel thermowells, if required for temperature measurement and corjtrol, shall be
provifled in the plugs of the headers.
8.2.8| Tube centre-to-centre dimensions shall be as shewn'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 (4,00)°
73,0 (2,875) 127,0 (5,00)2
88,9+(3,50) 152,4 (6,00)2
101,6 (4,00) 177,8 (7,00)2
114,3 (4,50) 203,2 (8,00)2
127,0 (5,00) 228,6 (9,00)
141,3 (5,563) 254,0 (10,00) 2
152,4 (6,00) 279,4 (11,00)
168,3 (6,625) 304,8 (12,00) 2
193,7 (7,625) 355,6 (14,00)
219,1 (8,625) 406,4 (16,00)2
273,1 (10,75) 508,0 (20,00) 2
NOTE Centre-to-centre dimensions are applicable only to manufacturers' 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.
8.2.9 Plugs and screws shall be assembled in the fittings with an approved compound on the seats and

screws to prevent galling.

©I1SO

2012 — All rights reserved
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8.3 Return bends

8.3.1 Return bends should be used for the following conditions:

a) inclean

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;

d) where mechanical pigging is the specified cleaning method.

8.3.2 Retufn bends inside the firebox shall be selected for the same design pressure and temperature as
the connecting tubes. Return bends inside a header box shall be selected for the same design pressure gs the

connecting t
location plus
tubes.

Ibes and for a design temperature equal to the maximum fluid operating temperattre af that
a minimum of 30 °C (55 °F). Return bends shall be at least the same thickness as\the connecting

8.3.3 Regardless of the location of the welded return bends, the heater design shall)incorporate megns to

permit convenient removal and replacement of tubes and return bends.

8.3.4 Londitudinally welded fittings shall not be used.

8.4 Materjals

8.41 Plug
other specifig

8.4.2 Cast
or by using Iq

header and return bend material shall conform to theZASTM specifications listed in Table 5 or to
ations if agreed by the purchaser.

fittings shall have the material identification pefmanently marked on the fitting with raised letters
w-stress stamps.
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Table 5 — Plug header and return bend materials

ISO 13705:2012(E)

Material ASTM specifications
Forged Wrought Cast
Carbon steel A 105 A 234, WPB A 216, WCB
A 181, class 60 or 70
C-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
2 t14Cr-tivio A T82,F22 A 234 WP22 A2ty, WCO
3Cr-1Mo A 182, F21 — —
5Cr-1/2Mo A 182, F5 A 234, WP5 A217,C5
9Cr-1Mo A 182, F9 A 234, WP9 A 21f7, C12
9Cr-1Mo-V A 182, F91 A 234, WP9I1 A 217, C12A
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
18Cr-8Ni Type 304L A 182, F304L AA03, WP304L A 351, CF8
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 A 351, CF8M
16Cr-12Ni-2Mo Type 316L A 182, F316L A 403, WP316L A 351, CF3M
18Cr-10Ni-3Mo Type 317 A 182, F31¥ A 403, WP317 —
18Cr-10Ni-3Mo Type 317L A 182, F317L A 403, WP317L —
18Cr-10Ni-Ti Type 321 A 182, F321 A 403, WP321 —
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 A 351, CF8C
Nickel alloy 800H/800HT4 B 564 B 366 A 351 CT-15C
25Cr-20Ni A 182, F310 A 403, WP310 ':%%1 ’, iKng
a IYIinimum grainssize shall be ASTM #5 or coarser.
9 iping, terminals and manifolds
9.1 1

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

ISO 15649.

NOTE For the purposes of this provision, ASME B 31.3[15] is equivalent to ISO 15649.

© 1SO 2012 - All rights reserved
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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 The purchaser shall specify if low-point drains and high-point vents are required, in which case they
shall be accessible from outside the heater casing.

9.1.7 Manifolds and external piping shall be located so as not to block access for the removal of single
tubes or hairpins.

9.1.8 Manifolds inside a header box shall be selected for the same design pressure as the connecting fubes
and for a degsign temperature equal to the maximum fluid operating temperature at that location' pjus a
minimum of 30 °C (55 °F).

9.2 Allowpble movement and loads

Heater termipals shall be designed to accept the moments, M, forces, F, or movements shown in Figlre 4,
and Tables g and 7 for tubes and Figure 5 and Tables 8 and 9 for manifolds.
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a) Horizontal tubes b) Vertical tubes

Key

1 tube centreline

Figure 4 — Diagram of forces for tubes
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Table 6 — Allowable forces and moments for tubes

ISO 13705:2012(E)

Key

1 manifold centreline

a) Horizontal manifold

© 1SO 2012 - All rights reserved

Pipe size Force Moment
DN (NPS) Fy F, My M, M,
N (Ibf) N (Ibf) N (Ibf) N-m (ft-Ibf) N-m | (ftIbf) [ N-m | (ftIbf)
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)
1255 +06+T1(225 12002 456 20021 (456) 1895 (6607 676 (560 78 (500)
150 (6) 1112 | (250) | 2224 (500) 2224 | (500) [ 990 (730) 746 (550) 46 (550)
2qo (8) 1334 | (300) | 2669 (600) 2669 | (600) [ 1166 (860) 881 (650) 81 (650)
25p (10) 1557 | (350) | 2891 (650) 2891 | (650) | 1261 (930) 949 (700) D49 (700)
30p (12) 1779 | (400) | 3114 (700) 3114 | (700) [ 1356 | (1000) | 1Q17 | (750) | 1{017 | (750)
Table 7 — Allowable movements for tubes
Dimensions in millimetres (inches)
Terminals Allowable movement
Horizontal tubes Vertical tubes
Ax Ay Az Ax Ay Az
Radiant a a + 25 +1) 25 (1) a a 25 (1) 25 (1)
Convection a a +13 | 4+ 0,5) 13 05 | — — — — — —
NOTH Except where noted, the above movements\are allowable in both directions (+).
@ o be specified by heater vendor.
+X
+y * A
*A M
F X
F My N \X')
D ) ~
1 i \\\
e
™S -, M S
T F tyt-— N ———1 - ———
Z +— ,/ X = +X 44 Fy ; F,
5 | 1. LA
Mz Fz I 1 &| . \L +z
+z I \ MZ
|
|
|
|

b) Vertical manifold

Figure 5 — Diagram of forces for manifolds
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Table 8 — Allowable forces and moments for manifolds

Manifold Force Moment
size Fy Fy F, M, M, M,
DN (NPS)
N (Ibf) N (Ibf) N (Ibf) N-m (ft-1bf) N-m (ft-1bf) N-m | (ftbf)
150 (6) | 2224 | (500) | 4448 | (1000) | 4448 | (1000) | 1980 | (1460) | 1492 | (1100) | 1492 | (1100)
200 (8) | 2668 | (600) | 5338 | (1200) | 5338 | (1200) | 2332 | (1720) | 1762 | (1300) | 1762 | (1300)
250 (10) | 3114 | (700) | 5782 | (1300) | 5782 | (1300) | 2522 | (1860) | 1898 | (1400) | 1898 | (1400)
300 (12) | 35581800} | 6228 | (1400) | 6228 | (1400) | 2712 | (2000) | 2034 | (1500) | 2034 | (1500)
350 (14) | 4004 | (900) | 6672 | (1500) | 6672 | (1500) | 2902 | (2 140) | 2170 | (1600) | 2 170N (*600)
400 (16) | 4/448 | (1000) | 7117 | (1600) | 7117 | (1600) | 3092 | (2280) | 2305 | (1700) | 2805 | (1[700)
450 (18) | 4/893 | (1100) | 7562 | (1700) | 7562 | (1700) | 3282 | (2420) | 2441 | (1800)([2441 | (1800)
500 (20) | 5/338 | (1200) | 8006 | (1800) | 8006 | (1800) | 3471 | (2560) | 2576 | (1200) | 2576 | (1/900)
600 (24) | 5782 | (1300) | 8451 | (1900) | 8451 | (1900) | 3661 | (2700) | 2712 |((2000) | 2712 | (2(000)
Table 9 — Allowable movements for manifolds
Dimensions in millimetres (inghes)
Terminals Allowable movement
Horizontal manifolds Vertical manifolds
Ax Ay Az Ax Ay Az
Ragiant 13 | (0,5) 0 0) A a 0 0) 13 | (0,5) a a
Conyection 13 (0,5) 0 (0) A a — — — — — —
NOTE The|above movements are allowable in both directions™ ().
a8  Azis to be|specified by heater vendor.
9.3 Materjals
External crogsover piping shall be\of the same metallurgy as the preceding heater tube; internal crossover
piping shall e of the same metallurgy as the radiant tubes.

10 Tube suppports

10.1 Gene

al

10.1.1 The

deSign temperature for tube supports and guides exposed to flue gas shall be based on design

operation of the furnace as follows:

a) for the radiant and shock sections and outside the refractory, the flue gas temperature to which the
supports are exposed plus 100 °C (180 °F); the minimum design temperature shall be 870 °C (1 600 °F);

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

c) maximum flue gas temperature gradient across a single convection intermediate tube support shall be
222 °C (400 °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

10.1.

10.2| Loads and allowable stress

10.2.

10.2.

a)

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

materials shall be used.

Minimum thickness of tube sheets shall be 12 mm (0,5 in).

austenitic stainless steel or nickel alloy as listed in Table 11.)

amaged by the tubes. The sleeve material shall be austenitic.stainless steel.

b The following shall apply to the supporting of extended-surface tubes.

permit easy removal and insertion of the tubes without binding.
fFor studded tubes, a minimum of three rows’of studs shall rest on each support.

For finned tubes, at least five fins shall\rest on each support.

I Tube-support loads_shall be determined as follows.
lloads shall be determined in accordance with acceptable procedures for supporting contir
0,30.

Frictiondoads shall be based on all tubes expanding and contracting in the same direction

dead-load stress:

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.

© 1SO 2012 - All rights reserved

mot be\eonsidered to be cancelled or reduced due to movement of tubes in opposite directionss.

Tube sheets shall be structural plate. If the tube-sheet design temperature exceeds 425 :C (800 °F), alloy

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 (5 in) for the radiant section.)(Anchors shall be made from

$leeves with an inside diameter at least 12 mm (0,5 in) greatef than the tube or the extended-surface
outside diameter shall be welded to the tube sheet at each tube hole, to prevent the refractory from being
g

Intermediate supports shall be designed to preventimechanical damage to the extended surface and shall

uous beams

¢n multiple supgorts (e.g. AISCI2]). Friction loads shall be based on a friction coefficient of hot less than

Loads shall

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

10.2.4 Stregs data shall be as presented in Annex D.

10.3 Materjals

10.3.1 Tubg-support materials shall be selected for maximum design temperatures-as ‘shown in Table 10.
Other materigls and alternative specifications shall be subject to the approval of the purchaser.

10.3.2 If the tube-support design temperature exceeds 650 °C (1 200 °F) andythe fuel contains moreg than
100 mg/kg total vanadium and sodium, the supports shall exhibit one of‘the following design details, as
specified or ggreed by the purchaser:

a) construdted of stabilized 50Cr-50Ni metallurgy, without any coatingj

b) for radiant or accessible supports only, covered with 50\mm (2 in) of castable refractory hav|ng a
minimum density of 2 080 kg/m3 (130 Ib/ft3).

Table 10 — Maximum design temperatures for tube-support materials

Material ASTM specification Maximum design temperature
Casting Plate °C (°F)
Carbon steel A 216 Gr WCB A 283 GrC 425 (800)
21/4Cr-[[Mo A 217 Gr WC9 A 387 Gr 22, Class 1 650 (1200
5Cr-1/2Mo A 217 Gr.C5 A 387 Gr 5, Class 1 650 (1 200
19Cr-gNi 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 lI — 980 (1 800
25Cr-20Ni — A 240, Type 310H 870 (1 600
25Cr-20Ni A 351 Gr HK40 — 1090 (2 000
50Cr-50Ni-Nb A 560 Gr 50Cr-50Ni-Nb — 980 (1 800
For exposed fadiant-and-shisld-section-tube-supportsthe-material-shall-be-25Cr12Ni-alloy-or-higher—
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11 Refractories and insulation

11.1 General

11.1.1 Selection of refractory and insulating materials is at least partially based on the anticipated operating
temperature and the classification temperature for the material. The following temperature definitions are to be
used when making refractory selections.

— Rated temperature is a classification temperature for refractory materials, as defined by each refractory
manufacturer, in accordance with specifications such as ASTM. Manufacturers most often use the terms
“service temperature”, “maximum temperature rating” and “classification temperature” to _describe the

ted temperature of the refractory product.

— Design temperature is the calculated hot-face temperature plus the required design-maigin, and the
alculated interface temperature plus that same design margin if there is morefthan a sipgle layer of
fractory. The selected design temperature for each layer of refractory shall b€\ equal to or Jess than the
tated continuous-use limit for the refractory product.

— Continuous-use limit temperature is the manufacturer's stated temperature limit at which the refractory
roduct does not suffer degradation during extended use at that.témperature. It is alsp sometimes
ferred to as the “recommended use limit”.

— Hot-face temperature is the calculated temperature at the refractory surface in contact with the flue gas or
e heated combustion air.

— Interface temperature is the calculated temperature at'the intersection of each different layer of refractory
aterial if multilayer or multi-component refractory censtruction is used.

11.1. The temperature of the outside casing of the radiant and convection sections and hot dlictwork shall
not exceed 82 °C (180 °F) at an ambient temperature of 27 °C (80 °F) with zero wind velocity. Radiant floors
shall jnot exceed 90 °C (195 °F).

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

11.1.4 Each layer of refractory shall be suitable for a design temperature at least 165 °C (300 ) above the
calculated hot-face or calculated interface temperature. The minimum design temperature fof refractories
used|in the radiant and shield’sections of the heater is 980 °C (1 800 °F).

11.1.p 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 with a 1 370 °C (2 500 °F) service temperature and a minimum cold crugh strength of
3 450 kN/m2 (500! psi) after drying at 110 °C (230 °F).

11.1.p Buthner blocks shall be suitable for a service temperature of at least 1 650 °C (3 000 °F).

11 1 7 _“Taraot walle with flam

Farget-wals-with-flame
least a 1 540 °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 rated temperature not less than 1 540 °C (2 800 °F).

im mnaamaent on both cidoc chall ha canctriintad Af hinh Avidy fie brlck Wlth at

Dl
T g e O oot oG T oo T~ CoTotraCtCcC— o g ooty — T

11.1.8 Target walls with flame impingement on one side shall be of brick or of plastic refractory with a rated
temperature of at least 1 540 °C (2 800 °F). Either may be backed by a castable or ceramic fibreboard.

11.1.9 Expansion joints shall be provided around burner blocks, brick and pre-fired shapes.

11.1.10 Access doors shall be protected from direct radiation by a refractory system of at least the same
thermal rating and resistance as the adjacent wall lining.

11.1.11 Refractory anchors are not mandatory for floor castable, unless required for shipping considerations.
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11.1.12 Maxi

mum temperatures for anchor tips are listed in Table 11.

Table 11 — Maximum temperatures for anchor tips

11.2 Brick
11.2.1 BricK
11.2.2 Radi
least high-dJ
ratio of each
the steel wal

11.2.3 Gra\

chemically compatible with adjacent refractory, including at the rated temperature of the brick.

11.2.4 Verti
expansion jo|
be used, thaf

11.2.5 Floo
intervals. Th
loose bulk, fq

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 1700
TP 330 stainless steel 1038 1900
Alloy 601 (UNS N06601) 1093 2000

Ceramic studs and washers > 1093 >2000

and tile construction

construction may be used for gravity walls and floors or as hot-face layers.

ant chamber walls of gravity construction shall not excéed 7,3 m (24 ft) in height and shall
ty fireclay brick. The base width shall be a minimumyof 8 % of wall height. The height-to
wall section shall not exceed 5 to 1. The walls shall be self-supporting and the base shall reg
, hot on another refractory.
ity walls shall be of mortared construction. The mortar shall be non-slagging, air-sg
Ccal expansion joints shall be provided-at gravity-wall ends and required intermediate location
nts shall be kept open and free 10 move. If the joint is formed with lapped brick, no mortar
is, it shall be a dry joint.

brick shall not be mortared. A 13 mm (0,5 in) gap for expansion shall be provided at 1,8 m

rm.

11.2.6 Mini

expected flame impingement and 1 260 °C (2 300 °F) for other exposed-wall applications. Minimum s¢
temperature for shielded walls shall be 1 095 °C (2 000 °F).

11.2.7 All

framing menjbers. All tie members shall be austenitic alloy material, except that pipe supports located

um servicedemperature for a hot-face brick layer shall be 1430 °C (2 600 °F) on walls

ickMinings on vertical flat casing shall be tied back to, and supported by, the structural

be at
width
st on

tting,

s. All
shall

(6 ft)

s gap may be packed_with fibrous refractory material of similar rated temperature, in strip, not

with
rvice

steel

n the

backup layer may be carbon steel. At least 15 % of the bricks shall be tied back. It is not necessary for the

brick lining on the cylindrical casing to 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 by the calculated service temperature; carbon steel is satisfactory up to
370 °C (700 °F).

11.2.9 Expansion joints shall be provided in both vertical and horizontal directions of the walls, at wall edges
and about burner tiles, doors and sleeved penetrations.
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11.3 Castable construction

11.3.1 Hydraulic-setting castables are suitable as refractory lining material for all areas of fired heaters. Only
premixed refractory products shall be used and the equivalent of a 1:2:4 volumetric mix of lumnite-haydite-
vermiculite product shall be limited to use at a design temperature of 1 040 °C (1900 °F). If the lumnite-
haydite-vermiculite equivalent is used as a hot-face material, it shall be used only in clean-fuel applications
and shall be limited to a maximum thickness of 200 mm (8 in) on arch and wall areas.

11.3.2 For dual-layer castable construction, the hot-face layer shall be a minimum of 75 mm (3 in) thick.
Except for the floor, the anchoring systems shall provide independent support for each layer.

or a castable
-face.

but shall not
arches. The

in diameter.

11.3.p Castable linings in header boxes, breechings and lined flue/gas ducts and stacks shall not be less
than pO mm (2 in) thick.

11.3.f In castable linings up to 50 mm (2 in) thick, fencing ot wire mesh shall be used for gnchoring the
lining. The purchaser shall specify or agree if carbon steel material is acceptable.

11.3.B Metallic fibre may be added for reinforcement only in castables of density 880 kg/m3| (55 Ib/ft3) or
highgr. Metallic fibres shall be limited to no more tham,3 % mass fraction of the dry mixture.

11.3.p Low-iron-content (maximum 1,5 % massfraction) materials shall be used when the total heavy-metals
contgnt of the fuel exceeds 100 mg/kg (100 ppm, by mass).

11.3.10 Castables with low iron content,-er heavy-weight castables, shall be used on exposed ho}-face walls if
the tptal heavy-metals content, including sodium, within the fuel exceeds 250 mg/kg (250 pprh, by mass).
Heawy-weight castables shall havé'a minimum density of 1 800 kg/m3 (110 Ib/ft3) with an Al,O3 dontent 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 %.

11.3.f11 Hydraulic-setting’ castables, in particular light-weight and medium-weight insulating castables, are

suscgptible to the development of alkaline hydrolysis (carbonization) placed under high ambient femperatures
and/qr high-humidity conditions shortly after placement. See 16.5.8 regarding placement and curipg.

11.4| Ceramic-fibre construction

11.4.4 pecified-eragreed-by-thepurchaser;
in all heater areas except stacks, ducts and floors.

may be used

11.4.2 The hot-face of layered ceramic-fibre blanket installations shall be a minimum of 25 mm (1 in) thick,
128 kg/m3 (8 Ib/ft3) density, needled material. Ceramic fibreboard, if applied as a hot-face layer, shall not be
less than 38 mm (1,5 in) thick nor have a density less than 240 kg/m3 (15 Ib/ft3). Backup layers of ceramic-
fibre blanket shall be needled material with a minimum density of 96 kg/m3 (6 Ib/ft3). The size of the ceramic
fibreboard, 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.
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11.4.4 The hot-face layer of a ceramic-fibre blanket system shall be anchored at a maximum distance of
75 mm (3 in) from all edges.

11.4.5 The anchor spacing for arches shall not exceed the following rectangular pattern: 150 mm x 225 mm
(6inx9in) for 300 mm (12in) wide blankets; 225 mm x 225 mm (9inx9in) for 600 mm (24 in) wide
blankets; 225 mm x 250 mm (9inx 10in) for 900 mm (36in) wide blankets; and 225 mm x 270 mm
(9inx 10,5 in) for 1 200 mm (48 in) wide blankets.

11.4.6 The anchor spacing for walls shall not exceed the following rectangular pattern: 150 mm x 225 mm
(6inx9in) for 300 mm (12 in) wide blankets; 225 mm x 300 mm (9inx 12in) for 600 mm (24 in) wide
blankets; and 270 mm x 300 mm (10,5 in x 12 in) for 1 200 mm (48 in) wide blankets.

11.4.7 Methllic anchor parts that are not shielded by tubes shall be completely wrapped with ceramia-fibre
patches or bg protected by ceramic retainer cups filled with mouldable ceramic fibre.

11.4.8 Cerpmic-fibre blanket shall not be used as the hot-face layer if flue gas velocities @re’ in excgss of
12 m/s (40 fifs). Wet-blanket, ceramic fibreboard, or ceramic-fibre modules shall be used,on hot-face layers
with velocitigs greater than 12 m/s (40 ft/s) but less than 24 m/s (80 ft/s). Hot-face refractory with veldcities
greater than P4 m/s (80 ft/s) shall have castable or external lining.

11.4.9 Cergmic-fibre blanket shall be installed with its longest dimension in the direction of gas flow. Thé hot-
face layer of|the blanket shall be constructed with all joints overlapped. Overlaps shall be in the direction of
gas flow. Hot-face layers of ceramic fibreboard shall be constructed with tight\butt joints.

11.4.10 Cerpmic-fibre blanket used in backup layers shall be installed. with butt joints with at least 2p mm
(1 in) comprgssion on the joints. All joints in successive layers of blanket shall be staggered.

11.4.11 Cerpmic-fibre blanket modules shall be installed in*“soldier-course (with batten strips) patferns.
Parquet patt¢rn may be used only on arches.

11.4.12 Module systems shall be installed so that joints at each edge are compressed to avoid gaps due to
shrinkage.

11.4.13 Modules applied in arches shall be designed so that anchorage is provided over at least 80 % ¢f the
module width.

11.4.14 Andchors shall be attached to the ¢asing before modules are installed.

11.4.15 Andchor 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 11).
11.4.17 If cgramic-fibre)construction is used with fuels having a sulfur content exceeding 10 mg/kg (10|ppm,

by mass), the casing shall have an internal protective coating, specified or agreed by the purchaser, to
prevent corrgsiof, The protective coating shall be rated for a 175 °C (350 °F) service temperature.

11.4.18 A vapour barrier of austenitic stainless-steel Toil shall be provided if the fuel sulfur content exceeds
500 mg/kg (500 ppm, by mass). 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 by 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 (100 ppm, by mass).

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 Anchors shall be installed before applying protective coating to the casing. The coating shall cover
the anchors so that uncoated parts are above the acid dew-point temperature.
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11.5 Multi-component lining construction

11.5.1 Castable layers shall have a minimum thickness of 75 mm (3 in).
11.5.2 The anchoring system shall provide retention and support for each component layer.

11.5.3 Anchor types and installation for individual lining components shall meet the applicable requirements
of 11.2, 11.3 and 11.4.

11.5.4 The material used in any layer shall be suitable for service temperatures in accordance with 11.1.4
and 11.4.3.

11.5.p Brick may be used for hot-face service or as a backup layer if the hot-face layer is brick.
11.5.p Block insulation shall be made of calcium silicate or mineral-wool fibre, with.a minimum service-
temperature rating of 983 °C (1 800 °F). Block insulation shall be used only as a backup.material) but shall not
be uged if the fuel sulfur content exceeds 1 % mass fraction in liquid fuel or 100 mg/kg hydrogen gulfide in gas
fuel. Block insulation shall not be used as backup material in floor construction.
11.5.F If insulating block or ceramic fibre is used as backup insulation, .the casing shall have a protective
coating if the fuel sulfur content exceeds 10 mg/kg. The protective coating shall be rated for 179 °C (350 °F)
servige temperature.

11.5.B If used as backup for castable, block insulation or ceratnic-fibre blanket shall be sealgd to prevent
water migration from the castable.

11.5.p The minimum density of insulating block and ceramic-fibre blanket used as backup matgrials shall be
130 Hg/m3 (8 Ib/ft3).

11.6( Materials

11.6.1 Materials shall conform to the followihg ASTM specifications or equivalent:
a) fjreclay brick, ASTM C 27;

b) ipsulating firebrick, ASTM C155;

c) ¢astable refractory, ASTM-C 401, Class N, O, P, Qor R;

d) Vermiculite sieve analysis, ASTM C 332, Group | density;

e) ipsulating bleck (mineral-slag wool, neutral pH), ASTM C 612, CL5;

f)  hayditeFASTM C 332, Group I

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 43 % and the remainder shall be primarily SiO,
or ZrO,.
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12 Structures and appurtenances

12.1 General

1211

structural design code.

12.1.2 Minimum design loads for wind and earthquake shall conform to the structural design code.

12.1.3 Platform live loads shall be in accordance with the structural design code.

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

12.1.4 Strug
shipment, e
when the fur
wind load, e

12.1.5 Desi
plus 55 °C (
operating mg

12.1.6 The
into account

121.7 The

lowest specified ambient temperature when the furnace is not in opetation.

12.2 Struc

12.2.1 All I

transmitted ipto the refractory.

12.2.2 Strug

12.2.3 Heater casing shall be plate of aminimum thickness of 5 mm (3/16 in), which shall be reinf

against warp
(1/4 in). Floo

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

12.2.5 The
installed or w

12.2.6 Flat-
structural me
pitched roofs

tures and appurtenances shall be designed for all applicable load conditions expectedyd
ection, operation, and maintenance. Cold-weather conditions shall be considered, jpartic
nace is not in operation. These load conditions shall include, but are not limited to,) dead
rthquake load, live load and thermal load.

100 °F), based on the maximum flue gas and/or combustion air temperature expected f
des with an ambient temperature of 27 °C (80 °F) in still air.

effect of elevated design temperature on yield strength and modulus of elasticity shall be
see Table 12).

material of the structures and appurtenances shall be adequate for all load conditions 4§

ures

ads from the tubes and headers shall be.supported by the structural steel and shall n

tural steel shall be designed to permiitateral and vertical expansion of all heater parts.

ing. Casing, if calculated te-resist buckling stresses, shall have a minimum thickness of
r and radiant roof plates shalthave a minimum thickness of 6 mm (1/4 in).

heater structuré shall be capable of supporting ladders, stairs and platforms in locations V
here specified by the purchaser for future use.

oof design shall allow for runoff of rainwater. This can be accomplished by arrangeme
mbers’and drain openings, by sloping the roof or with a secondary roof for weather protect
are provided for weather protection, eaves and gables shall prevent the entry of windblown

uring
ularly
load,

jn metal temperature of structures and appurtenances shall be the calculated metal temperature

or all

aken

t the

bt be

brced
B mm

Vhere

nt of
on. If
Fain.

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 sections removed.

12.2.10 The casing shall be reinforced at the burner mounting to maintain the burner alignment during
operation. Gaskets shall be provided at each bolted burner mounting flange connection to the heater.
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12.3 Header boxes, doors and ports

12.3.

1 Header boxes

12.3.1.1 Each 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 in) minimum steel plate reinforced against

warp

12.3.
in co

12.3.
crosg

12.3.

12.3.
provi

12.3.
provi

Nng. Header boxes shall be remaovable.

N1.4 If specified by the purchaser, to minimize flue gas bypassing, horizontal partitions. shal
hvection-section header boxes at a spacing no greater than 1,5 m (5 ft).

1.5 Gaskets shall be used in all header-box joints to achieve airtightness. Where t¢g
overs protrude through the header box, the opening around the coil shall be'sealed to minim

P Doors and ports

P.1 Two access doors having a minimum clear opening of 680 mm x 600 mm (24 in x 2
ed for each radiant chamber of a box or cabin heater.

P.2 One access door having a minimum clear opening of 450 mm x 450 mm (18 in x 1
Hed in the floor for vertical cylindrical heaters. A bolted’and gasketed access door shall alsg

in any air plenum below the floor accessway. Where*space is not available, access via a b
acceptable.
12.3.2.3 One access door having a minimum clear opening of 600 mm x 600 mm (24 i

600 1
conv

12.3.

shall

12.3.

for p

12.3.
provi

12.3.
supp

12.3.

hm (24 in) in diameter, shall be provided in the stack or breeching for access to the
bction sections.

P.4 One tube-removal door having a minimum clear opening of 450 mm x 600 mm (
be provided in the arch of eaghiradiant chamber of vertical tube heaters.

P.5 Observation doors-and ports shall be provided for viewing all radiant tubes and all 4
foper operation and forlight-off.

P.6 Access<{doors having a minimum clear opening of 600 mm x 600 mm (24 in x 24
Hed to ducts, plenums and at all duct connections to APHs and control dampers.

R.7 Observation doors and ports shall be provided for viewing radiant tube guides,
brts, and tubes in the lowest row of the convection section.

be provided

rminals and
ize leakage.

4 in) shall be

B in) shall be
be provided
urner port is

N X 24 in), or
damper and

18 in x 24 in)

urner flames

in) shall be

radiant tube

gors weighing

greater than 50 kg (110 Ib) reqwre I|ft|ng Iugs Handles should not be used on doors exceedlng 50 kg (110 Ib)

in weight. Observation ports may be integrated with access doors. Refractory around access doors should be
designed and installed to prevent hot flue gas or radiation from causing damage to the door and mounting
frame. Floor access doors should have a mechanical support device installed to assist during opening.

12.4 Ladders, platforms and stairways

12.4.

a)

b)

1 Platforms shall be provided as follows:
at burner and burner controls that are not accessible from grade;

at both ends of the convection section for maintenance purposes;
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d)

e)
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at damper and sootblower locations for maintenance and operation purposes;

at all observation ports and firebox access doors not accessible from grade;

maintenance purposes;

f)

at all areas necessary to meet the requirements of 15.5.

at auxiliary equipment, such as steam drums, fans, drivers and APHs as required for operating and

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 ar

12.4.3 Platf
a) operatin
b) mainten
c) walkway

12.4.4 Plafform decking shall have a minimum thickness of 6 mm (1/4 in) checkered plate or 25 mm x

(1inx3/16 i
checkered pl

12.4.5 Dual

less than 6 m (20 ft).

12.4.6 Anin
(15 ft) for sta

12.4.7 Ladg
gate shall bg
off; step-thro

12.4.8 Stair
a maximum
ratio.

12.4.9 Headroom over platforms, walkways and stairways shall be a minimum of 2,1 m (7 ft).
12.4.10 Handlrails 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 handling. W

interference

n (40 £ £\ 1
C O 1l \IU IGGI.) Ul ICOoOo.
brms shall have a minimum clear width as follows:

h platforms: 900 mm (3 ft);

bnce platforms: 900 mm (3 ft);

s: 750 mm (2,5 ft).

) open grating, as specified by the purchaser. Stair treads“shall be open grating w
pte nosing.

access shall be provided to each operating platform, except if the individual platform len
termediate landing shall be provided if the vertical rise exceeds 9 m (30 ft) for ladders and
rways.

ers shall be caged from a point 2,3 m\(Z,5 ft) above grade or any platform. A self-closing {
provided for all ladders serving platferms and landings. Ladders shall be arranged for side

Ligh ladders shall not be used unless!specified or agreed by the purchaser.

5 shall have a minimum widthrof 750 mm (2,5 ft), a minimum tread width of 240 mm (9,5 in
fiser of 200 mm (8 in). The slope of the stairway shall not exceed a 9 (vertical) to 12 (horiz

bXists femovable sections shall be provided.

b mm
ith a

gth is

1.5m

afety
step-

, and
bntal)

here

12.5 Mater

12.5.1

als

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 |

SO 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 10025-2:2004, Annex A (grades Fe360, Fe430, Fe510),

ASTM (A 36,

38

A 242, A 572), or their equivalent.
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12.5.4 If metal temperatures exceed 425 °C (800 °F), stainless or alloy steels shall be used.

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 12.

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, ASTM A 325, ASTM 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 12 — Minimum yield strength, 7\, and modulus of elasticity, £, for structural steel

EN 10025-2, EN 10025-2, EN 10025-2, ASTM A 36 ASTM A 242 ASTM A 572
Annex A: Fe 360 | Annex A: Fe 430 | Annex A: Fe 510 grade 50

T F, E F, E F, E F, E F, iz a, E

°C MN/m2 | GN/m2 | MN/m? | GN/m? | MN/m? | GN/m? [ MN/m2? | GN/m2 | MN/m?2 GN/m?2 MN/m2 | GN/m?
(°F)| |(psi x 10%)|(psi x 108)|(psi x 10%)((psi x 10°)[(psi x 10%)|(psi x 10%)|(psi x 103)[(psi x 108)\(psi x 103)(psi x 10°) [(psi % 10%)|(psi x 10°

20 235 210 275 210 355 210 248 200 290 192 344 207
7o)l | 341 | 305 | @99 | @05 | 61,5 | (305 | 360 | @0%[N@21) | @78 | 630 | 30,0
200 207 202 242 202 312 202 200 193 261 186 296 200
@90] | (30,00 | (290.3) | 351) | 293) | 453) | (20.3) | 29,00 4°280) | 37,9 | @70 | 429 | (29,0
250 196 198 229 198 295 198 192 189 254 182 283 196
@80l | 284) | 287) | 332 | @87) | 428) | 287) | 278) | (27.4) | (36.8) | 264) | 411 | (284
300 183 192 214 192 276 192 183 185 246 177 211 191
70l | (26,5) | (27.8) | 31,00 | @7.8) | 40,0) | 278) | 265 | @68 | 357 | ©@57) | 394) | 7.7
350 169 185 197 185 255 185 175 180 238 171 264 186
©60] | (245) | (26,8) | (286) | 26:8) | 37,01 (26,8) | 25.4) | @61) | 345 | 48 | 383 | 7,0
425 161 173 178 173 230 173 161 176 229 161 248 173
©0] | 23.4) | 251) | 258 | @51 334) | @51) | @34) | 255 | 332 | @34) | (380 | (51

13 $tacks, ducts andbreeching

13.1| General

13.1.1 Clause 13applies to the structural design of ducts, breeching and self-supporting vertical steel stacks
of cirgular or epnical section.

13.1. The design of stacks, ducts and breechings shall be in accordance with the applicable [provisions of
the dodes and standards specified by the purchaser and, as a minimum requirement. shalllcomply with
Clause 13.

13.2 Design considerations
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.
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13.2.5 Stacks, ducts and breeching mounted on concrete shall be designed to prevent concrete
temperatures in excess of 150 °C (300 °F).

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
13.2.8 Linin

a) fire prote

surface from the weather.
gs can be required in steel stacks for one or more of the following purposes:

ction;

b) to protec
C) corrosior

d) to mainta

t structural steel from gases of excessively high temperature;
protection;

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

e) to reduce potential for aerodynamic instability.

13.2.9 The
but consider
attack.

13.2.10 Cas

13.2.11 All
gas leakage.

13.2.12 Bre
0,8 m (2,5 ft
convection-s

13.2.13 Sta
shipment, er

suitability of specialist linings other than refractory should be discussed with the manufac
btion should be given to their strength, flexibility, thermal propertiesand resistance to che
table linings shall be secured to stacks, ducts and breeching by suitable anchorage (see 11.
bpenings and connections on the stack, duct or breeching shall be sealed to prevent air o
bching shall have a minimum clear distance beyond the last (present or future) convection r
for access and flue gas distribution. At leastone take-off shall be provided every 12 m (40

bction tube length.

tks, ducts and breeching shall be~designed for all applicable load conditions expected d

operation. These load conditions shall inelude, but not be limited to, dead load, wind load, earthquake

live load and

13.2.14 The
be the desig
Wind and ea

13.2.15 The
The minimur
stacks.

thermal load.

combination of loads that could occur simultaneously to create the maximum load condition
h load, but in no case’ shall individual loads create stresses that exceed those allowed by
thquake loads shall not be considered as acting simultaneously.

minimum thieckness of the stack shell plate shall be 6 mm (1/4 in), including corrosion allow,
n corrosion)allowance shall be 1,6 mm (1/16 in) for lined stacks and 3,2 mm (1/8 in) for uf

13.2.16 The

urers
mical

B.7).

r flue

bw of
ft) of

uring

ection and operation. Snow and-ice shall be considered, particularly when the furnace is ot in

load,

shall
13.4.

Ance.
lined

minimum number of anchor bolts for any stack shall be eight.

13.2.17 Lifting lugs on stacks, if required, shall be designed for the lifting load as the stack is raised from a

horizontal to

a vertical position.

13.2.18 Design metal temperature of stacks, ducts and breeching shall be the calculated metal temperature
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) with zero wind velocity.

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 1/360th of the span. Deflection of other ducts
and breeching shall be limited to 1/240th of the span.

40
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13.3 Design methods

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

13.4 Static design

13.4

.1 All stacks shall be designed as cantilever beam columns.

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

134

transl|tions, shall be designed so that the combined membrane and bending stresses in_the's

stiffening rings do not exceed 90 % of the minimum yield strength of the respective rmateria
tempgrature.
13.4.4 Openings cut into the stack shall be limited in size to a clear width no greater than two

stac diameter. For two openings opposite each other, each chord shall -not* exceed the

Ope

13.4

13.4.

13.4

moments.

13.4

shell$ if the ratio R/t < 160, where R is the radius.and ¢ is the corroded thickness of the shell.

13.4.
a) ring spacing limits: 1 < HJ/D < 3
b) ring section modulus required”Z =2 H,M/(0,6 Fyr)

wherg

.B Discontinuities in the stack shell plate, such as conical-to-cylindrical junctions and

rnings shall be reinforced to fully restore the required structural capacity of the uncut section.

b Changes in cylindrical stack diameters shall be made with‘cones having an apex angle of

.F Ring stiffeners provided to carry wind pressure should be designed for the circumfere
.B Circumferential bending moments due to wind pressure may be neglected in unstiffen

D Stiffening rings are required if ¢ < (5M/9Fys)0r5 and shall be provided as follows:

M is the maximum circumferential moment per unit length of shell, expressed in newto
metre (inch-pounds per inch);

¥ isSthe minimum vyield strength of shell material at design temperature, expressed in
square millimetre (pounds per square inch);

non-circular
tack shell or
Is at design

Lthirds of the
stack radius.

.p Apertures in the stack shell plates, other than flue inlets, shall have the corners radiused to a
minimum of 10 times the plate thickness.

60° or less.

ntial bending

bd cylindrical

N metres per

newtons per

~

Is the corroded shell thickness, expressed in millimetres (inches);

H s the ring spacing, expressed in millimetres (inches);

D is the shell diameter, expressed in millimetres (inches);

VA is the section modulus of the ring, expressed in cubic millimetres (cubic inches);

F, is the minimum yield strength of the ring stiffener at the shell design temperature, expressed in

yr
newtons per square millimetre (pounds per square inch).

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), d, from the vertical of the steel shell at any level above
the base of the erected stack shall be determined from Equation (3) in metres or Equation (4) in (feet):

PP — 3)
1000+4/1+50/h

or

h
100014164/ 4

where

h is the stack height, expressed in metres (feet).

13.5 Wind{induced vibration design

13.5.1 A dypamic analysis shall be made to determine the stack's response to wind-and earthquake act|on. If
no specific requirements are given by the purchaser, the methods given in Annex H.should be adopted for the
dynamics dug to wind.

13.5.2 If the critical wind speed for the first mode of vibration of the stack is 1,25 times higher thap the
maximum (hpurly mean) design wind speed (evaluated at the top of the stack), dynamic loads resulting| from
cross-wind rg¢sponse need not be included in the design load.

13.5.3 If anplysis indicates that excessive vibrations due to cross-winds are possible, one of the follpwing
methods to reduce vortex-induced amplitudes shall be used.

a) Increas¢ mass and structural damping characteristics<(e.g. use of refractory lining).

b) Use a nass damper (e.g. tuned pendulum damyper).

c) Use aefodynamic devices (e.g. helical ‘or’ vertical strakes as described in 13.5.4 and 13.5.5| or
stagger¢d vertical plates as describedin 13.5.6), the choice of which shall be specified or agreed| by
the purdhaser. Annex H gives recommendations regarding the application of spoilers or strakes.

d) Modify gtack length and/or diapaeter until acceptable vibration characteristics are achieved.

the stack. Adjacent levels of strakes shall be staggered 30° from each other.

13.5.7 If a stack is positioned within close proximity of other tall structures, consideration should be given to
the possibility of buffeting effects.

13.5.8 If 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 15d,,,,,.

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.

141

Table
the fq

14.1.4 In addition to 14.1.3, the following shall apply.

a) The number and size of burners shall ensure that the visible flame length is a maximum of
e radiant section height. For floor-fired heaters the CO content at the bridge wall shall be 3
0 ml/m3 (40 ppm, by volume) for gas-fired heaters,:6r-80 ml/m3 (80 ppm, by volume) for oil-
t maximum design firing conditions.

b) For horizontal opposed firing, the minimum wvisible clearance between directly opposed firi

ghall be 1,2 m (4 ft).

14.1.6 For burners outside the range given'in Tables 13 and 14, verifiable data shall be obtaine

design is finalized. For high heat releases, see 14.1.8 for burners and 14.1.10 for pilots.

14.1.p For other types of burnérs*(e.g. fan-shaped flame or radiant-wall flame), vendor or ot

data ghall be obtained.

14.1.F All burners shallbé)sized for a maximum heat release at the design excess air based on

a) five or fewer burhers: 120 % of normal heat release at design conditions;

b) six or sevén burners: 115 % of normal heat release at design conditions;

c) dightormore burners: 110 % of normal heat release at design conditions.

gainst flame
but the entire
combustion
the radiant section of the heater.
P Burners shall be designed in accordance with all local and national statutes-and regulations.
B For burner clearances, the data given in Table 13 shall be used forynatural-draught byrners and in

14 for forced-draught burners. The tables are based on low NO, burniefswhich are design
rmation of NO, below levels generated during normal combustion in:conventional burners.

ed to reduce

two-thirds of
maximum of
fired heaters,

ng flame tips

d before any

her verifiable

he following:

14.1.8 For liquid-fuel-fired heaters with a maximum heat release greater than 4,4 MW (15 x 106 Btu/h), a
minimum of three burners shall be used. Alternatively, if specified or agreed by the purchaser, a single burner
with auxiliary guns may be used to permit gun maintenance without shutting down or upsetting the process.

141

.9 Gas pilots shall be provided for each burner, unless otherwise specified.
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Table 13 — Minimum clearance guidelines for natural-draught operation

Minimum clearance
A B C D
Maximum heat Vertical to Horizontal from Horizontal from |Between opposing
Burner release per centreline roof | burner centreline | burner centreline burners
type burner@ tubes or refractory to wall tubes to unshielded (horizontal firing)
(vertical firing centreline refractory
only)
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) 11,2 (36,7)
Oil-firing 25 (8,5) 8,3 (27,4) 1,2 (3,9) 0,96 (3,1) 13,3 (48,6)
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 (58,8)
4,0 (13,6) 12,4 (40,7) 1,6 (5,2) 1,35 (4,4) 18,0 (59,0)
0,5 (1,71) 2,6 (8,5) 0,6 (1,9) 0,44 (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-firing
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 (31,8) 1,5 (4,9) 1,35 (4,4) 12,6 (41,5)
4,5 (15,36) 10,7 (35)) 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 horizonta| 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 combinatfon liquid-and-gas burqers, the clearances shall be based on liquid-fuel firing, except if liquid fuel is usg¢d for
start-up only.
For conventipnal gas burnérs; the longitudinal clearance may be decreased. This shall be achieved by multiglying
dimensions in column A./byafactor of 0,77 and column D by a factor of 0,67.
For intermedipte firing-rates, the required clearances may be achieved by linear interpolation.
The clearancks~in“column A and column D should be |ncreased by 20 % for low NO burners with NO Ievels helow
70 mg/m3 (34

firebox temperature of 870 °C (1 600 °F).

NOTE Fuel-gas composition can affect the flame length.

a

Lower heating value (LHV).
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b)

.10 If a continueus pilot is provided, it shall meet the following requirements.
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Table 14 — Minimum clearance guidelines for forced-draught operations

. . | Horizontal distance to centreline of wall
Btl;/r:r Maximum heat release per burner tubes from burner centreline
MW (Btu/h x 10°) m (ft)
2,00 (6,820) 0,932 (3,058)
3,00 (10,240) 1,182 (3,878)
4,00 (13,650) 1,359 (4,458)
L 5,00 (17,060) 1,520 (4,987)
UI-TIrmg
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)
2,00 (6,820) 0,932 (3,058)
3,00 (10,240) 1,182 (3,878)
4,00 (13,650) 1,359 (4,458)
Gas-firing 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 (34,1209 1,923 (6,309)
12,00 (401950) 2,035 (6,677)
For horizontal firing, the distance between the) burner centreline and the roof tube centreline or reffactory
shall be 50 % greater than the distances-shown in the column above.
For combination liquid-and-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.
a8  Lower heating valte/(LHV).

[he pilof'shall have a nominal heat release of 22 kW (75 000 Btu/h). The minimum heat relegse shall be
bpproved by the purchaser if it is for a high capacity burner whose heat release |is 4,4 MW
15106 Btu/h) or greater.

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.

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 flow rates and for all
operating conditions.

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 flow rate during cold-burner light-off.

The pilot shall be capable of relighting an individual main burner over the full range of fuels. The
combustion air flow rate might need to be reduced for satisfactory reignition, particularly for
forced-draught and low-NO,, burners.
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14.1.11 Burner tile installations shall be designed to be supported and 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 used for construction of a burner shall be chosen for strength, as well as temperature-
and corrosion-resistance, for the anticipated service conditions. Burner components shall be designed in
accordance with the minimum requirements shown in Table 15.

14.1.14 Therburrer—shaltbmeaintain-flame-stability-when-operatingat-33-%of the-maximumheatreleasg with
air controls set for maximum heat release.

14.1.15 The burner shall use no less than 90 % of the maximum available draught loss at, the- maxJmum
specified hegt release.

14.1.16 The burner fuel valve and air registers shall be operable from grade or platforms:="A means shpll be
provided to view the burner and pilot flame during light-off and operating adjustment.

14.1.17 If a|natural-draught burner is to be used in forced-draught service, theipurchaser shall specify the
required heater capacity during natural-draught operation, if required.

14.1.18 Oil purners should be designed to operate at a normal kinematic viscosity of 15 mm2/s (15 cBt) to
20 mm?2/s (20 cSt). The maximum shall not exceed 40 mm2/s (40 cSt).

14.1.19 Atomnizing steam shall be supplied dry at the burner or with’slight superheat.

14.1.20 If vqlatile fuels, such as naphtha or gasoline, are barned, a safety interlock shall be provided on|each
burner. The jinterlock design shall (in sequence) shut offithe fuel, purge the oil gun and shut off the purge
medium befdre the gun can be removed.

14.1.21 Oil guns shall be removable while the heater is in operation.

14.1.22 The purchaser shall specify whether ‘gas guns, diffusers or the complete burner assembly shall be
removable.
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Component

Operation

Material

Fuel-gas manifold and piping

Normal

Cast iron or carbon steel

> 100 mg/kg H,S and
> 150 °C (300 °F) fuel

AISI 316L stainless steel

Fuel-gas riser pipe

Normal

Carbon steel

> 370 °C (700 °F) combustion air

AISI 304 stainless steel

> 100 ml/m3 (ppm, v) HyS

Fuel gas
(bufner and pilot)

and either
> 150 °C (300 °F) fuel or
> 205 °C (400 °F) combustion air

AISI 316L stainless steel

Fuel-gas tip

Normal

Castlifon or AlS|
stainless|steel

300 series

> 100 mg/kg H,S and either

> 150 °C (300 °F) fuel or > 205.°C
(400 °F) combustion air

AISI 310 stainless steel

Premix venturi Normal Cast iron or cqrbon steel
Qil-gun receiver and body Normal Ductile ron
. . Normal AlSI 416 stainless steel
Oil-gun tip - -
Erasive oils T-1 or M-2 tpol steel
Brass or AISI B0O series
Fudl oil - Normal tainless steel
Atomizer stainless|stee

>3% (mass fraction) sulfur

AISI 303 stainless steel

Atomizer body only

Erosive fuel oils 2

Nitride-hardehed alloy

Other

Normal

Carbon gteel

Burner housing

Exterior casing

Normal

Carbon gteel

Preheated combustion air

Insulated carpon steel

Flame stahilizer or cone

Insulation and
noise reduction linings

Normal

AISI 300 series sfainless steel

<370 °C (700 °F) combustion air

Mineral wool P

> 370 °C (700 °F) combustion air

Mineral wool cgvered with
erosion protection liner P

Other interior metal parts

Normal

Carbon gteel

> 370 °C (700 °F) combustion air

ASTM A 242 gr AlSI 304
stainless|steel

Burneritile
o Ot

Normal

>40 % alumin:f refractory

High intensity combustor

I
> 85 % alumina castable
refractory/firebrick

Oil-firing tile

<50 mg/kg (V + Na)

> 60 % alumina refractory

> 50 mg/kg (V + Na)

> 90 % alumina refractory

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

properties.

a

b

Erosive fuel oils are those which contain 3 % or more (by mass) of sulfur, catalyst fines or other particulates.

Castables shall be used for oil firing where surfaces can be soaked with fuel oil.
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14.2 Sootblowers

14.2.1 Sootblowers shall be automatic, sequential and/or fully retractable, as specified by the purchaser.
Sootblowers normally use steam, but other types are available (e.g. air and acoustic devices) and these may
be used if specified by the purchaser.

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 a check valve to stop flue gas
entering. The minimum distance at any position between the lance outside diameter and the bare-tube outside
diameter shattbe225mm (9 ill).

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

14.2.5 Erosjon protection shall be provided for convection-section walls located (within the soot-blowing
zones, using|castable refractory with a minimum density of 2 000 kg/m3 (125 Ib/ft3).

14.2.6 Retractable sootblower entrance ports (through the refractory wall)hall be provided with stainless-
steel sleeved.

14.3 Fans and drivers

Fans and driyers for use with fired heaters shall be designed and.built in accordance with the requirements of
Annex E.

14.4 Dampers and damper controls for stacks and ducts

14.4.1 Buttgrfly dampers shall be limited to stacks.and ducts having a maximum internal cross-sectional area
of 1,2 m2 (13 ft2).

14.4.2 Loure dampers shall have a/mmimum of one blade for every 1,2 m2 (13 ft2) of internal dross-
sectional arda in the stack or duct. The blades shall have approximately equal surface areas. Blades|shall
have opposed movement unless they, are located at the fan suction, in which case there will be parallel clpsing
movement opposite to the fan rotation.

14.4.3 Dampper shafts and.bolting shall be of the same materials as the blade.

14.4.4 Dampper bearings and control mechanisms shall be external. Bearings shall be self-aligning, ofl non-
lubricated graphite and mounted in the bearing manufacturer's standard housing.

14.4.5 Controhdampers shall be designed to move to the position specified by the purchaser in the event of
failure of eitherthedampercontrotsigmator themotive force:

14.4.6 Dampers shall be equipped with a visual indicator of external blade position on the damper shaft and
on any remote control mechanism.

14.4.7 Dampers shall be furnished with a position control mechanism that is operable from grade and is
capable of holding the damper blade in any position from fully open to fully closed. The damper controller shall
provide positive action to translate the damper blade into either an open or a 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) in
diameter, made of austenitic stainless-steel wire rope with galvanized hardware, such as thimbles,
turnbuckles and clamps.
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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).

14.4.10 Stack service temperature shall be defined as maximum predicted stack flue gas temperature plus
140 €256°F)-

14.4.11 Stack and flue gas duct dampers shall have blades of minimum thickness 6 mm (0,25 in).

15 Instrument and auxiliary connections

15.1| Flue gas and air

Flue gas and combustion air temperature

A One connection shall be provided in the flue gas exit{of each radiant section for ea¢h 9 m (30 ft)
iant box length or diameter. At least two connections shall:be provided.

2 One connection shall be provided in the convéction section, preceding the first progess or utility
coil, if multi-radiant-section heaters or multiple heatersi\have their flue gas combined to a commgn convection
sectipn, for each 9 m (30 ft) of convection tube length.

15.1.11.3 One connection shall be provided(in the convection section immediately after each process or
utility| coil for each 9 m (30 ft) of convection tbe length. A minimum of two connections shall be grovided after
the Igst convection coil.

15.1.01.4 Connections shall be previded in each stack and each take-off to a stack.

15.1./1.5 Connections shall(beprovided in the inlet and outlet air and flue gas ductwork of an gir heater and
final combustion air to the burners.

15.1./1.6 The connéetions 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
open|ng shall bedined with austenitic stainless-steel pipe (schedule 80). A hex-head forged-steel screwed plug
shall pe furniskied with each coupling. Flanged connections may also be used.

15.1.2 Flue gas and combustion air pressure

15.1.2.1 Two connections shall be provided in each radiant section located 300 mm to 600 mm (1 ft to 2 ft)
above the top of the floor refractory.

15.1.2.2 For heaters with horizontal firing, one connection shall be provided at the highest burner centre-
line on each burner wall.

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

15.1.24 A connection shall be provided in the convection-section outlet immediately after the final process
or utility coil.

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

any 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 (Y2 NPS) shall be provided at a suitable location downstream of

The connections furnished shall be DN 40 (172 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 furnigheg-with-each-couplting:

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

15.1.3.4 he connections shall be DN 100 (4 NPS) schedule 80 pipe-with a class PN 20 (ASME clasq 150)
raised-face flange. The pipe shall be welded to the outside casing plate and project 200 mm (8 in) to thg face
of the flangg. The heater vendor shall furnish for each connection a class PN 20 (ASME class 150)|blind
flange with gppropriate gaskets for the temperature and corrgsive conditions of the flue gas. The pipe|shall
extend 38 m (1,5 in) into the heater from the hot-face of therefractory lining.

15.1.3.5 Additional connections to meet applicable governmental or local environmental requirements shpll be
specified by the purchaser.

15.2 Process fluid temperature

15.2.1 The heater vendor shall provide fluid thermowell connections in the convection-to-radiant crossqvers,
if specified by the purchaser.

15.2.2 If pfocess-outlet thermowell connections are specified by the purchaser and individual outlets are
provided by [the heater vendeor; the thermowell connections shall be furnished as part of the outlet piping
system. If an[outlet manifald-is furnished, the specified thermowell connections shall be provided by the Heater
vendor.

15.2.3 Process=fluid thermowell connections shall be DN 40 (1 1/2 NPS) raised-face flanges with a fating
adequate for{the fluid-design pressure and temperature. The material shall be the same as the tube or p|pe to
which it is copnected.

15.3 Auxiliary connections

15.3.1 Purge-steam connections

15.3.1.1

15.3.1.2

Purge connections may also be used as snuffing-steam connections.

A minimum of two purge connections shall be provided of minimum size DN 20 (3/4 NPS) and

minimum rating 20 MPa (3 000 Ib) for each firebox. The connections shall be DN 40 (1 1/2 NPS) or DN 50
(2 NPS), 20 MPa (3 000 Ib) screwed forged-steel pipe couplings, welded to the outside casing plate. Flanged
connections may also be used. The openings through the refractory shall be lined with a schedule 80
austenitic stainless-steel pipe.
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15.3.1.3 Purge connections shall allow for a flow rate providing a minimum of three firebox volume
changes within 15 min.

15.31.4 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 common
burner plenum chamber.

15.3.1.5 For forced-draught systems, the forced-draught fan can be used to purge the firebox in lieu of
purge steam.

15.3.¢ Vent and drain connections

15.3.2.1 Manifold or piping vents and drains shall be a welded coupling of minimum size DN 25 (1 NPS),
40 MPa (6 000 Ib), of the same metallurgy as the manifold or piping. Flanged connections may al$o be used.

15.3.R.2 If water washing of either radiant or convection tubes is specified by:-the purchasegr, provisions
shall [be made for draining water to the outside of the heater using at least one' DN 100 (4 NP§) connection
with a cap.

15.3.2.3 For header boxes containing flanged or plug fittings, a screwed forged-steel drain copnection with
hex glug shall be provided, of minimum properties DN 20 (34 NPS), 2@.MPa (3 000 Ib).

15.4| Tube-skin thermocouples

15.4.1 The quantity and location of tube-skin thermocaouple connections shall be specified by the purchaser.
Lead| wire, insulators and protective sheaths shall, be designed to accommodate all anticipated tube
movgment.

15.4.2 Protective sheaths shall be made gas-tight and constructed of type 310 stainless steel ¢r other alloy
suitable for the operating conditions. Such sheaths shall be attached to the heater tubes by weglded clips or
bandk. All thermocouple assemblies shall" terminate on the exterior shell of the fired hé¢ater with a
thermocouple head.

15.5| Access to connections
15.5.1 All instrument and sampling connections shall be accessible from grade, platforms or laddlers.
15.5.2 Thermocouple-connections considered as accessible from a platform or grade shall be no more than

2 m (6,5 ft) above the floor of the platform or the grade. Flue gas sampling connections shall be po more than
1,2 m (4 ft) above.the floor of the platform or the grade.

15.5.3 Cannections considered as accessible from permanent vertical ladders shall be no more than 0,8 m
(2,5 T) frenY the centrelines of such ladders and at least 0,9 m (3 ft) below the top rung of such ladders.

16 Shop fabrication and field erection

16.1 General

16.1.1 The heater, all auxiliary equipment, ladders, stairs and platforms shall be shop assembled to the
maximum extent possible consistent with the available shipping, receiving and handling facilities specified by
the purchaser. Individual sections shall be properly braced and supported to prevent damage during shipment.
All blocking and bracing used for shipping purposes shall be clearly identified for field removal. Coil-flange
faces and other machined faces shall be coated with an easily removable rust preventive. Openings in
pressure parts shall be covered to prevent entrance of foreign materials.
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16.1.2 The vendor shall state the type of protection provided for refractory and insulation to avoid damage
from handling or weather during shipment, storage and erection.

16.1.3 All surfaces to be welded shall be free from scale, oil, grease, dirt and other harmful agents. Welding
operations shall be protected from wind, rain and other weather conditions that can 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 GenJraI requirements

a) Welderq for structural-steel fabrication shall be qualified in accordance with the structural design cod

®

b) Seam wlelds between plates shall be continuous, full-penetration welds.
c) Horizonial exterior welds between plates and structural members shall have accontinuous fillet weld on
the top pide and 50 mm (2 in) long fillet welds on 225 mm (9 in) centres on. theé bottom side. Diagpnal
and vertical exterior welds shall have continuous fillet welds on both sides.

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

e) Weldind filler materials shall be in accordance with the structuraldesign code and shall have a chenyical
composition matching that of the base materials being joined.

f) Impact fest 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
tempergtures below — 18 °C (0 °F).

g) Circularland slotted bolt holes in columns and baseplates shall be drilled or punched. Baseplates ghall
be shoptwelded.

h) The minimum thickness of gusset plates'shall be 6 mm (1/4 in).

i)  Shop cqnnections shall be bolted-or welded. Field joints between casing plates and stack intermediate
joints s:l\‘all be welded unlegs™full structural-strength flanged connections are supplied. All other field
joints slall be bolted. Where field bolting is impractical, erection clips or other suitable positioning
devices|shall be furnishéd for field-welded connections.

i) The minimum size-of bolts shall be 16 mm (5/8 in) in diameter, except where the flange width proh|bits
use of spch sizebelts. In no case shall bolts be less than 12 mm (1/2 in) in diameter.

k) Drain holes in structural members shall be a minimum of 12 mm (1/2 in) in diameter. Checkered glate
flooring lshal-be—furnished-with-one i-diameterdrain-holeforevery4-4-m S effloor
plate area.

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

m) Attachment of refractory anchors or tiebacks to the heater casing shall be by manual or stud-gun
welding. If manual welding is employed, welds shall be “all around”.

n) 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 mass to allow for impact.
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0) All structural steel and sub-assemblies shall be clearly marked with letters or numbers at least 50 mm
(2 in) high for field identification. All loose items such as rods, turnbuckles, clevises, bolts, nuts and
washers shall be shipped in bags, kegs or crates. Bags, kegs or crates shall be tagged with the size,
diameter and length of contents so that tags for each item are individually identifiable. Tags used for
marking shall be metal and markings shall be applied by stamping.

p) The erection drawings and a bolt list shall be furnished prior to the shipping of heater steel. Erection
marks and size and length of field welds shown on erection drawings shall be in lettering at least 3 mm
(1/8 in) high. The bolt list shall specify the number, diameter, length and material for each connection. A
bill of material shall also be furnished showing the mass of sections over 1 820 kg (4 000 Ib).

ierof the heater

A rminimio B 0/ ol ey o
q) finimam-5-Y%-surplas-Aurmbe

shall be furnished.

16.2.2 Heater stacks

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

16.2.2.2 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).

16.2.2.3 The difference between minimum and maximum diamjeters at any cross-section algng the stack
length shall not exceed 2 % of the nominal diameter for that section.

16.2.2.4 Plate misalignment at any stack joint shall not exeeed 3 mm (1/8 in) or 25 % of the pominal plate
thickmess, whichever is less.

16.2.2.5 Vertical-joint peaking shall not exceed a’depth of 5 mm (3/16 in) when measured frdgm a 600 mm
(24 in) circumferential template centred on the joint:

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

16.3| Coil fabrication

16.3.1l1a Unless otherwise specified by the purchaser, the following welding processes are permitted, provided
satisffactory evidence is submitted that the procedure is qualified in accordance with the pressure design code:

2

shielded metal are with covered electrodes;
b) g@as tungsten-arc, manual and automatic;

c) gas welding process for DN 50 (2 NPS) and smaller for carbon steel material;

d) dgassmetal-arc welding in the spray transfer range;

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

16.3.2 Permanently 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 purge.

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
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referenced codes. In addition, the cover pass shall be free of course ripples, irregular surfaces, non-uniform
head patterns, and high crowns and 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 shall apply to the internal surface as well as the external surface.

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

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

16.4 Painting and galvanizing

16.4.1 Heater steel shall be prepared in accordance with either 1ISO 8501-1 grade Sa 21/2 ¢r, SSPC BP 6,
and primed with one coat of inorganic zinc primer to a minimum dry film thickness (DFT) ofy%5m (0,043 in).
Surfaces shall be painted in conditions in accordance with manufacturer's recommendations on tempeiature
and relative humidity.

16.4.2 Unin
Surface pre
recommends

imer.
irer's

sulated flue gas ducts and stacks and air ducting shall be primed with-an inorganic zinc p
paration and dry film thickness shall be in accordance with™ the paint manufact
tion.

16.4.3 If s
ladders and
ISO 1461, d
ASTM A 385
ISO 10684 o

pecified by the purchaser, platforms, handrails and toeboards, gratings, stairways, faste
pttendant light structural supports shall be hot-dipped galvanized. Galvanizing shall comply
r the applicable sections of ASTM A 123, ASTMA'143, ASTM A 153, ASTM A 384

or equivalent. Bolts joining galvanized sections “shall be galvanized in accordance
F ASTM A 153, or zinc-coated in accordance with, ASTM B 633 or equivalent.

ners,
with
and
with

16.4.4 Inter
including sur]

hal coatings shall be applied in accordance* with the manufacturers' recommended prac
face preparation and ambient conditions.

tices,

16.5 Refractories and insulation

16.5.1 Matgrials shall be stored in originalicontainers, if possible, and shall be protected from moistur¢ and

from atmosy
recommende

16.5.2 Perion
scale or othé

16.5.3 Watgr used to-install refractories shall be of potable quality and the temperature shall be bet

7 °C (45 °F)

16.5.4 Allm

heric and foreign contaminants. They shall be kept completely dry and at manufact
d storage temperature until' used. Bricks shall be free of cracks, chips, spalling or other defe

to installation of pefractory, all steel surfaces shall be cleaned to remove dirt, grease, paint,
r foreign materials:
and 32_°C\(90 °F) unless the refractory manufacturer specifies otherwise.

aterial shall be prepared and installed in accordance with the manufacturer's recommendatic

Lirer's

Cts.

oose

ween

ns.

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 surface 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.
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16.5.8 The following shall apply to castables.

a) The surfaces to which castable is applied shall be kept above 7 °C (45 °F) and below 38 °C (100 °F)
during installation and curing.

b) For pneumatic 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 be cut back immediately to the casing surface. This cut shall be full depth at a 90° angle to the
casing surface.

c) Rebound materials shall not be re-used in applying linings.

d)

e) Hach layer of the castable shall be properly air-cured after installation. To reduce ‘the ftendency for
draulic-setting castables to develop alkaline hydrolysis, an application of an impervious organic coating
all be applied to the hot-face layer immediately after placement and the same coatihg shall|be reapplied
ortly after the 24-h cure. The use of forced drying by air movement or low temperature|to remove a
rcentage of the mechanical water prior to the application of the impervious_eoating can fyrther reduce

the possibility of development of alkaline hydrolysis. Alkaline hydrolysis is a naturally occurring
henomenon, such that the use of either or both of the above procedures might not entirely prevent the
formation thereof. In instances where alkaline hydrolysis has occurréd, the loss in refractory thickness is
ually less than 10 mm (0,375 inch). When this occurs, the loose ‘material shall be brushgd off and an
pervious organic coating applied.

f) hop-installed castables shall not be handled or tested for 72 h after installation.

16.6| Preparation for shipment

16.6. See also 16.1.1.

16.6.2 See 16.1.2. The following shall also apply.

a) Hor shop-lined castable refractory sections, to minimize the tendency for alkali hydrolysis fo occur, the
ctions shall be prepared for shipment in such a way as to allow good air circulation duripg the entire
ipping and storage periods. The use of shrink wrap (airtight packaging) coverings shall be gvoided.

b) Hor shop-lined fibre refractory_sections, shrink wrapping of lined sections is required.

c) The vendor shall identify on the drawings the maximum number of shop-lined sections|that can be
acked and the orientation of sections for shipping and storage purposes.

16.6.p See 16.2.1p)-

16.6.4 All openings shall be suitably protected to prevent damage and the possible entry of wafer and other

foreign material.

16.6.p “All flange gasket surfaces shall be coated with an easily removable rust preventive

and shall be

protected by suitably attached durable covers such as wood, plastic or gasketed steel.

16.6.6 All threaded connections shall be protected by metal plugs or caps of compatible material

16.6.7 Connections that are bevelled for welding shall be suitably covered to protect the bevel from damage.

16.6.8 All exposed ferrous surfaces not otherwise coated shall be given one coat of manufacturer's standard

shop primer. Any additional painting requirements shall be specified by the purchaser.

16.6.9 The item number, shipping mass and purchaser's order number shall be painted on the heater and

loose components.
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16.6.10 All boxes, crates or packages shall be identified with the purchaser's order number and the equipment
item number.

16.6.11 The words “DO NOT WELD” shall be stencilled (in at least two places 180° apart) on equipment that
has been post-weld heat-treated.

16.6.12 All liquids used for cleaning or testing shall be drained from units before shipment.

16.6.13 Tubes shall be free of foreign material prior to shipment.

16.6.14 The vendor shaII adwse the purchaser |f any preces are temporarlly flxed for shlpplng purposes

Transit and gre gembly
drawings to gnsure removal before comm|SS|on|ng of the heater

16.6.15 The extent of skidding, boxing, crating or coating for export shipment shall be specified by the
purchaser.

16.6.16 Anyjlong-term storage requirements shall be specified by the purchaser.

16.7 Field erection

16.7.1 It shall be the responsibility of the erector to ensure that the heater_is’erected in accordance with the
specification$ and drawings furnished by the vendor and in accordanceswith the applicable clauses df this
International|Standard.

16.7.2 Cast
from the stee

16.7.3 Care
refractory sh
drainage, prq

bble-lined panels shall be handled to avoid excessive cracking or separation of the refra

all be prevented. Protection shall include “cover to avoid rain impingement and shall
per fit and tightening of doors and header.boxes.

ctory

shall be taken to avoid refractory damage due to weather. Standing water or saturation ¢f the

allow

16.7.4 Sectlons where refractory edges are exposed shall be protected against cracking of edgeg and
corners. Extgrnal blows to the steel casing shall"be avoided.

16.7.5 Field joints between panels shall be sealed in accordance with the heater vendor's requirements.
16.7.6 Construction joints resulting from panel or modular construction shall have continuous refractory fover
to the full thigkness of the adjacentrefractory.

17 Inspedtion, examination and testing

17.1 General

17.1.1 The purchaser, his designated Tepresentative, or both, Teserve the right to nspect, after prior notice,

all heater components and their assembled units at any time during the material procurement, fabrication and
shop assembly to ensure materials and workmanship are in accordance with applicable standards,
specifications, codes and drawings.

17.1.2 The vendor shall examine all individual heater components and their shop-assembled units to ensure
that materials and workmanship are in accordance with applicable standards, specifications, codes and
drawings.

17.1.3 If specified by the purchaser, pre-inspection meetings between the purchaser and the fabricator shall
be held before the start of fabrication.
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Weld examination

17.2.1 Radiographic, ultrasonic, visual, magnetic-particle or liquid-penetrant examination of welds in coils

shall

be in accordance with the pressure design code.

17.2.2 The extent of examination of welds in coils, including return bends, fittings, manifolds and crossover
piping, shall be as follows.

a)

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

following weld-surface preparation in accordance with the pressure design code. If the required
examination identifies a defect, further examination shall be performed.

A

1
¢

17.2.
requi

17.2.4 Proposed welding procedures, procedure qualification records and welding-consumable 5

for al
by th

17.2.

includle certified material mill test reports, AWS or other classification and manufacturer of elec
rial, welding specifications' and procedures, positive materials identification documentation of alloy

mate
mate
purch
at lez

17.3

materials) or magnetic-particle examination shall be performed (for ferritic materials).

Il welds in Cr-Mo steels and austenitic stainless steels shall be 100 % radiographed.

0 % of all carbon-steel welds by each welder shall be 100 % radiographed. If the required

For the purposes of this provision, ASME B 31.3 is equivalent to ISO 15649.
cceptance criteria of welds shall be in accordance with the pressure design code.

Il longitudinal seam welds on manifolds shall be 100 % radiographed.in addition, these W
xamined by the liquid-penetrant method (for austenitic materials)cor the magnetic-particle
rritic materials).

cases where weld or material configuration makes radiographic examination difficult t
possible to perform, such as nozzle (fillet) welds,, ultrasonic examination may be s
ltrasonic examination is impractical, liquid-penetrant, examination shall be performed (i

B Post-weld heat treatment shall be performed in accordance with the pressure desig
[ed radiographic examination shall be performed after completion of heat treatment.

pressure-retaining welds shall be in‘accordance with the pressure design code and shall
b fabricator for review, comment of_approval by the purchaser.

5 Welder qualifications andw-applicable manufacturer's report forms shall be maintaine

rials, and non-destructive examination procedures and results. Unless otherwise spec

st five years after the record is generated for the project.

Castings eéxamination

17.3.
by th/F manufacturer. The purchaser shall specify if positive materials identification shall be perfor

Material conformance shall be verified by a review of the chemical and physical test resd

entifies a defect, progressive examination shall be performed in accordance with ISO'15649.

examination

elds shall be
method (for

interpret or
Lbstituted. If
or austenitic

h code. Any

pecifications
be submitted

1. Examples
frode or filler

ified by the

aser, records of examination procedures and examination-personnel qualifications shall bg retained for

Its submitted
med to verify

lia
COUIllo.

these+

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

a)

b)

c)

© 1SO 2012 - All rights reserved

Tube supports shall be visually examined in accordance with MSS SP 55 and dimensionally checked.
Tube supports shall be adequately cleaned to facilitate examination of all surfaces.

Intersections of all reinforcing ribs with the main member shall be either 100 % liquid-penetrant
examined (if austenitic) or 100 % magnetic-particle examined (if ferritic). The examination procedures
and acceptance criteria shall be in accordance with the pressure design code.

Radiographic examination of critical sections shall be performed if specified by the purchaser, and the
procedure and acceptance criteria shall be in accordance with the pressure design code.
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17.3.3 Cast radiant tube supports, hangers and guides shall be visually examined for surface imperfections
using MSS SP 55 as a reference for categories and degrees of severity. Defects shall be marked either for
removal or repair, or to warrant complete replacement of the casting. Dimensions shall be verified with checks
based on the sampling plan agreed by the purchaser.

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

a) All cast return bends and pressure fittings shall be visually examined for imperfections in accordance
with MSS SP 55, and measured to confirm dimensions in accordance with reference drawings and the
sampling plan agreed by the purchaser. Examination shall confirm proper and complete identification as
specified in the purchase order.

b) All surfaces shall be suitably prepared for liquid-penetrant examination (for austenitic materials]) or
magnetic-particle examination (for ferritic materials); evaluation shall be in accordance with the, agreed
acceptance levels as specified in MSS SP 93 and MSS SP 53, respectively.

c) Cast refurn 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 las-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.
— Imperfegtions not meeting the acceptance criteria shall be removed and their removal verified by ljquid-
penetrant examination. If the cavity formed by removing anmperfection reduces the thickness to tbelow

that required for the design, the cavity shall be repaired by,welding.

— All repaifs shall be verified by liquid-penetrant examination, with the procedure and acceptance critdria in
accordapce with the pressure design code.

— Major repairs shall be verified by radiographyiin’ accordance with the pressure design code. A repair| shall
be considered maijor if the depth of the cavity before repair exceeds 20 % of the section thickness orlif the
length of the cavity exceeds 250 mm (10.in).

— Weld repairs shall be made using welding procedures and welders qualified in accordance with the
pressurg design code.

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

17.4 Examjnation of ‘other components

17.4.1 Exarmination:of heater steelwork shall be in accordance with the structural design code.

17.4.2 Refractory linin hall xamined throughout for thickn variation rin lication and for
cracks after curing. Thickness tolerance is limited to a range of -6 mm (1/4in) to +13 mm (1/2 in). Cracks
which are 3 mm (1/8 in) or greater in width and penetrate more than 50 % of the castable thickness shall be
repaired. Repairs shall be made by chipping out the unsound refractory to the backup layer interface or casing
and exposing a minimum of three tieback anchors, or to the sound metal, making a joint between sound
refractory that has a minimum slope of 25 mm (1in) to the base metal (dove-tail construction) and then
gunning, casting or hand-packing the area to be repaired.

17.4.3 Finned extended surface shall be examined to ensure fins are perpendicular to the tube within 15°.
The maximum discontinuity of the weld shall be 65 mm (2,5 in) in 2,5 m (100 in) of weld. The attachment weld
shall provide a cross-sectional area of not less than 90 % of the cross-sectional area of the root of the fin. The
cross-sectional area is the product of the fin width and the peripheral length.

17.4.4 Fins and studs shall be examined to verify conformity with specified dimensions.
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17.4.5 For rolled-joint fittings, the fitting tube-hole inner diameter, the tube outer diameter and the tube inner
diameter (before and after rolling) shall be measured and recorded in accordance with the fitting location
drawing. These measurements shall be supplied to the purchaser.

17.4.6 Fabricated supports include both plate-fabricated and multicast techniques. Fabricated convection-

tube intermediate supports shall have support lug welds radiographed. Warping of the completed support shall
be within the limits permitted by the structural design code.

17.5 Testing

17.5.1_Pressure testing

17.5.1.1 All assembled pressure parts shall be hydrostatically tested to a minimum presqure equal to
1,5 times the coil design pressure, multiplied by the ratio of the allowable stress at 38)°€ (100 °F) to the
allowpble stress at the design tube metal temperature. The following test requirements_atso apply

a) Tlhe maximum test pressure shall be limited to the extent that the weakgst component [shall not be
sfressed beyond 90 % of the material's yield strength at ambient temperature.

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

17.5.1.2 If hydrostatic testing or pneumatic pressure-testing of pressure parts is not considefed practical,
by agreement between the purchaser and the vendor, 100 % radiography shall be performed on pll welds and
pneumatic leak-testing shall be performed using air or a non-texic, non-flammable gas. The pneumatic leak
test gressure shall be 430 kPa (60 psi) gauge or 15 % of theéqmaximum allowable design pressufe, whichever
is legs. The pneumatic test pressure shall be maintained for a length of time sufficient to exam|ne for leaks,
but i no case for less than 15 min. A bubble surfactant shall be applied to weld seams to aid visual leak
detegtion.

17.5.1.3 Water used for hydrostatic testing shall be potable. For austenitic materials, the chlpride content
of the test water shall not exceed 50 mg/kg (50"ppm, by mass).

17.5.1.4 Unless the test fluid is the“process fluid, the test fluid shall be removed from all heater
components upon completion of hydrostatic testing. Heating shall not be used to evaporat¢ water from
austgnitic stainless-steel tubes.

17.5.2 Refractory testing

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

a) for archiyareas: 600 mm (24 in) centres;

b) for-sidewall-and-floor-areas- o900 mm (36-in) centres
H—-Sa8WaH—aRa+HOOFafeas: S-S 0-HH)-GeRHes-

17.5.3 Studded tube testing

Each length of a studded tube assembly shall be randomly examined and inspected by hammer testing to
verify the adequacy of the stud-to-tube weld.

17.5.4 Positive materials identification
17.5.4.1 Positive materials identification (PMI) is the process of verifying that the chemical composition of

a metallic alloy is within the specified limits. It is normally performed on components after they have been
installed (or at a stage after which it is no longer possible to mix up the materials).
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17.5.4.2 PMI programme methods, degree of examination, PMI testing instruments, and tester
qualifications shall be agreed upon between the purchaser and the vendor prior to manufacturing. PMI shall
not be required for burner components, unless specified by the purchaser.

17.5.4.3 Unless superseded by the purchaser's requirements, 10 % of all alloy components shall be PMI-
tested. If random testing is carried out, PMI shall be made on components from different heater numbers. The
purchaser may alternatively choose to specify that a PMI test be made on each component.

17.5.4.4 Tabulation of tested items shall be included within all final data books, keyed to weld maps on as-
built drawings and mill certification document stampings. Tested items shall be immediately marked.
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a) fired-heater data sheets: 12 sheets (6 in Sl units, 6 in USC units);

b) burner data sheets: 6 sheets (3 in Sl units, 3 in USC units);

c) 4qir-preheater data sheets: 4 sheets (2 in Sl units, 2 in USC units);

d) fan data sheets: 4 sheets (2 in Sl units, 2 in USC units);

e) spotblower data sheets: 2 sheets (1 in Sl units, 1 in USC units).

See Clause 5 for instructions on using the equipment data sheets. Noté_that the purchaser shodild complete,
as a fninimum, those 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 heaterpseetion
8 *servide
9 heat apsorption, MW
10 *fluid
11 *flow rpte, kg/s
12 | *flow rhte, m*h
13 *presspre drop, allowable (clean/fouled), kPa
14 pressyre drop, calculated (clean/fouled), kPa
15 | *avg. rpd. sect. flux density, allow., W/m?
16 | avg. rgd. sect. flux density, calc., W/m?
17 | max. rhd. sect. flux density, W/m?
18 conv. $ect. flux density (bare tube), W/m?
19 *velocity limitation, m/s
20 | proceqs fluid mass velocity, kg/s-m?
21 *maxium allow./calc. inside film temperature, °C
22 | *fouling factor, m?-K/W
23 *coking allowance, mm
24 | Inletconditions:
25 *tempgrature, °C
26 *presspre, kPa (ga)
27 *liquid|flow rate, kg/s
28 *vapodr flow rate, kg/s
29 *liquid|relative density (at 15 °C)
30 *vapoldr relative molecular mass 1)
31 | *vapolr density, kg/m3
32 *viscosity (liquid/vapour), mPa-s
33 *specific heat (liquid/vapour), kJ/kg-K
34 *thermial conductivity (liquid/vapour)yW/m-K
35 | Outlet conditions:
36 *tempgrature, °C
37 *presspre, kPa (ga)
38 *liquid|flow rate, kgfs
39 *vapoyr flow rate,Kd/s
40 *liquid|relative density (at 15 °C)
41 *vapoyr relative molecular mass 1)
42 | *vapourdensitykgtm
43 | *viscosity (liquid/vapour), mPa-s
44 | *specific heat (liquid/vapour), kJ/kg-K
45 *thermal conductivity (liquid/vapour), W/m-K
46 | Remarks and special requirements:
47 *distillation data or feed composition:
48 short-term operating conditions:
49
50 Notes:
51 |1) Relative molecular mass is the Sl term used for the more familiar “molecular weight”.
52
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ISO 13705:2012(E)

Fired-heater data sheet Sl units
rev.: [date: [sheet 2 of 6
Combustion design conditions
1 | operating case rev.
2 [ *type of fuel
3 | *excess air,%
4 | calculated heat release (A ), MW
5 |fuel efficiency calculated, % (A)
6 |fuel efficiency guaranteed, % ()
7 |radiation loss, % of heat release (4 )
8 [flue gas temperature leaving: radiant section, °C
9 convection section, °C
10 APH, °C
11 | flue gas quantity, kg/s
12 |flue gas mass flow rate through convection section, kg/s-m?
13 | fgraught at arch, Pa
14 at burners, Pa
15 | fambient air temperature, efficiency calculation, °C
16 | fambient air temperature, stack design, °C
17 | [altitude above sea level, m
18 | yolumetric heat release (7, ), W/m3
19 | femission limits (dry): mg/m® (corrected to 3 % O,) NQO,: CO: SO
20 kJ/kg (h) (hy) UHC: particulates:
21 | Fuel characteristics:
22 |[gas type *liquid type *other type
23 hy kdim® | * i kd/kg | * by kJ/kg
kJ/m3
24 hy kJim® [ * hy kJ/kg | *hy kJ/kg
kd/m3
o5 |[Press. available @ kPa (ga) | *press. available @. kPa (ga) | *press. available @ kPa (ga)
burner burner burner
26 | ftemp. @ burner °C [ *temp. @ burner °C [ *temp. @ burner °C
27 | frelative molecular mass *viscosity @ °C mPa-s
28 *atomizing'steam temp. °C
29 *pressure kPa (ga)
30 | pomponent mole fraction % | component mass fraction | component mass ffaction
31
32
33
34 *vanadium (mg/kg)
35 *sodium (mg/kg)
36 *sulfur
37 *ash
38 [ Burner data:
39 | manufacturer: size/model No.: number:
40 |[fype: location: orientation:
41 [ peat release per burner, MW design: normal: minimum:
42 | pressuretdrop across burner @ design heat release, Pa:
43 | flistance’burner centreline to tube centreline, horizontal, mm: vertical, mm:
44 | gistance burner centreline to unshielded refractory, horizontal, mm: vertical, mm:
45 | pilot/type: 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: [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, °C: *relative humidity, %
6 [ heater section:
7 |service:
8 | Coil design:

9 | *design bRSIST tube wall Thickness (code or Spec.)

10 | rupture stfength (minimum or average)

11 | *stress-tojrupture basis, h

12 | *design p[essure, elastic/rupture, kPa

13 | *design flpid temperature, °C

14 | *temperafure allowance, °C

15 | corrosionjallowance, tubes/fittings, mm

16 | hydrostatic test pressure, kPa

17 | *post-weldl heat treatment (yes or no)

18 | * % of wel|ds fully radiographed

19 [ maximum| (clean) tube metal temperature, °C

20 |[design tulbe metal temperature, °C

21 |inside filn] coefficient, W/m2.K

22 | Coil armangement:
23 | tube orierjtation: vertical or horizontal

24 | *tube matgrial (specification and grade)

25 |[tube outside diameter, mm

26 |[tube wall fhickness, (minimum) (average), mm

27 | number of flow passes

28 | number of tubes

29 | number of tubes per row (convection section)

30 |overall tulpe length, m

31 | effective tube length, m

32 | bare tubep: number

33 | total exposed surface, m?
34 | extended[surface tubes: number
35 total exposed surface, m?

36 | tube layolt (in line or staggered)

37 |tube spading, cent. to cent.: horiz. X diag.(orvert.)

38 | spacing tilibe cent. to furnace wall (min.), mm

39 | corbels (yes or no)

40 | corbel width, mm
41 | Descrigtion of extended surface:
42 |[type: (stu@ls) (serrated fins){solid fins)

43 | material

44 | dimensions (height x{diameter/thickness), mm

45 | spacing (fins/m) (studs/plane)

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

47 | extension|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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ISO 13705:2012(E)

Fired-heater data sheet Sl 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. = firebox, h. b. = header box)
8 |Terminals and/or manifolds:
9 | 1type (bev. = bevelled, manif. = manifold, flg. = flanged)
10 [iplet: material (specification and grade)
11 size/schedule or thickness
12 number of terminals
13 flange material (ASTM specification and grade)
14 flange size and rating
15 | putlet: material (specification and grade)
16 size/schedule or thickness
17 number of terminals
18 flange material (specification and grade)
19 flange size and rating
20 | 1manifold to tube connection (welded, extruded, etc.)
21 [1nanifold location (inside or outside header box)
22 [Crossovers:
23 | lwelded or flanged
24 | Ipipe material (specification and grade)
25 | pipe size/schedule or thickness
26 | lflange material
27 [flange size/rating
28 | location (internal/external)
29 | {luid temperature, °C
30 | Yube supports:
31 |lpcation (ends, top, bottom)
32 |naterial (specification and grade)
33 | glesign metal temperature, °C
34 | thickness, mm
35 |{ype and thickness of insulation, mm
36 | §nchor (material and type)
37 |Intermediate tube supports:
38 | aterial (specification and-grade)
39 | glesign metal temperature, <C
40 | fhickness, mm
41 | $pacing, m
42 | Tube guides:
43 |lpcation:
44 | aterial:
45 | fype/spacing:
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)

Refractory design basis: rev.
ambient temperature, °C: wind velocity, m/s casing temperature, °C:

Exposed vertical walls:
lining thickness, mm: hot-face temperature, design/calculated, °C:

wall construction:

anchor (material & type):

N[O W N[ =

casing material: thickness, mm: temperature, °C:

Shieldef vertical walls:
lining thickness, mm: hot-face temperature, design/calculated, °C:

©

=
o

N
=N

wall constfuction:

-
N

N
w

anchor (mpterial & type):

N
D

casing material: thickness, mm: temperature, °C:

Arch:

lining thickness, mm: hot-face temperature, design/calculated, °C:

N
[6)]

=
o

-
~

wall constfuction:

-
(o]

-
©

anchor (mpterial & type):

N
o

casing maferial: thickness, mm: temperature, °C:

Floor:
lining thickness, mm: hot-face temperature, design/calculated, °C:

N
-

N
N

N
w

floor consfruction:

N
N

N
]

casing material: thickness, mm: temperature, °C:

N
[e)]

minimum floor elevation, m: free space below plenum, m:
Convection section:
lining thickness, mm: hot-face temperature, design/calculated, °C:

N
~

N
[e3]

N
©

wall constfuction:

w
o

w
e

anchor (mpterial & type):
casing maferial: thickness, mm: temperature, °C:
Internal{wall:

type: material:

dimension], height/width:

Ducts: Flue gas Combustion air
location: breeching

w
N

w
w

w
B

w
)]

w
(o]

w
~

w
[ee]

size, m, of net free area, m?:

w
©

casing maferial:
casing thigkness, mm:

IS
o

N
=

lining: ipternal/external
thickness, mm

IS
N

N
w

material

N
N

anchor (mpterial & type)
casing tenpperature, °C.

Plenum|chamber (air):
casing materiar. thickKness, mm: Slze, mm:

IS
()]

I
[e)]

N
hy

I
oo

lining material: thickness, mm:
anchor (material & type):
Notes:

IS
(o]

)]
o

(¢}
ey

[$)]
N
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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: rev.
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 |Dampers:
10 [Jocation
11 |kype (control, tight shut-off, etc.)
12 |material: blade
13 [material: shaft
14 [multiple/single leaf
15 |jprovision for operation (man. or auto.)
16 |fype of operator (cable or pneumatic)
17 |Miscellaneous:
18 [platforms: location number width length/arc stairs/ladder accesp from
19
20
21
22
23
24 |type of flooring:
25 |Hdoors: number location size boltedjhinged
26 |jpccess
27
28 [pbservation
29
30 [fube removal
31
32 [jnstrument connections: number size type

33 [[flue gas/combustion air temperature

34 |flue gas/combustion air pressure
35 [flue gas sample

36 |pnuffing steam/purge
37 |0, analyser

38 |[CO or NO, analyser

39 [jvents/drains

40 |process fluid temperaturé
41 |fube skin thermocoupl€és

44 |painting requirements:
45 |}nternal coating:

46 [palvanizing requirements:
47 |fre painter's trolley and rail included?

48 |kp€cial equipment: sootblowers:
49 APH:

50 fan(s):
51 other:
52 [ Notes:
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ISO 13705:2012(E)

Burner data sheet

Sl units

rev..

[ date: [sheet 1 of 3

Purchaser/owner:

Item No.:

Service:

Location:

General data:

rev.

type of heater

altitude above sea level, m

air supply:

— ambient/preheated air/gas turbine exhaust

— temperature, °C (min./max./design)

— relative humidity, %

— draught type: forced/natural/induced

draught gvailable, Pa: across burner

draught gvailable, Pa: across plenum

required jurndown

burner-wgll lining thickness, mm

heater-cgsing thickness, mm

firebox height, m

tube-circle diameter, m

Burner data:

manufacfurer

type of byirner

model/sie

direction pf firing

location (foof/floor/sidewall)

number required

minimum| distance burner centreline, mm

— to tubg centreline (horizontal/vertical)

— to adjgcent burner centreline (horizontal/vertical)

— to unshielded refractory (horizontal/vertical)

burner-cifcle diameter, m

wlw|wlw|w|n|nnln ool 2]= 2 2222 =2
KOS5 S| o|k|N|o|a| R[N S|o|w|~| o |a|n|e|d[=]|o|@|®| N[ o Hw ] =

pilots:
— numbgr required
— type
— ignitiop method
— fuel
— fuel pressure, kPa
— capaclty, MW
35 |Operatjng data:
36 |fuel
37 |heat releise per burner, MW (/)
38 | — desigr]
39 [— normgl
40 | — minimpm
41 | excess alr @ design heat rel€ase;, %

42 | air tempdrature, °C

43 |draught lpss, Pa

44 | — desigr]

45 | — normd

46 | — minimpm

47 |fuel pressure required, kPa

N
(o]

flame length-@ design heat release, m

N
©

flame shape (round, flat, etc.)

(o))
o

atomizing medium/oil ratio, kg/kg

Notes:

[6)]
=

[$)]
N

[6)]
w

a
x

[¢)]
()]
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ISO 13705:2012(E)

Burner data sheet Sl units
rev.: [ date: [ sheet 2 of 3
Gas fuel characteristics
1 |fuel type rev.
2 | massic heat value (i), kJ/m3
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 (4 ), kd/kg

24 |felative density (at 15 °C)

25 |h/c ratio (by mass)

26 ||viscosity, @ °C, mPa's

27 |piscosity, @ °C, mPa-s

28 |janadium, mg/kg

29 |potassium, mg/kg

30 |podium, mg/kg

31 [jickel, mg/kg

32 |fixed nitrogen, mg/kg

33 [pulfur, mass fraction (%)

34 |ppsh, mass fraction (%)

35 [jwater, mass fraction (%)

36 |(distillation: ASTM initial boiling'point, °C
37 ASTM mid;zpoint, °C
38 ASTM end-point, °C

39 |fuel temperature @ burner, 2C

40 |fuel pressure available @-burper, kPa

41 |jptomizing medium: air/steam/mechanical

42 temperature, °C

43 pressure, kPa

44 ||Notes:
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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 temperature, °C
10 [ noise spegcification
11 [ attenuatipn method
12 | painting fequirements
13 | ignition pprt: size/No.
14 | sight port: size/No.
15 | flame defection: type
16 number
17 | scanner ¢gonnection: size/No.
18 | safety interlock system for atomizing medium and oil
19 [ performahce test required (yes or no)
20 |Emissippn limits:
21 |firebox biidgewall temperature, °C.
22 [NO, * ml/m3 (d) or g/GJ () (hy)
23 [CO *ml/m?3 (d) or g/GJ (k) (hyy)
24 [UHC * ml/m3 (d) or g/GJ () (hy)
25 | particulates 9/GJ () (hy)
26 [SO, *ml/m3 (d) or g/GJ () (hy)
27
28 | *corrected to 3 % O, (dry basis @ design heat release)
29
NOTE 1 At design conditions, a minimum of 90 % of the @vailable draught with air register fully open shall be utilized
30 |across the burner. In addition, a minimum of 75 % of the air-side pressure drop with air registers fully open shall be utilized
across bdirner throat.
31
32
33 |NOTE 2 Vendor to guarantee burner flameength.
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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ISO 13705:2012(E)

Air-preheater data sheet Sl units
rev.: [date: [sheet 1 of 2
Purchaser/owner: Item No.:
Service: Location:
manufacturer: rev.

model:

number required:

heating surface, m?

approximate dimensions: (A X w x /), m

Performance data

1
2
3
4
5 [mass, kg
6
7
8
9

eperating-ease
10 |jair side: flow rate entering, kg/s
11 inlet temperature, °C
12 outlet temperature, °C
13 pressure drop: allowable, Pa
14 pressure drop: calculated, Pa
15 heat absorbed, MW
16 |fflue gas side: flow rate, kg/s
17 inlet temperature, °C
18 outlet temperature, °C
19 pressure drop: allowable, Pa
20 pressure drop: calculated, Pa
21 heat exchanged, MW

22 |fair bypass rate, kg/s

23 |Jtotal air flow rate to burners, kg/s

24 |Imixed air temperature, °C

25 [[flue gas composition, mole fraction, % (O,/N,/H,0/CO,/SO,)

26 |[flue gas specific heat, kJ/kg-K

27 |[flue gas acid dew-point temperature, °C

28 |Jminimum metal temperature: allowable, °C

29 |minimum metal temperature: calculated, °C
30 |[Miscellaneous:
31 |jminimum ambient air temperature, °C

32 |[site elevation above sea level, m

33 |Jrelative humidity, %

34 |lexternal cold-air bypass (yes/no)

35 |fcold-end thermocouples (yes/no): number required

36 [faccess doors: number/size/location

37 |[Jinsulation (internal/external):

38 |[cleaning medium: steam or water
39 pressure, kPa
40 temperature, °C
41

42 [[Mechanical design:
43 ||design flue gasitemperature, °C.

44 ||design pressure differential, kPa

45 |lseismic-factor

46 ||painting requirements

47 ||eaktest

48 | 'structural wind load, kg/m-

49 [air leakage (guaranteed maximum), %

52 | Notes: (all data on per unit basis)
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Air-preheater data sheet Sl units
rev.: [ date: [sheet 2 of 2
Construction data
1 |l 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 thickness, mm
8 glass block (yes/no)
9 number of glass tubes
10 air crogsoverduct: et
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 nymber of passes
19 ndmber of plates per block
20 ndmber of blocks
21 plhte thickness, mm
22 width of air channel, mm
23 width of flue gas channel, mm
24 aif-side rib pitch, mm
25 flde gas-side rib pitch, mm
26 materig: plate
27 rib
28 frame
29 air crogsover duct: number
30 bolted/welded
31 supplied with clips
32 water wash: yes/no
33 type (off-line or on-line)
34 location
35
36 |1l heat dipe:
37 ndymber of tubes
38 tupes OD/wall thickness, mm
39 tupe material
40 tupes per row
41 nymber of rows
42 tupe pitch (square/triangular)ymm
43 air side gas side
44 | fins: typp
45 hdight x thickness,x\No./m
46 mkterial
47 effective length; m
48 hdating sutface, m?
49 mpximum 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: [ Jew | Jcew
4 | gas handled: relative molecular mass:
5 |site elevation, m: fan location:
6 Operating conditions
7 | operating condition/case: normal rated other conditions
8 mass-flow-rate r'nlr_mr\ify, l(gl:
9 olume flow-rate capacity, m®/s
10| hir density, kg/m®
11| temperature, °C
12| felative humidity, %
13| §ptatic pressure @ inlet, Pa
14| static pressure @ outlet, Pa
15 | pgrformance:
16| kW @ temperature (all losses included)
17| fan speed, r/min
18| static pressure rise across fan, Pa
19| |nlet damper/vane position
20| glischarge damper position
21| fan static efficiency, %
22| $team rate, kg/kW-h (turbine only)
23 | fgn control: drive:
24| air supply make type
25| fan control, furnished by rated KW 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 | hpusing: bearings:
31| aterial thickness, mm | ]hydrodynamic | [anti-friction
32| pplit for wheel removal yes  no type
33| grains, number/size lubrication
34| pccess doors, number/size mass flow rate coolant required m°/s water @ °C
35 | blades: thermostatically cont. heaters yes no
36| jype temperature detectors yes no
37| pumber thickness, mm vibration detectors yes no
38| material
39 | hub: speed detectors:
40 | | shrinkAit | [keyed non-contact probe
41 material speed switch
42 | shaft: other
43| aterial couplings:
44 | giameter @\brgs., mm type
45 [ shaft sleeves: make model
46| aterial service factor
47 | shaft seals: mount coupling halves
48| type: fan
49 driver
50 | centrifugal force wr?, 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: [sheet 2 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 [maximum allowable sound-pressure level dB(A)@ m fan driver base
10 | predicted goumnd-pressure tevet OB(A @ —m SOUNTdtromnK
11 [ attenuatiop method evase
12 | furnished by total shipping mass
13 | painting: connections:
14 manyfacturer's standard size rating ofientation
15 inlet
16 | shipment: outlet
17] | [domdstic | Texport | Texport boxing required drains
18
19 | erection:
20 assembled tests:
21 partlyl assembled mechanical run-in(no load)
22 outddor storage over 6 months witnessed performance
23 | applicable|specifications: rotor balance
24 shop.inspection
25 assembly and fit-up check
26
27
28 [ Notes:
29| | [itemd 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 location

flue gas temperature @ blower, maximum °C

flle gas pressure @ blower, maximum °C

blowing medium

Utility data:

sleam kPa @

°C

kg/s per blowe

alr kPa

m%s (N) per blower

JEN N [N N N N BN P I R R I NI

BEEEENEE

| 17 | ppwer volts

phase

Hz

19 [ Ljayout data:

20 | tdbe outside diameter, mm

21 | tdbe length, m

22 | tybe spacing (stag./in line), mm

23 | bank width, m

24 [ nimber of intermediate tube sheets

25 | Igne dimension (minimum clearance), mm

26 | maximum cleaning radius, m

27 | ektended-surface type

28 | number of extended-surface rows

29 | liping thickness, mm

30 | Blower data:

31 | mjanufacturer

32| type

33 | model

Iimber required

imber of lanes (rows)

Umber per lane

rangement

beration

bntrol required

bntrol panel location (localor remote)

iver type (man., pneumatic or electrical motor)

ectrical-area claSsification

otor-starters_classification

I
o
3|3]olalolololo]s]|s|s

otor: KW

45 enclosure

46 r/min

47 |lgnce-travel speed

48 | hbad———material-8&+ating

49 | wall box isolation

52 | Notes:
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ISO 13705:2012(E)

Fired-heater data sheet USC units
rev.: [date: [ sheet 1 of 6
Purchaser/owner: Item No.:

Service: Location:
unit: * number required: rev.

manufacturer: reference:

type of heater:

*total heater absorbed duty, Btu/h:

*operating case

heater section

*service

1
2
3
4
5 Process design conditions
6
7
8
9

heat abdorption, Btu/h

10 [ *fluid

11 [ *flow ratg, Ib/h

12 [ *flow ratg, b.p.d.

13 | *pressure drop, allowable (clean/fouled), psi

14 [ pressurg drop, calculated (clean/fouled), psi

15 | *avg. rad. sect. flux density, allow., Btu/h - ft?

16 | avg. rad| sect. flux density, calc., Btu/h - ft?

17 | max. rad. sect. flux density, Btu/h - ft?

18 | conv. sekt. flux density (bare tube), Btu/h - ft2

19 [ *velocity] limitation, ft/s

20 | process ffluid mass velocity, Ib/s - ft?

21 | *maximym allow./calc. inside film temperature, °F

22 | *fouling factor, h - ft? - °F/Btu

23 | *coking gllowance, in
24 |Inlet cpnditions:
25 | *temperature, °F.

26 | *pressurg, (psia) (psig)

27 [ *liquid flpw, Ib/h

28 | *vapour flow, Ib/h

29 [*liquid gfavity, (°API) (sp. gr. @ 60 °F)

30 | *vapour felative molecular mass

31 | *vapour density, Ib/ft3

32 |[*viscosity (liquid/vapour), cP

33 [ *specifid heat (liquid/vapour), Btu/lb-°F

34 [ *thermal conductivity, (liquid/vapour), Btu/h-ft-°F
35 | Outlet|conditions:
36 | *temperature, °F.

37 | *pressurg, (psia) (psig)

38 | *liquid flpw, Ib/h

39 | *vapour flow, Ib/h

40 |*liquid glavity, (°API) (sp. gr-@.60 °F)

41 | *vapour felative molecularmass

42 | *vapour Hensity, Ib/ft3

43 | *viscosity (liquid/vapour), cP

44 | *specifid heat (liquidivapour), Btu/lb - °F

45 | *thermal conductivity (liquid/vapour), Btu/h - ft -°F
46 | Remailks and special requirements:

47 | *distillatibr-data-crfeed r\r\mpr\eiﬁr\n:

48 | short-term operating conditions:

50 |NOTES:
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ISO 13705:2012(E)

Fired-heater data sheet USC units
rev.: [ date: [sheet 2 of 6
Combustion design conditions
1 |operating case rev.
2 |[*type of fuel
3 | *excess air, %
4 | calculated heat release (4 ), Btu/h
5 | fuel efficiency calculated, % (/)
6 |fuel efficiency guaranteed, % (i)
7 | radiation loss, % of heat release (/)
8 |flue gas temperature leaving: radiant section, °F
9 convection section, °F
10 APH, °F
11 | flue gas quantity, Ib/h
12 | flue gas mass vel. through convection section, Ib/s - ft2
13 | draught at arch, in H,0
14 at burners, in HZO
15 | *ambient air temperature, efficiency calculation, °F
16 | *ambient air temperature, stack design, °F
17 | *altitude above sea level, ft
18 | volumetric heat release, (4 ), Btu/h - ft3
19 [ *emission limits: ppm, v (d) (corrected to 3 % O,) NO,: CO: SO,
20 Ib/Btu (h) (hy) UHC: particulates:
21 | Fuel characteristics:
22 | *gas type *liquid type *other type
23 | *h. Btu/(Ib) (scf) | *A Btu/lb | *h Btuf(scf) (Ib)
24 | * hy Btu/(Ib) (scf) | * hy Btu/lb | * Ay Btuf(scf) (Ib)
25 | *press. @ burner, psig | *press. @ burner, psi | *press. @ burner, psi
26 | *temp. @ burner, °F | *temp. @ burner, °F | *temp. @ burner, °F
27 | *relative molecular mass *viscosity @ °F cSt
28 *atomizing steamtemp. °F
29 *pressure, psi
30 | component mole % component mass fraction | component %
31
32
33
34 *vanadium, mg/kg
(ppm)
35 *sodium, mg/kg
(ppm)
36 *sulfur
37 *ash
38 | Burner data:
39 [ manufacturer: size/model No.: number:
40 | type: location: orientation:
41 | heat release\per burner, Btu/h design: normal: minimum:
42 | pressure drep across burner @ design heat release, in H,0:
43 | distance-burner centreline to tube centreline, horizontal, in: vertical, in:
44 | distance burner centreline to unshielded refractory, horizontal, in: vertical, in:
45 | pilot, type: capacity (Btu/h): fuel:
46 |ignition method:
47 | flame detection, type: number:
48 | Notes:
49
50
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ISO 13705:2012(E)

Fired-heater data sheet USC 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 |Coil design:

9 | *design pasis: tube-wall thickness (code or Spec.)

10 | rupture gtrength (minimum or average)

11 [ *stress-tp-rupture basis, h

12 | *design pressure, elastic/rupture, psi

13 [ *design fluid temperature, °F

14 [ *temperture allowance, °F

15 [corrosiop allowance, tubes/fittings, in

16 | hydrostgtic test pressure, psi

17 [ *post-wdld heat treatment (yes or no)

18 | * % of welds fully radiographed

19 [ maximuin (clean) tube metal temperature, °F

20 |[design tiibe metal temperature, °F

21 [inside filln coefficient, Btu/h ft2-°F

22 | Coil afrangement:
23 | tube origntation: vertical or horizontal

24 [ *tube m4terial (specification and grade)
25 | tube outpide diameter, in

26 [tube-wall thickness, (minimum) (average), in
27 | number pf flow passes

28 | number pf tubes
29 | number pf tubes per row (convection section)

30 [overall t§ibe length, ft
31 | effectiveltube length, ft

32 | bare tubps: number

33 total exposed surface, ft2
34 | extendedl surface tubes: number
35 total exposed surface, ft2

36 [tube laygut (in line or staggered)
37 |tube spdcing, cent. to cent.: horiz. x diag=(ervert.)
38 | spacing fube cent. to furnace wall (min.)xin

39 [corbels {yes or no)
40 | corbel width, in
41 |Description of extended surface:

42 | type: (stpds) (serrated fins) (solid fins)
43 | material

44 | dimensigns (height X diameter/thickness), in

45 | spacingfins/in) (studs/plane)
46 | maximuin tip temperature (calculated), °F

47 | extensiop 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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ISO 13705:2012(E)

Fired-heater data sheet USC 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 = firebox, h. b. = header box)

Terminals and/or manifolds:

LIV 4 £l £l P=AY

bay, bavallad ocoonif manifald
typetoey—oevenCaMai—mmaRtrorGg—aRGgetn

inlet: material (specification and grade)

size/schedule or thickness

number of terminals

flange material (specification and grade)

flange size and rating

outlet: material (specification and grade)

size/schedule or thickness

number of terminals

flange material (specification and grade)

flange size and rating

*manifold to tube connection (welded, extruded, etc.)

[NCY [C) PN N [N RN ) DI BN D) BN BN
N R N R R N NN E S A R S S R N

manifold location (inside or outside header box)

22 | Crossovers:
23 | *welded or flanged
24 | *pipe material (specification and grade)

N
a

pipe size/schedule or thickness

N
(]

*flange material

N
~

flange size/rating

28 | *location (internal/external)

29 | fluid temperature, °F.

30 [ Tube supports:

31 |/ location (ends, top, bottom)

32 | material (specification and grade)

33 | design metal temperature, °F

34 [ thickness, in

35 | type and thickness of insulation, in

36 | anchor (material and type)

37 [ Intermediate tube supports:

38 | material (specification and grade)

39 | design metal temperature,\°F

40 | thickness, in

41 | spacing, ft

42 | Tube guides:

43 | location:

44 | material:

45 | type/spaeing:

46 [ Header boxes:

47 | location: hinged door/bolted panel:
48 l-easirg-materiak: thieknress—in:
49 |lining material: thickness, in:
50 |anchor (material and type):

51 | Notes:

52

53

54
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ISO 13705:2012(E)

Fired-heater data sheet

USC units

rev.: | date:

| sheet 5 of 6

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 [casing material: thickness, in: temperature, °F:
9 |[Shieldedvertical walls:
10 [lining thigkness, in: hot-face temperature, design/calculated, °F.:
11 [wall congtruction:
12
13 [anchor (naterial & type):
14 | casing nmaterial: thickness, in: temperature, °F:
15 [Arch:
16 |lining thigkness, in: hot-face temperature, design/calculated, °F:
17 | wall congtruction:
18
19 |anchor (fnaterial and type):
20 [casing naterial: thickness, in: temperature, °F:
21 |Floor:
22 [lining thigkness, in: hot-face temperature, design/calculated, °F:
23 [floor conptruction:
24
25 [casing naterial: thickness, in: temperature, °F:
26 [ minimum floor elevation, ft: free space below plentm; ft:
27 |[Convegtion section:
28 |lining thigkness, in: hot-face tempefature, design/calculated, °F:
29 | wall congtruction:
30
31 [anchor (naterial and type):
32 | casing mjaterial: thickness, in: temperature, °F:
33 [Internal wall:
34 |type: material:
35 [dimensign, height/width:
36 Ducts: Flue gas Combustion air
37 [location: breeching
38 |size, ft, dr net free area, ft%:
39 [casing material:
40 | casing tHickness, in:
41 |lining: internal/external
42 thickness, in
43 material
44 | anchor (fnaterial and\type)
45 | casing tgmperature, °F
46 |Plenum chamber (air):
47 | casing mjaterial: thickness, in: size, ft:
48 |lining material: thickness, in:
49 | anchor (material & type):
50 |Notes:
51
52
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ISO 13705:2012(E)

Fired-heater data sheet USC units
rev.: [ date: [ sheet 6 of 6
Mechanical design conditions (continued)
1 | Stack or stack stub: rev.
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 |Dampers:
10 |location
11 ]type (control, tight shut-off, etc.)
12 | material: blade
13 | material: shaft
14 | multiple/single leaf
15 | provision for operation (man. or auto.)
16 |]type of operator (cable or pneumatic)
17 |Miscellaneous:
18 | platforms: location number width length/arc stairs/ladder accesp from
19
20
21
22
23
24 | type of flooring:
25 |doors: number location size boltedfhinged
26 |access
27
28 | observation
29
30 |tube removal
31
32 |instrument connections: number size type

33 |flue gas/combustion air temperature

34 |flue gas/combustion air pressure
35 |flue gas sample

36 | snuffing steam/purge
37 | O, analyser

38 [COor NO, analyser

39 |vents/drains

40 |process fluid temperature
41 [tube skin thermocouples

44 | painting requirements:
45 [linternal coating:

46 |galvanizing requirements:
47 |areqainter's trolley and rail included?

48 | special equipment: sootblowers:
49 ARH:

50 fan(s):
51 other:
52 | Notes:
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ISO 13705:2012(E)

Burner data sheet

USC units

rev..

[ date: [sheet 1 of 3

Purchaser/owner:

Item No.:

Service:

Location:

1 | General data:

rev.

type of heater

altitude above sea level, ft

air supply:

— temperature, °F (min./max./design)

— relative humidity, %

2
3
4
5 [— ambient/preheated air/gas turbine exhaust
6
7
8

— draught type: forced/natural/induced

9 |draught pvailable: across burner, in H,O

10 [draught pvailable: across plenum, in H,O

11 [required|turndown

12 [ burner-wall lining thickness, in

13 | heater-cpsing thickness, in

14 [firebox Height, ft

15 [tube-cirdle diameter, ft

16 | Burnef data:

17 [ manufadturer

18 |type of HQurner

19 | model/sigze

20 [direction of firing

21 | location [roof/floor/sidewall)

22 | number fequired

23 [ minimunp distance burner centreline, ft:

24 | — to tube centreline (horizontal/vertical)

25 [— to adjacent burner centreline (horizontal/vertical)
26 | — to unshielded refractory (horizontal/vertical)

27 | burner-grcle diameter, ft

28 | pilots:

29 | — number required

30 |—type

31 [—ignitign method

32 | —fuel

33 | — fuel pressure, psi.

34 | — capagity, Btu/h

35 | Operating data:

36 | fuel

37 | heat relgase per burner, Btu/h (h)
38 | — desigh

39 |—normal

40 | — minimum

41 | excess 3ir @ design heat rélease, %

42 | air tempkrature, °F.

43 |draught [air pressure).]oss, in HZO

44 | — desigh

45 | — normal

46 | — mininjum

47 | fuel pregstr@required, psig

48 [ flame length @ design heat release, T

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

50 [atomizing medium/oil ratio, Ib/Ib

51 | Notes:

82
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ISO 13705:2012(E)

Burner data sheet USC units
rev.: [ date: [sheet 2 of 3

Gas fuel characteristics
fuel type rev.

heating value (%), (Btu/scf) (Btu/lb)

relative molecular mass (air = 1,0)

molecular mass

fuel temperature @ burner, °F

fuel pressure: available @ burner, psi

fuel gas composition (mole %)
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Liquid fuel characteristics

N
N

fuel type

N
w

heating value (4, ), Btu/lb

N
=

specific gravity/°’API

N
a

h/c ratio (by mass)

N
(]

viscosity, @ °F, cSt

N
~

viscosity, @ °F, cSt

N
©

vanadium, mg/kg (ppm)

N
[¢e]

potassium, mg/kg (ppm)

w
o

sodium, mg/kg (ppm)

w
=

nickel, mg/kg (ppm)

w
N

fixed nitrogen, mg/kg (ppm)

w
w

sulfur, % wt

w
g

ash, % wt

w
)]

water, % wt

w
[«

distillation: ASTM initial beiling point, °F

w
~

ASTM mid-paint, °F

w
©

ASTM end-point, °F

w
©

fuel temperature @ burner, °F

N
o

fuel pressure available @ burnér, psi

N
-

atomizing medium: air/steam/mechanical

D
N

temperature, °F

N
w

pressure, psi

N
~

Notes:
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ISO 13705:2012(E)

Burner data sheet USC 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 temperature, °F
10 noise specification
11 [ attenuatfon method
12 | painting|requirements
13 |ignition port: size/number
14 | sight poft: size/number
15 [flame ddtection: type
16 number
17 | scanner|connection: size/number
18 | safety interlock system for atomizing medium & oil
19 | performdnce test required (yes or no)
20 |Emissjon limits:
21 |firebox Hridgewall temperature, °F
22 |NO, * ppm,v (d) or Ib/MM Btu () (hy)
23 (CO * ppm,v (d) or Ib/MM Btu (k) (hy)
24 (UHC * ppm,v (d) or Ib/MM Btu (k) (2y)
25 | particulgtes Ib/MM Btu (%) (hy)
26 | SO, * ppm,v (d) or Ib/MM Btu (/) (hy)
27
28 | *correctg¢d to 3 % O, (dry basis @ design heat release)
NOTE 1 At design conditions, a minimum of 90 % of the available draught with air register fully open shall be utilized
30 | across the burner. In addition, a minimum of 75 % of the air*side pressure drop with air registers fully open shall be utilized
across Hurner throat.
31
32
33 |NOTE 2 Vendor to guarantee burner flame length.
34 |NOTE 3 Vendor to guarantee excess ait,\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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ISO 13705:2012(E)

Air-preheater data sheet USC 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: (h x w x /) ft
7 Performance data
8 |operatingcase
9
10 |air side: flow rate 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 gas side: flow rate, 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 bypass rate, Ib/h
23 |total air flow rate to burners, Ib/h
24 | mixed air temperature, °F
25 |flue gas composition, mole % (O,/N,/H,0/CO,/SO )
26 |flue gas specific heat, Btu/lb - °F
27 |flue gas acid dew-point temperature, °F
28 | minimum metal temperature: allowable, °F
29 | minimum metal temperature: calculated, °F
30 |Miscellaneous:
31 | minimum ambient air temperature, °F
32 |site elevation above sea level, ft
33 |relative humidity
34 | external cold-air bypass (yes/no)
35 | cold-end thermocouples (yes/no)ynumber required
36 |access doors: number/size/location
37 |insulation (internal/external):
38 |cleaning medium: steam or water
39 pressure, psi
40 temperature, °F
41
42 |Mechanical.design:
43 |design flue gas temperature, °F
44 |design pressure differential, in H2O
45 | seistni¢ factor
46 | painting requirements
47 leak test
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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ISO 13705:2012(E)

Air-preheater data sheet USC units
rev.: [ date: [sheet 2 of 2
Construction data
1 |l 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 Jil CIUSSUVTIT duut. IIuIIIIUCI
11 bolted/welded
12 supplied with clips
13 ater wash: yes/no
14 type (off-line or on-line)
15 location
16
17 |1l late type:
18 humber of passes
19 humber of plates per block
20 humber of blocks
21 plate thickness, in
22 idth of air channel, in
23 idth of flue gas channel, in
24 pir-side rib pitch, in
25 flue gas-side rib pitch, in
26 material: plate
27 rib
28 frame
29 pir crossover duct: number
30 bolted/welded
31 supplied with clips
32 ater wash: yes/no
33 type (off-line or on-line)
34 location
35
36 |l heat pipe:
37 humber of tubes
38 ubes OD/wall thickness, in
39 ube material
40 ubes per row
41 humber of rows
42 ube pitch (square/triangular), in
43 air side gas side
44 fins: type
45 height x thickness*x No./in
46 material
47 pffectivetength, ft.
48 heating\surface, ft?
49 maximum allowable soak temperature, °F
50 sootblower: ves/no
51 type
52 location
53 | Notes:
54
55
56
57
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ISO 13705:2012(E)

Fan data sheet USC 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: relative molecular mass:
5 |site elevation, ft: fan location:
6 Operating conditions
7 | opeTating comndition/case: Tormat Tated otherconditiops
8 Capacity, Ib/h
9 Capacity, acfm
10| fensity, lb/t®
11| fir temperature, °F
12| felative humidity, %
13| ptatic pressure @ inlet, inches H,0
14| ptatic pressure @ outlet, inches H,O
15 | pgrformance:
16| BHP @ temperature (all losses included)
17| fan speed, r/min
18| ptatic pressure rise across fan, inches H,0
19| |nlet damper/vane position
20| glischarge damper position
21 an static efficiency, %
22| pteam rate, Ib/HP-h (turbine only)
23 | fgn control: drive
24| fir supply make type
25| fan control, furnished by rated HP r/min
26| method: inlet damper outlet damper electrical area classification
27 inlet guide vanes varjable.speed class group division
28| §tarting method power volts ph Hz
29 Construction features
30 | hpusing: bearings:
31| material thickness, in | | hydrodynamic | | anti-friction
32| split for wheel removal  yés./ no type
33| grains, number/size lubrication
34| pccess doors, number/size coolant required gpm water@  °F
35 | blades: thermostatically cont. heaters yes no
36| fype temperature detectors yes no
37| phumber thickness, in vibration detectors yes no
38| material
39 | hpht speed detectors:
40 I I Sk it i i keyed TTON=contact probe
41 material speed switch
42 | Notes: (all data on per unit basis)
43
44
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ISO 13705:2012(E)

Fan data sheet USC units
rev.: [ date: [sheet 2 of 2
Construction features (continued)
1 [shaft: | | other rev.
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 ariver
9 | centrifugal force wr?, Ib-ft? spacer yes | |no length, in
10 | miscellangqous:
11 common baseplate (fan driver) silencer (inlet) (outlet) inlet (screen) (filter)
12 bearihg pedestals/soleplates evase housing drain connection
13 perfofmance curves vibration isolation spark-resistant coupling guard
14 sectipnal drawing type insulation clips
15 outline drawing special coatings inspection access
16 inlet boxes control panel heat shields
17 | noise attefuation: mass, Ib
18 | maximum fallowable sound-pressure level dB(A) @ ft fan driver base
19 | predicted $ound-pressure level dB(A) @ ft sound trunk
20 | attenuatiop method evase
21 [ furnished by total shipping mass
22 [ painting: connections:
14 manyfacturer's standard size rating orientation
15 inlet
16 | shipment: outlet
17] | [domdstic | [export | [export boxing required drains
18
19 [ erection:
20 assemnbled tests:
21 partly assembled mechanical run-in (no load)
22 outddor storage over 6 months witnessed performance
23 | applicable|specifications: rotor balance
24 shop inspection
25 assembly and fit-up check
26
27
28 [ Notes:
29| | [itemd marked to be included in véndor scope of supply.
30
31
32
33
34
35
36
37
38
39
40
41
42
43
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Sootblower data sheet

USC units

rev..

[ Date:

[ sheet 1 of 1

Purchaser/owner:

Item No.:

Service:

Location:

Operating data:

rev.

fuel oil type/specific gravity or °API

sulfur, mass fraction (%)

vanadium, mg/kg (ppm) (mass)

nickel, mg/kg (ppm) (mass)

ash, mass fraction (%)

lane location

flue gas temperature @ blower, maximum °F

flle gas pressure @ blower, maximum °F

blowing medium

Utility data:

sfeam psi @

°F

Ib/h ‘per blower

EN BN BN N N N P I R R B N I

alr psi

_
O |WIN|= |O

| 17 | ppwer volts

scfm per blower

phase

Hz

19 [ Ljayout data:

20 | tdbe outside diameter, in

21 | tdbe length, ft

22 | tybe spacing (stag./in line), in

23 | bank width, ft

24 [ nimber of intermediate tube sheets

25 | Igne dimension (minimum clearance), in

26 | maximum cleaning radius, ft

27 | ektended-surface type

28 | number of extended-surface rows

29 | liping thickness, in

30 | Blower data:

31 | mjanufacturer

32| type

33 | model

Iimber required

imber of lanes (rows)

Umber per lane

rangement

beration

bntrol required

bntrol panel location (localor remote)

iver type (man., pneumatic or electrical motor)

ectrical-area claSsification

otor-starters_classification

I
o
3|3]olalolololo]s]|s|s

otor: HP

45 enclosure

46 r/min

47 |lgnce-travel speed

48 | hbad———material-8&+ating

49 | wall box isolation

52 | Notes:

© 1SO 2012 - All rights reserved
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Annex B
(informative)

Purchaser's checklist

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.

Subclauge Item Requirement
4.1 Pressure design code |
4.2 Applicable local rules and regulations |
51.4 Number of copies of referenced drawings and data required |
5.2j)) List of sub-suppliers required? Yes NO
5.3.3¢) Tube-support calculations required? Yes NO
5.3.3h) Decoking procedures required? Yes NO
52¢) Noise data sheets required? Yes NO
5.3.3k)
5.4f)

5.4 a) As-built data sheets and drawingsirequired? Yes No
6.3.2 Space required for future sootblowers, water washing, etc.? Yes NO
6.3.3 Sootblowers to be provided? Yes NO
7.21 Acceptable extended surface type:
studs Yes No
solid fins Yes No
segmented fins Yes NO
9.14 Inspection openings required? Yes NO
If yes, are terminal flanges acceptable? Yes NO
9.1.6 Low-point drains required? Yes No
High-point vents required? Yes No
10.3.2 Tube-support corrosion protection:
50Cr-50Ni material Yes No
refractory coating Yes No
11.3.7 Anchor-fixing method
11.4.1 Ceramic fibre acceptable? Yes No
11.5.6 Block insulation as backup material? Yes No
90 © ISO 2012 — Al rights reserved
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Subclause Item Requirement
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
12.3r2 Headerboxclosures:
hinged doors Yés No
bolted panels Yeés No
12.3|11.4 Horizontal partitions required in convection-section header boxes? Yés No
12.414 Platform decking requirements:
checkered plate Yeés No
open grating Yeés No
12.51 Acceptable low-temperature materials ]
13.1}2 Codes for stacks, ducts and breeching ]
or
Methods in Annex H to be used? Yes No
13.2)2 Bolting permitted for stack assempbly? Yégs No
13.53 ¢) Acceptable aerodynamic devices:
helical strakes Yeés No
vertical strakes Yés No
staggered vertical plates Yés No
14.1{8 Single burner withnmultiple guns acceptable? Yégs No
14.1}10 d) Minimum main-fuel rate during cold-burner light-off ]
141117 Required-heater capacity during forced-draught outage and continued ]
operation on natural draught ]
14.1122 On-stream removal of complete burner parts or assembily is required? Yes No
14.2|1 Acceptable sootblower type:
retractable Yes No
automatic Yés No
sequential Yes No
14.4.5 Location of control dampers
Position on failure Open Close
15.1.3.5 Additional flue gas sampling connections
156.2.1 Crossover thermowell connections required? Yes No
15.2.2 Outlet thermowell connections required? Yes No
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Subclause Item Requirement
15.3.2.2 Water washing required?
radiant section Yes No
convection section Yes 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 |
16.4.3 Galvanizing of handrails, etc.? Yes No

Bolt protection:

galvanizing Yes No

zinc-coating Yes Lo
16.6.15 Export crating |
16.6.16 Long-term storage requirements |
17.1.3 Pre-inspection meetings required prior to the, start of fabrication? Yes NO
17.3.1 Positive materials identification (PMI) required? Yes No
17.3.2¢c) Radiography of critical sections requtired? Yes No
17.3.4 c) 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? Yes NO
17.54.2 PMI requirements |
E2.1.4 Electrical-area classification for fired-heater equipment/system |
E.21.7 Weather and environmental requirements for outdoor installation |
E.2.2.1 Corrosion allowance required for fan scroll and housing? Yes No
E.25.2 Blade design
E.25.8 Corrosion-resistant shaft sleeves required for ID fans? Yes No
E2.74 Rotor response analysis required? Yes No
To be confirmed by test-stand data? Yes No
E.2.8.3 Mechanical running test required? Yes No
E211.1.2 Corrosive agents in the flue gas or environment affecting fan materials
selection
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Subclause Item Requirement

E.2.11.3 Alternative notch-toughness requirements for fans

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-driver sizing

E.3.4.1.2 Fan vendor required to review overall control system for compatibility? Yés No

E.3.4.2.1 Type and source of control signal, its sensitivity and range and’the| |
equipment scope to be furnished by the vendor

E.3.4.3.1 Damper blades:

parallel Yegs No
opposed Yeés No

E.3.4.3.2 Fan vendor to state maximum expected leakage thfough closed dampers| vygg No
and vanes?

E.3.%.24 Corrosion allowance

E.3.6.2.2 Type of insulation and jacketing

E4.1.1 Non-destructive examination

E.4.1.6 a) Shop fit-up and assembly of fan, drivers and other auxiliaries required| Yegs No
prior to shipment?

E4.16¢c) Hardness testing required? Yés No

E.4.2.1 Fan testing requirements 1

E4.2.3 Rotor response analysis? Yeés No

E.4.8.1 Equipment to be specially prepared for six months of outdoor storage? Yégs No

E.4.8.2 Shipping preparation requirements
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Annex C
(informative)

Proposed shop-assembly conditions

SERVICE EQUIPMENT NO.
UNIT PLANT LOCATION
SHOP-ASSEMBLY TYPE NO. REQUIRED
CONDITIONS OWNER REFERENCE NO.
PURCHASER REFERENCE NO.
VENDOR REFERENCE NO.
DATE PAGE 1 OF
DEGREE OF ASSEMBLY
Complete assembly (Number of sections) Radiant Convection
Boxes:
1. Refractory|only
2. With anchgrs only
Panels:

3. With tubes|and refractory installed

4. With refragtory only

5. With anchgrs only

Coils:

6. Number of|coil assemblies

7. Number offhairpins, canes, tubes

8. Field weldg, number/size

Lined Unlined

Number of pied

9. Breeching
10. Flue gas d
11. Combustiol
12. Header bo
13. Plenum ch
14. Stack

Installation:
15. Tube supp

16. Floor refra
17. Header bo
18. Plenum ch
19. Bridgewall
20. Dampers

21. Cages tol
22. Platform fl

es:

Licts

h air ducts
es

bmber

Drts
tory
es

Bmbers

dders

23. Platform s
24. Handrails,

oring to framing

With anchors

Without anchors]

ppoft clips to casing

idrails and toeplates to posts

Shop-installed

Field-installed

25. Stair treads 1o stringers

26. Doors

27. Tube-skin thermocouples
28. Internal coatings

29. Burners

30. Sootblowers

94
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SERVICE EQUIPMENT NO.
UNIT PLANT LOCATION

SHOP-ASSEMBLY TYPE NO. REQUIRED

CONDITIONS OWNER REFERENCE NO.
PURCHASER REFERENCE NO.
VENDOR REFERENCE NO.
DATE PAGE 2 OF

DEGREE OF ASSEMBLY (continued)

Air heater:

Drivefs:
4.

5.
6.

Other

© ® N

ESTIMATED ‘SHIPPING MASSES AND DIMENSIONS

10. [Total heater mass, tonnes (long tons)

11. [Total ladders, stairs, platform mass, tonnes (long tons)

12. |Total stack mass, tonnes (long tons)

13. |Maximum radiant-section mass; toannes (long tons)

14. |Maximum radiant-section dimensions, length x width x height, m (ft)

15. |Maximum convection-section'mass, tonnes (long tons)

16. |Maximum convectionéSection dimensions, length x width x height, m (ft)
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Annex D
(normative)

Stress curves for use in the design of tube-support elements

D.1 General

This annex provides stress curves that shall be used in the design of tube-support elements. The following
stress curveg are provided:

a) one-third of the ultimate tensile strength;

b) two-thirds of the yield strength (0,2 % offset);

c) 50 % of the average stress required to produce 1 % creep in 10 000 h;
d) 50 % of the average stress required to produce rupture in 10 000 h.
Some of the[stresses listed in items a) through d) were not available for carbon‘stéel castings or plate pr for

50Cr-50Ni-Np castings. The stress curves were plotted from data gathered over-hormal design ranges. [All of
the materials| are suitable for application at lower temperatures.

D.2 Casting factor

For cast maferials, the stresses shown in Figures D.1 through D.43 are actual stresses based on publjshed
data accepted by the industry. A casting-factor multiplier of 0,8 shall be applied to the allowable stress value in
the calculatign of the minimum thickness.

D.3 Minimum cross-sections

If good foundry practice or casting methods or telerances require the use of a cross-section heavier thap that
based on the calculation specified in D.2 of the stress curves shown in Figures D.1 through D.13, the
governing thickness shall be specified.

d are

some
high

vever,

D.6 Proprietary alloys
Many low-chromium alloys, alloy cast iron and high-chromium nickel alloys are proprietary. The allowable

stresses used for the design of castings that use these materials (that are not included in Table 10) 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.

96 © I1SO 2012 — Al rights reserved


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

D.8 Data sources

ISO 13705:2012(E)

Table D.1 lists the sources of the stress data presented in Figures D.1 through D.13.

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 21/4Cr-1Mo castings Tensile strength ASTM DS 6
Yield strength ASTM DS/6S2
Rupture stress ASTM{DS-6S2
Creep stress ASTM DS 6S2

D.4 21/4Cr-1Mo plate Tensile strength ASTM DS 6S2
Yield strength ASTM DS 6S2
Rupture stress ASTM DS 6S2
Creep stress ASTM DS 6S2

D.5 5Cr-1/2Mo castings Tensile strength ASTM DS 6
Yield strength ASTM DS 58
Rupture stress ASTM DS 58
Creep stress ASTM DS 58

D.6 5Cr-1/2Mo 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 Tensite strength ASM Metals Handfook
Yield strength ASM Metals Handfook
Rupture stress ASM Metals Handfook
Creep stress ASM Metals Handfook

D.8 Type 304H plate Tensile strength ASTM DS 582
Yield strength ASTM DS 5S2
Rupture stress ASTM DS 5S2
Creep stress ASTM DS 5S2

D.9 25Cr-12Ni castings Tensile strength ASM Metals Handfjook
Yield strength ASM Metals Handfook
Rupture stress ASM Metals Handfook
Creep stress ASM Metals Handfook

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

DN Z5CT-Z0NT 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-657P

@  See Bibliography.
b Reference [32].
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207 (30)
1
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13§720) === N
-7 ] B
/ ~
7
2
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149 204 260 316 371 42.7 482 X
(300) (400) (500) (600) (700) (800) (900)
temperatyre, expressed in degrees Celsius (degrees Fahrenheit)
stress, expressed in megapascals (pounds per square inch x 1 000)
1/3 tensilg strength
2/3 yield gtrength
maximum|design temperature
Figure D.1 — Carbon steel castings: ASTM A 216, grade WCB
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maximum design temperature

W N = < X

Figure D.2 — Carbon steel plate: ASTM A 283, grade C
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o h wWN 2 <X

Figure D.3 — 2 1/4Cr-1Mo castings: ASTM A 217, grade WC9
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Figure D.4 — 2 1/4Cr-1Mo plate: ASTM A 387, Grade 22, Class 1
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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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Figure D.10 — Type 309H plate: ASTM A 240, type 309H
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Figure D.11 — 25Cr-20Ni castings: ASTM A 351, grade HK40
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Annex E
(normative)

Centrifugal fans for fired-heater systems

E.1 General

This annex specifies requirements and gives recommendations for centrifugal fans intended for continuous
duty jn fired=heater systems—Ttheterms—and definitions givermrbetowappty prb;ﬁbd“y to—thisannex and are
therefore not given in Clause 3.

This pnnex is intended to cover all the requirements for fired-heater fan applications. At the dis¢retion of the
purchaser, alternative specifications, such as API 673, may be used,

E.1.1
fan rated point
(fan gpeed) highest speed necessary to meet any specified operating condition

E.1.2
fan rated point
(fan ¢apacity) capacity and pressure rise required by fan design.tomeet all specified operating pdints

NOTH 1 Not to be confused with the rating point as defined in AMCA 802, to which users typically add head and/or
volune margins for process uncertainties, reduced performance-resulting from time-related “wear and t¢ar” and other
operafting conditions known to exist.

NOTH 2  The fan rated point is the same as the MCR (Tést Block condition as defined in AMCA 801.

NOTBE3 SeeE.2.1.2.

E.1.3
normal operating point
point| consistent with the design total absorbed duty for the heater, at which usual operation is ¢xpected and
optimfum efficiency is desired

NOTH 1 This is usually the point at which the vendor certifies that performance is within the toleranceg stated in this
Interniational Standard.

NOTH 2  This definitionis similar to the rating point as defined in AMCA 802 (see E.1.2).

E.1.4Ln
maximum allowable speed
highgst speed at which the manufacturer's design permits continuous operation

E.1.8
maximum allowable temperature

maximum continuous temperature for which the manufacturer has designed the equipment (or any part to
which the term is referred) when handling the specified fluid at the specified pressure

NOTE Mechanical damage can occur if the fan is operated above this temperature.

E.1.6

maximum expected inlet temperature

normal operating temperature plus a margin for any abnormal specified operating condition, e.g the upstream
equipment becoming fouled
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E.1.7
fan total pressure
difference between the total pressure at the fan outlet and the total pressure at the fan inlet

E.1.8
fan velocity pressure
pressure corresponding to the average velocity at the specified fan outlet area

E.1.9
fan static pressure
difference between the fan total pressure and the fan velocity pressure

NOTE This can alternatively be expressed as the difference between the static pressure at the fan outlet and-thg total
pressure at th¢ fan inlet.
E.1.10

static pressure rise
static pressufe at the fan outlet minus the static pressure at the fan inlet

E.1.11
inlet velocity pressure
difference bgtween fan static pressure and static pressure rise

E.1.12
actual flow rate

flow rate determined at the conditions of static pressure, temperature,»compressibility and gas compog
including mo|sture, at the fan inlet flange

NOTE THe actual flow rate is expressed in actual cubic metres per. minute (actual cubic feet per minute).
E.1.13
fan vendor

manufacturef of the fan

Bition,

E.1.14

trip speed

speed at whith the independent emergency\overspeed device operates to shutdown a prime mover

E.2 Design

E.2.1 General

E.21.1 The centrifugalfan and driver equipment (including auxiliaries) shall be designed and constrlicted
for a minimuin service life of twenty years and at least three years of uninterrupted operation.

E.2.1.2 Fans shall be designed to operate satisfactorily at all specified operating conditions. The two
operating po|nts_of particular concern are the rated pomt and the normal operatlng point (see E.1.1, E1.2 and

E.1.3). It sha

flow rate, pressure, pressure rise, temperature and inlet gas density) to the fan manufacturer. In developing

these data, the fan purchaser shall consider the following.

a)

b)

112

The normal operating point is that point at which it is expected that the furnace will be operated most of
the time. It shall be the fan manufacturer's responsibility to optimize the fan's efficiency as close to this
point as practical. This operating point shall be consistent with the normal heat release for the burners for
the design total absorbed heater duty and efficiency.

The fan rated point shall include the flow required (including all surpluses for excess air, system leakage
and design safety factor) to meet the design heat release. In no case shall the rated point be less than
115 % of the normal operating flow. The fan purchaser shall specify the fan static pressure rise and
temperature required for the rated point. In no case shall the rated point be achieved with the fan inlet
damper beyond 100 % of the full open position.
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c) The fan rated point shall be selected to best encompass specified operating conditions within the scope of
the expected performance curve (see Figure E.1).

Y A
1
2
T3 N 3
12 4
)
11
X
Key
X iplet capacity
Y  dtatic pressure
1  gpproximate surge line 8 normal speed
2  gpproximate capacity line 9  operating speed
3  gritical speed 10 minimum operating speed
4 ffip speed 11 operating point
5 rpted point 12 normal operating point
6  maximum continuous speed forvariable speed 13 specified operating point
driver (105 % = 100 x 1,05)
NOTH 1 Except where specific-numerical relationships are stated, the relative values implied in this figur¢ are assumed
values for illustration only.
NOTH 2 The 100 %-speed curve is determined from the operating point requiring the highest static presspre (item 13).
NOTH 3 Refer to'E.1.1, E.1.2 and E.2.1.2 for information on fan rated point.
NOTH 4  Referto E.2.7 for information on critical speeds.
NOTH 5 « For trip speeds, see the table below.

DRIVER TRIP SPEED
(percent of rated speed)

Steam turbine

NEMA Class A® 115
NEMA Class B, C, D? 110
Gas turbine 115
Variable-speed motor 110
Reciprocating engine 110

?Indicates governor class as specified in NEMA SM 23

Figure E.1 — Fan performance nomenclature
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E.2.1.3 The arrangement of the equipment, including ducting and auxiliaries, shall be developed jointly by
the purchaser and the heater 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 the
applicable sections of IEC 60079 or NFPA 70, as well as local codes specified and furnished by the purchaser.
API RP 500 provides guidance on area classification.

E.2.1.5 All equipment shall be designed to permit rapid and economical maintenance. Major parts such
as fan housing, inlet cone and bearmg housmgs shaII be deS|gned (shouldered or dowelled) and
manufactureg-te-ensure—aceurate—ahgnmen Vi dow v ' after

final alignmept.

E.2.1.6

outlet duct
loading on
Foundation

he fan vendor shall formally review and approve or comment on the fan purchaser’s inlet and
gnd equipment arrangement drawings. This review shall consider structural aspects, su¢h as
fan parts, and configuration details that impact fan performance as described”in AMCA 801.
drawing review by the fan vendor is not required unless specified by the purchaser.

E.2.1.7 ans, drivers and auxiliary equipment shall be suitable for installatien outdoors with nd roof
unless otheryise specified. The purchaser shall specify the weather and environmental conditions in whigh the
equipment ghall operate (including maximum and minimum temperaturess and unusual humidity or| dust
problems). Flor the purchaser's guidance, the vendor shall list in the propesal any special protection that the
purchaser is required to supply before and after installation.

E.2.1.8 Spare parts for the machine and all furnished auxiliaries shall meet all the criteria of this
International|Standard.

E.2.1.9
by the purch

he selected operating speed of the fan shall net:exceed 1 800 r/min, unless otherwise appfoved
aser.

E.2.1.10 Fan arrangement and bearing support shall be in accordance with AMCA 801:2001,
arrangement|3 or arrangement 7, with the fan.impeller located between bearings, the bearings mopnted
independently of the fan housing on rigid pedestals and sole plates, and the bearings protected from theair or
gas stream iff any of the following conditions,exist:

a) driver rated power of 112 kW (150-BHP) or greater;

b) speed greater than 1 800 r/min;

¢c) maximur specified opefating temperature greater than 235 °C (455 °F);

d) corrosivg or erosive\service;

e) service dubjectto fouling deposits that could cause rotor unbalance.

H ACA QO4 .90N04 L H
For services 'not QUUJUL,I. to-the—above—conditions; AMECA-864+:2601; a||a||yc|||cnm +—8-and-Sattwithbe rings

mounted independent of the fan housing may be used if approved by the purchaser.

For fan selection, it should also be considered that:
— reduced speed is desirable for erosive service and for units subject to fouling deposits on the rotor;
— belt drives should be limited to no more than 75 kW (100 BHP) rated driver size.

If drivers are rated less than 30 kW (40 BHP) and speeds greater than 1 800 r/min, AMCA 801:2001
arrangements other than 3 and 7 may be specified on the data sheet.
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E.2.1.11 Fan performance shall be based on fan static pressure rise across the fan inlet and outlet flanges,
not including discharge velocity pressure. When specifying required performance, the fan purchaser is
responsible for including the effect of inlet velocity pressure. To obtain the static pressure differential, the
silencer and inlet losses, including control system losses, shall be added by the fan vendor to the fan
purchaser's specified inlet and outlet static pressures.

E.2.1.12 Unless otherwise specified, fans shall have a continuously rising pressure characteristic (pressure
versus flow rate plot) from the rated capacity to 60 % 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). Applications that include a

E.2.1(13  The fan shall be mechanically designed, as a minimum, for continuous operation ‘at|the following
tempgratures:

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.
Congjderations for driver sizing and starting operations are covereddn,E.3.2.1 through E.3.2.5.

E.2.1.15 Fan inlets shall be designed as described below.

a) Hor forced-draught fans, provision of the inlet equipmént and arrangements, including silencer(s) and
transition piece(s), shall be coordinated between the fan purchaser and the fan vendor. (Portions may
ormally be supplied by each.)

b) Unless otherwise specified, the air intake shall be at least 4,5 m (15 ft) above grade. The purchaser shall
aluate air-intake elevation requirements considering the possibility of dust entering the| system and
gausing surface fouling, the area noise-limitation requirement and the corresponding need fpr a silencer,

the possibility of combustible vapour entering the fan and power penalties for inlet stack [and silencer
configurations.

c) The fan inlet equipment shall-include intake cap or hood, trash screen, ducting and support,|inlet damper
dr guide vanes, inlet boxes and silencer, as required. All components shipped separately shall be flanged
for assembly. The inlet;equipment assembly shall be designed for the wind load shown on|the fan data

eet.

E.2.2 Fan housing

E.2.21 The fan scroll and housing sides shall be a continuously welded plate construction. The minimum
plate[thickness shall be 5 mm (3/16 in) for forced-draught fans and 6 mm (1/4 in) for induced-@iraught fans.
The purchaser shall specify whether a corrosion allowance is required. Stiffeners shall be provinfed to form a
rigid housing free of struciural resonance and to mit vibrafion and noise. The exiernal stiifeners may be
intermittently welded to the fan housing. Unstiffened flat surface areas of casing walls shall not exceed

0,37 m2 (4,0 ft2).

For fans in arrangements 3 and 7, the housing and inlet box(es) shall be split at a bolted, flanged and
gasketed connection to allow assembled rotor removal and installation without disturbing duct connections.
Other arrangements shall be similarly split where impeller diameter exceeds 1 070 mm (42 in).

The inlet cone shall be constructed so that it does not impede rotor removal or installation. The cone shall
either be split, separately removed as a whole, or be removable in assembly with the rotor.
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Bolted and gasketed access doors, of the largest possible size up to 600 mm x 600 mm
(24 in x 24 in), shall be provided in the scroll and inlet box(es) for access to the fan internals for inspection,
cleaning and rotor balancing and to any internal bolting necessary for rotor removal.

Adequate flanged sections shall be provided in the fan housing and inlet box(es) so that the

can be removed and installed without requiring personnel to enter the inlet box(es).

E.2.3 Fan

E.2.3.1
connections

E.2.3.2

point(s) of th

E.2.4 Exte

Fan housing
connections.
external load

silencers an
housing to a

a) maximur

b) expansig

isolation

housing connections

Inlet and discharge connections shall be flanged and bolted. Facings, gaskets and bolting
shall prevent leakage.

rotor

of all

A\ccessible flanged drain connections, DN 50 (NPS 2) minimum size, shall be provided-at.th
b housing and inlet boxes.

rnal forces and moments

s are generally designed for low external forces and moments fram) the inlet and
It shall be the responsibility of the heater vendor to specify on the ‘data sheets the exp
s to be imposed on the fan housing from the ancillary equipment (that'is, ducting, sound tr
| filters) if this equipment is not supplied by the fan vendor. Fhe-fan vendor shall desig
cept the specified loads. The following information shall be provided:

h allowable external forces and moments;

n joint information and recommendations if joints -arg’required for thermal expansion, vib
or both.

E.2.5 Rotating elements

E.2.5.1

the highest

detailed in a

Design and g

a) hollow a
to preve

b) solid bla

c) non-airfo

E.2.5.2
design shall
designs and

E.2.5.3

ossible efficiency. Backward-curved/backward-inclined blades are permitted in the constru
., b) and c) below.

onfigurations available as @ptions include:

rfoil construction of 2,6 mm (0,10 in) minimum skin-thickness material designed and constr|
];t the internal accumulation of condensables, foulants or corrosion products,

es with airfoil shape,
il shape ef minimum single thickness 6 mm (1/4 in).

nduced-draught fan design shall consider operations in a possible dirty-gas environment.
be_specified by the purchaser. Radial and radial-tipped configurations are considered non-f¢

E low

butlet
bcted
Links,
n the

ation

Fan impellers shall have a non-overloading horsepower characteristic and shall be designgd for

tions

icted

Blade
uling

1 . PN .
IavVe TOWCT TSIl It CIINCICTIUITS.

The impeller shall be of welded construction. Shrouds, backplates and centre plates

shall

normally be of one-piece construction. They may be fabricated if the sections are joined by full-penetration
butt welds meeting the examination requirements of E.4.1. Fan-wheel materials shall be suitable for operation
with the gas specified on the data sheet, considering corrosion, erosion and temperature, including the
maximum allowable temperature. The vendor shall state whether post-weld heat treatment of the fabricated
wheel is required, after consideration of environmental and mechanical (residual stress) effects.

E.2.5.4 Gas temperature-change rates, heating and cooling, in excess of 8 °C (15 °F) per minute may be
expected on induced-draught fans. Fan vendors shall specify the maximum allowable rate of change to
ensure that an adequate hub-to-shaft interference fit is maintained.
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E.2.5.5 Impellers shall have solid hubs, be keyed to the shaft and be secured with an interference fit.
Unkeyed fits with appropriate interference are permissible with purchaser's approval. Cast or ductile iron hubs
are acceptable below a mechanical design temperature of 150 °C (300 °F). If the impeller is to be bolted to the
hub, the manufacturer's design shall preclude relative movement between the impeller and hub.

E.2.5.6 Shafts shall be of one piece, heat-treated, forged steel. Shafts 150 mm (6 in) in diameter and
smaller may be machined from hot-rolled steel. For arrangements 3 and 7, shaft diameters shall be stepped
on both sides of the impeller-fit area to facilitate impeller assembly and removal. Fillets shall be provided at all
changes in shaft diameters and in keyways. Keyways shall have fillet radii in accordance with ASME B 17.1.
Welding on the shaft is not permitted. For fans operating above 120 °C (250 °F), shafts shall be rough-
machined to within 6 mm (1/4 in) of final dimensions and stress relieved before final machining.

E.2.57 Shafts shall be capable of handling 110 % of rated driver torque from rest to rated‘spged.

E.2.58 If specified by the purchaser, induced-draught fans shall be provided with|corrogion-resistant
shaft|sleeves to reduce the effect of dew-point corrosion at shaft seals. Sleeves shall’extend 150 mm (6 in)
into the fan housing.

E.2.¢ Shaft sealing of fans

E.2.6.1 Shaft seals shall be provided to minimize leakage from or nto fans over the rangg of specified
opergting conditions and during idle periods. Seal operation shall be{suitable for variations in inlet conditions
that rhay prevail during start-up and shutdown or any special operation specified by the purchaser.

E.2.6.2 Shaft seals shall be replaceable from the outside ‘of the inlet box(es) without disturlling the shaft
or beprings.

E.2.7 Critical speeds/resonance

E.2.71 Unless otherwise specified, the separation margin of critical speeds from all lateral (ipcluding rigid
and lbending) modes shall be at least 25 % over the maximum continuous speed. The separatjon margin is
intengled to prevent the overlapping of the résonance response envelope into the operating speed range.

NOTEH The term “critical speed” used herein considers the factors defined by “design resonant speed” il AMCA 801.

E.2.7.2 Resonances of support systems within the vendor's scope of supply shall not ocqur within the
specified operating speed range or the specified separation margins, unless the resonances|are critically
damped.

E.2.73 Bearinghousing resonance shall not occur within the specified operating spepd range or
specified separatien-margins.

E.2.74 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 gonfirmed by
test-gtand\data.

E.2.7.5 The vendor who has unit responsibility shall determine that the drive-train critical speeds are
compatible with the critical speeds of the machinery being supplied, and that the combination is suitable for
the specified range of operating speed. A list of all undesirable speeds, from zero to trip, shall be submitted to
the purchaser for his review and included in the instruction manual for his guidance.

E.2.7.6 For fixed speed fans, a minimum margin of £10 % shall be provided between operating speed

and drive-train torsional resonances. For variable speed fans, a list of all undesirable speeds from zero to trip
shall be submitted.
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E.2.8 Vibration and balancing

E.2.8.1

residual unbalance shall not exceed the values in ISO 1940-1:2003, balancing grade G2.5.

E.2.8.2

The complete fan rotating assembly, with the coupling, shall be dynamically balanced. The

Prior to rotor assembly, the shaft shall be inspected for mechanical runout and concentricity at the

impeller mounting-surface seat and bearing journals. Runout shall not exceed the total indicator reading
specified in Table E.1.

Table E.1 — Maximum shaft runout indicator readings

Dimensions-in-millimetres (ir‘

ches)

Total indicator reading

Shaft diameter
Bearing-journal area Wheel-mounting area
<150 (< 6) 0,025 (0,001) 0,050 (0,002)
150 (6) to 355 (14) 0,038 (0,001 5) 0,0750,003)
> 355 (> 14) 0,050 (0,002) 0,100 (0,004)
E.2.8.3 If specified by the purchaser, a mechanical running test shall be performed at the fan vendor's
shop (see EX.2.2). During the shop test of the assembled machine operating at maximum continuous gpeed

or at any oth

er speed within the specified operating range, the maximuf' allowable unfiltered peak vib

velocity, measured on the bearing housing in any plane, shall not :exceed 5 mm/s (0,2 in/s) or 2,5

(0,1in/s) at 1
unfiltered vel

E.2.9 Bear

E.2.9.1
fans rated at

E.2.9.2
ratings:

DN factd
the rated

a)

b) L-10 life
hours at

before th

c) load fact

unning frequency. At the trip speed of the driver, the vibration shall not exceed 6 mm/s (0,25
pCity.
ngs and bearing housings

Bearing types shall be either antifriction,ar)hydrodynamic (sleeve). Unless otherwise spe
112 kW (150 BHP) or greater shall have_horizontally split, self-aligning hydrodynamic bearin

ation
mm/s
in/s)

ified,
gs.

Antifriction bearings shall be self-aligning and the selection shall be based on the follpwing

r less than 200 000 (the DN-factor is the product of bearing bore, expressed in millimetres
speed, expressed in revolutions per minute);

, and

factor (as defined-in-ABMA Standard 9) of 100 000 h or greater (the rating life is the number of

rated bearing lead-and speed that 90 % of the group of identical bearings will complete or e
e first eviden€e-of failure);

or less than 2 013 400 (load factor is the product of rated power, expressed in kilowatts

rated spged, expressed in revolutions per minute).

“Maximum Id

ceed

and

ad” (filling slot) antifriction bearings shall not be used for any service, including drivers (m

btors,

turbines and

E.2.9.3

gearsy.

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.2.9.4

designs shall have provisions for supporting the rotor during bearing maintenance.

E.2.9.5

between the fan housing and/or inlet box(es) and the adjacent bearing(s).

118

Shaft bearings shall be accessible without dismantling ductwork or fan casing. Overhung impeller

All induced-draught fans shall be supplied with a heat slinger (with safety guards), located
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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). If cooling
coils (including fittings) are used, they shall be of nonferrous material and shall have no internal pressure
joints or fittings. Coils shall have a thickness of at least 1,07 mm (19 BWG or 0,042 in) and shall be at least
12,5 mm (0,50 in) in diameter.

E.2.9.7 Bearing housings shall be drilled with pilot holes for use in final dowelling.

E.2.10 Lubrication

E.2.1041 Unless otherwise Qpnr‘ifind’ hnnringe and hnaring hmleinge shall be armngnd for hy"irocarbon oil

lubridation in accordance with the bearing manufacturer's recommendations. Grease-packed antifriction
bearings shall not be provided without purchaser's approval.

E.2.10.2 On dampers and variable inlet vanes, all linkage, shaft fittings and bearings_shall be|permanently
lubridated. Components requiring periodic lubrication shall be furnished with |ubrication fittings that are
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
vendpr.

E.2.10.4  Transparent oil containers shall be of the glass type.
E.2.11 Materials

E.2.11.1 General

E.2.11.1.1 Construction materials shall be the mandfacturer's standard for the specified operating conditions,
except as required by the purchaser.

E.2.11.1.2 The purchaser shall specify if.there are any corrosive agents present in the flue gas and in the
envirbnment, including constituents that-can cause stress-corrosion cracking. The fan vendor shall select
matefials 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 Type 300 stainless steel or mpaterials with
similgr galling tendencies are-used, they shall be lubricated with an anti-seizure compound fated for the
specified temperatures.

E.2.11.1.4 Low-carbon steels can be notch-sensitive and susceptible to brittle fracture at ampbient or low
temperatures. Therefore, only fully killed, normalized steels made to fine-grain practice arg acceptable.
ASTM A 515/A 1504171 steel shall not be used.

E.2.11.1.5 .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 D 14.6 for rotor welds and AWS D 1.1 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 inspection and quality control requirements of AWS D 14.6 have been satisfied.

E.2.11.2.3 All rotor-component butt welds shall be continuous full-penetration welds.
E.2.11.2.4 Intermittent welds, stitch welds or tack welds are not permitted on any part of the fan or

accessories furnished by the vendor, except as noted in E.2.2.1 and E.3.4.3.5. Such welds used for parts
positioning during assembly shall be removed.
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E.2.11.3 Low temperature

For operating temperatures below — 29 °C (- 20 °F) or, if specified by the purchaser, for other low ambient
temperatures, steels shall have, at the lowest specified temperature, an impact strength sufficient to qualify
under the minimum Charpy V-notch impact energy requirements of the ASME Boiler and Pressure Vessel
Code, Section VIII, Division 1, UG-84. For materials and thicknesses not covered by the Code, the purchaser
shall specify the requirements on the data sheet.

E.2.12 Nameplates and rotation arrows

E.2.12.1 A nameplate shall be securely attached at an easily accessible point on the equipment and on
any other mdjor piece of auxiliary equipment.

E.2.12.2 he rated conditions and other data shall be clearly stamped on the nameplate and shall inglude,
but are not limited to, the following:

a) vendor;
b) year of manufacture;
c) model nymber;

d) serial number;

e) size;
f) type;
g) purchasgr's equipment item number (may be listed on separate nameplate if space is insufficient);
h) actual flgw rate, in cubic metres per minute (cubic feet-per minute);

i) static prgssure differential, in mm H,O (in H,0);

j) temperafure, inlet, in °C (°F);

k) revolutions per minute, rated;

I) revolutiops per minute, maximum allowable (at maximum allowable temperature);

m) first critigal speed,;

n) kilowatts|(BHP) (rated);

o) centrifugpl force,.@?, rated:;

p) rotor mass, in kilograms (pounds);

q) design opetfating-attitudeinmetres{feetraboveseatever:

The contract or data sheets shall specify SI, USC or other units.

E.2.12.3 Rotation arrows shall be cast in or attached to each major item of rotating equipment.
E.2.12.4 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.

9 Monel is an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 13705 and does not constitute an endorsement by ISO of this product.
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E.3 Accessories
E.3.1 General

The purchaser shall specify those accessories to be supplied by the fan vendor.

E.3.2 Drivers

E.3.2.1 The type of driver shall be specified by the purchaser. The driver shall be sized to meet

the fan rated

point conditions, including external gear and/or coupling losses and off-power drag of the start-up motor (if

any),rand-sha
shall [be sized and designed for satisfactory operation under the utility and site conditions, $pe

purcnaser.

r. The driver
cified by the

E.3.2.2 Anticipated process variations that can affect the sizing of the driver (such ‘as changes in the

presdqure, temperature or properties of the fluid handled, as well as special plant start-=up conditi
specified by the purchaser.
E.3.23 Forced-draught fan-driver sizing shall consider fan performancetatyminimum ambient

E.3.24 Induced-draught fan-driver sizing shall consider possiblesvariations in operating tem
gas density (for example a cold start).

Provisions for flow control, through dampering or speed variation, allows for start-up and operati
lower-than-normal process operating temperature. With these’ features, the need for greater ¢
hand|e low temperatures can be avoided. Operating instfactions shall cover the use of damp
contrpl for such cases, particularly at startup.

E.3.25 The starting conditions for the driven*equipment shall be specified by the purchg
starting method shall be mutually agreed upomnby the purchaser and the fan vendor. The driV
torque capabilities shall exceed the speed-torgue requirements of the driven equipment. The fan
verify that the starting characteristics of the'fan and driver are compatible.

E.3.26 Unless otherwise specified, motor-driven fans shall be direct-connected.

E.3.27 For motor-driven units, the motor nameplate rating (exclusive of the service facto

least[110 % of the greatest\power required (including gear and coupling losses) for any of
operating conditions.

E.3.2.8 Full load and starting current, system centrifugal force and curves showing motor s
speefl-current and'speed-power factors shall be provided for each fan drive.

E.3.29
with 80 % ofthe design voltage applied.

bns) shall be

temperature.
perature and
pn to be at a

river size to
brs or speed

ser, and the
er's starting-
vendor shall

) shall be at
he specified

peed-torque,

Motor drivers shall be capable of starting the fan, with the control damper in the minimhum position,

E.3.2.40 Servicefacto orthe-drivershall-be-inaccordancewith-Table

Table E.2 — Service factors

Power Service factor
Turbine 1,00 motor 1,15 motor
<19 kW (25 hp) 1,10 1,25 1,14
> 19 kW (25 hp), < 56 kW (75 hp) 1,10 1,15 1,05
> 56 kW (75 hp) 1,10 1,10 1,0
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E.3.3 Couplings and guards

E.3.3.1

unless otherwise specified on the data sheets.

E.3.3.2

Flexible couplings and guards between drivers and fans shall be supplied by the fan vendor,

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 operation of the equipment train. The guard shall be

readily remo

E.3.4 Controls and instrumentation

E.3.4.1

E.3.411 U
E.3.4.1.2
purchaser td
specified by
compatibility

E.3.4.2 Control systems

E.3.4.2.1

combination
variation. Th
the equipme

E.3.4.2.2
outlet dampg

E.3.4.2.3

control syste
95 % of the
speed, whicH

E.3.4.24

operating ra
correspond t

E.3.4.2.5

General

The fan vendor shall provide fan performance data (in accordance with~Clause E.5) to enab
properly design a control system for start-up and for all specified operating conditiohs
the purchaser, the fan vendor shall review the purchaser's<overall fan control systefn for

The fan may be controlled on the basis of inlet pressure, discharge pressure, flow rate or

The full range<of the purchaser's specified control signal shall correspond to the reg

tod ok H m ! e F TN 1 el PRI LR T 41 !l Lot
dPIT TUN TSP LUHUTNT alfu TridairiteTialrive U e COUpPITTY WILNOUUL Uistutoirty uic COUPICU TTHaCUrmrt

nless otherwise specified, controls and instrumentation shall be designed-for outdoor install

with fan-vendor-furnished control equipment (see E.3.2.5).

of these parameters. This may be accomplishied by suction or discharge throttling or
nt scope to be furnished by the vendor.

For constant-speed drive, the controlsignal shall actuate an operator that positions the in
r.

For a variable-speed drive, thecontrol signal shall act to adjust the set point of the driver's s
M. Unless otherwise specified, the control range shall be from the maximum continuous spe
Minimum speed required .for any specified operating case, or 70 % of the maximum contin
ever is lower.

hge of the_driven equipment. Unless otherwise specified, the maximum control signal
b the maximum continuous speed or the maximum flow rate.

ation.

e the
f

s0me

gpeed
b purchaser shall specify the type and sourcé of the control signal, its sensitivity and rang¢ and

et or

peed-
ed to
uous

uired
shall

specified) the

dampers or

nlessotherwise specified, facilities shall be provided to automatically open or clos¢
dampers or varlable |nIet vanes on Ioss of control S|gnal and to automatlcally Iock or brak

(as
e the

specific system consideration and the associated controls shall be arranged to av0|d creating 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 expectedilea

the G
state

E.3.4.3.3

interd
varia

losed dampers or vanes, at the operating temperature and pressure specified by.the pu
l leakage shall correspond to pressure and temperature differentials expected with-the’fan o

Unless otherwise specified, the damper or variable-inlet vane.‘mechanisn
onnected to a single operator. The operating mechanism shall be desighed so that the
ble-inlet vanes can be manually secured in any position.

E.3.

durin

mec‘:]
cons

.3.4 Variable-inlet-vane operating mechanisms shall be located outside the gas
anism shall be readily accessible for in-place inspection and maintenance and be of bolte
ruction to permit removal if necessary. Provision shall be farnished for lubrication of thg
j operation.

E.3.4.3.5
back|side of the blade with full slot welds along the full length of the front side.

E.3.

E.3.

Inlet
air. T
(1,5i
provi
acco

E.3.5.2 Silencers and,inlet ducts

Variable-inlet vanes shall be continuously welded to the spindle or intermittently w

Piping and appurtenances

.1 Inlet trash screens

rash screen(s) to prevent entry ofidebris shall be provided for forced-draught fans handling
his screen shall be fabricated_from wire of minimum diameter 3 mm (1/8 in), with a me
n) nominal opening. The scréen shall be suitably supported by cross-members. Rain hoo
Hed on vertical inlets. Screen’ supports and rain hoods shall be of galvanized carbon steel
dance with E.3.6.1.1. Frash screens shall be of 300 series stainless steel.

age through
fchaser. The
perating.

s shall be
dampers or

stream. The
 attachment
mechanism

elded on the

atmospheric
sh of 38 mm
d(s) shall be
or coated in

E.3.5.2.1 Thedifferential pressure across each inlet or exhaust silencer shall not exceed 20 nim (0,8 in) of
water column.

E.3.5.2.2¢ \(Silencers shall be designed to prevent internal damage from acoustic or mechanical fesonances.
E.3.5:2

E.3.5.2.4 Carbon steel construction shall be of 5mm (3/16in) minimum-thickness plate. Corrosion

allowance and alternative material, if required, shall be specified by the purchaser.

E.3.5

©I1SO

.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

2012(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, grade 21/2, and then painted with a 75 ym
(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,| non-machined surfaces of all bearing pedestals and bearing housings, fan housings, inlet and
discharge connections and accessories on both insulated and uninsulated units. Apply after all*exjernal
shop-weldments are complete.

E.3.6.1.2 (Coatings shall be selected to resist deterioration and fume generation at the niaximum specified

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 discIarge

connections where normal operating temperature is 83 °C (180 °F) or higher;,or if acoustic insulation of fans is

required. Unlless otherwise specified, the clips or studs shall be designed and installed for a minjmum
insulation thickness of 50 mm (2 in).

E.3.6.2.2 The insulation shall maintain a maximum jacket-surface temperature of 83 °C (180 °F) af| zero

wind and 27|°C (80 °F) ambient conditions. The purchaser shall-specify the type of insulation and jackgting.

This materiall may be supplied and field-installed by other than:the fan vendor, unless otherwise specified

E.4 Examiination, testing and preparation for shipment

E.4.1 Examination

E.4.1.1 Mdgterial examination

If radiographjc, ultrasonic, magnetic-particle or liquid-penetrant examination of welds, cast steel and wrpught

materials is gpecified by the purchaser, the criteria in E.4.1.2 through E.4.1.5 shall apply, unless other criteria

are specified by the purchasey. '‘€ast iron may be inspected in accordance with E.4.1.4 and E.4.1.5. Refer to

E.2.11.1.2.

E.4.1.2 Radiography

The method Bnd.acceptance criteria for radiography shall be in accordance with the pressure design codé.

E.4.1.3 Ultrasonic examination

The method and acceptance criteria for ultrasonic examination shall be in accordance with the pressure

design code.

E.4.1.4 Magnetic-particle examination

The method and acceptance criteria for magnetic-particle examination shall be in accordance with the
pressure design code.
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E.4.1.5 Liquid-penetrant examination

The method and acceptance criteria for liquid-penetrant examination shall be in accordance with the pressure
design code.

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 Tield assembly. All equipment shall be furnished completely assembled 1o ing maximum

bxtent, limited only by the requirements of shipping.

b) Puring assembly of the system and before testing, each component (includingscast-in passages of
these components) and all piping and appurtenances shall be cleaned to remoye foreigm materials,
corrosion products and mill scale.

c) [f specified by the purchaser, the hardness of parts and heat-affected zones shall be verifiefl by testing
hs being within the allowable values. The method, extent, documentation and witnessing of the testing
bhall be mutually agreed upon by the purchaser and the vendor.

E.4.2 Testing

E.4.21 General

If spgcified by the purchaser, the centrifugal fan equipment shall be tested; the minimum test fequirements
shall [pe as listed in E.4.2.2. Additional requirements for'a shop or field test shall be provided by the purchaser.
AMCA 210, AMCA 203, AMCA 802 and AMCA 803'may be used as the basis for testing.

Many fan manufacturers do not have the.capability to perform shop mechanical-run tests except on the
smaller units. The 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, the fan vendor shall submit to the purchaser, for his review
and pomment, detailed procedures for all running tests, including acceptance criteria for all monitored
parameters.

The fan vendor shall netifythe purchaser not less than five working days before the date the equipment will be
ready for testing. All€quipment required for specified tests shall be provided by the fan vendor.

Acceptance of~shiop tests does not constitute a waiver of requirements to meet field performpance, under
specified operating conditions, nor does the purchaser's inspection relieve the vendor of gany required
respgnsibilities.

E.4.2:2—Mechamnicat runming test
If other test details are not specified, the testing shall include the following as a minimum.

a) The fan shall be operated from 0 % to 115 % of design speed for turbine drives and at 100 % or rated
speed for single-speed drives. For fans with variable-speed drives, the fan rotor shall be subjected to an
overspeed test of at least 110 % of maximum continuous speed for 5 min. Operation at rated speed shall
be for an uninterrupted period of 2 h, with stabilized bearing temperatures, to check bearing performance
and vibration.

b) Following any overspeed test, each impellor shall be examined for cracks (using the liquid penetrant
method) and for deformation or other defects. After this examination, fan rotors shall be dynamically
rebalanced.
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c)

d)
Vibration

e)

measurements shall be recorded throughout the specified speed range.

satisfactory mechanical run test.

f)

Operation and function of fan instrumentation and controls shall be demonstrated to the extent practical.

The vendor shall maintain a record of all final tests, including vibration and bearing-oil temperature data.

Bearings shall be removed, inspected and, if required, reassembled in the fan after completion of a

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 flow rates for each bearing
housing shall be determined.

All bearings

E.4.2.3 Analysis of rotor response

If specified K
stand.

E.4.3 Prepparation for shipment

E.4.3.1 Equ
rotor if neces
months of o
vendor shall

E.4.3.2 Pre
accomplishe
specified by
E.5 Vends

E.5.1 Data
The following
a) copies o
b) utility req

c) netand

identificati

d) typical d

thall be pre-lubricated.

ipment shall be suitably prepared for the type of shipment specified, including blocking ¢
sary. If specified by the purchaser, the equipment shall be¢prepared so that it is suitable f
Litdoor storage from the time of shipment. If storage foria longer period is contemplated
provide recommended protection procedures.

pbaration for shipment shall be made after all testing- and inspection of the equipment has

1 and the equipment has been approved by thetpurchaser. The shipping preparations sh
he purchaser.

pr's data

required with proposals

data are required with the wendor'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, with

ion;

awifngs and literature to fully describe offering details;

y the purchaser, the rotor-response analysis defined in E.2.7.4 shall be confirmed on the¢ test

f the
DI SiX
, the

been
all be

item

e)

E.5.2 Data

E.5.2.1

with any limitations

preliminary performance curves as described in E.5.2.7.

required after contract

indicated thereon. The fan vendor shall provide, as a minimum, fan

The fan vendor shall provide complete performance curves to encompass the map of operations,

static

pressure/capacity and horsepower/capacity curves for 100 %, 80 %, 60 %, 40 % and 20 % damper position
settings; and fan static efficiency/capacity curves. If gas-temperature variations are specified, separate curves

shall be prov

E.5.2.2

ided for maximum, minimum and normal operating temperatures.

For variable-speed fan systems, the performance curves shall illustrate the degree of speed

control necessary to attain rated, normal and 50 % of normal flow rates. If additional turndown is specified, an
illustrative curve shall be provided.
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E.5.2.3 The curves for dampered and variable-speed systems shall contain a system-resistance 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 Fan static-efficiency-versus-speed curves for variable-speed fan systems (including fan and
drivers), within the vendor's scope of supply, shall be provided.

E.5.2.5 Unless otherwise specified, the fan vendor shall provide fan and drive moment of inertia. For each
motor-driven fan under full-voltage across-the-line starting conditions, the fan vendor shall provide

a) full load and starting currents,

b) aurves for motor speed versus torque, versus current and versus power factor,
c) fan and drive static and dynamic loads,
d) dllowable number of cold starts, hot restarts, or both, per hour, and any at-restperiod required,

e) durve of system acceleration time versus current,

f) recommended acceleration or deceleration rate for the variable-frequéncy controller for each|motor-driven
fan under controlled-frequency starting conditions,

g) preliminary outline and arrangement drawings and schematic'diagrams,

h) start-up, shutdown or operating restrictions recommended-to protect equipment,

i) are-parts recommendations, including drawings, part numbers and materials,

j) ligt of special tools included or required,

k) aft-seal details,

) rtified drawings, including outline ‘and arrangement drawings and schematic diagrams,
m) shaft coupling details,

n) data on cold-alignment(setting and expected thermal growth,

o) details of damper_linkages and control systems, including torque or power requirements,
p) mpleted as-built data sheets,

q) parts listsfor all equipment supplied,

r) imstruction manuals covering installation, final tests and checks, start-up, shutdown, operating limits and
recommended operating and maintenance procedures.
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Annex F
(normative)

Air preheat systems for fired process heaters

F.1 Scope

This annex specifies requirements and gives guidelines for the design, selection and evaluation of air preheat
(APH) systems applied to fired process heaters for general refinery and process industry service. Thecprimary
concepts coyered within this annex are the following:

a) applicatipn considerations (F.2);

b) design cpnsiderations (F.3);

c) selection guidelines (F.4);

d) safety, operations and maintenance considerations (F.5);
e) exchanggr-performance guidelines (F.6);

f) fan perfdrmance guidelines (F.7);

g) ductworl design and analysis (F.8);

h) major component design guidelines (F.9);

i) environmental impact (F.10);

i) preparing an enquiry (F.11);

k) flue gas few point (F.12).

Details of the fired-heater design are considered only where they interact with the air-preheat-system design.
The air prehpat concepts and systems ,discussed herein are those currently in common use in the inqustry

and it is not |ntended to imply that other concepts and systems are not acceptable or recommended. Mgny of
the individua| features dealt with in-this annex are applicable to any type of air preheat system.

F.2 General factors<in-selecting an air preheat system

F.2.1 Factors affecting system applications

F.2.1.1 General

It is necessary to consider a number of general factors in the application of an APH system. Those general
application factors are discussed in Clause F.2. Additionally, Clause F.3 and Clause F.4 provide design
considerations and selection guidelines, respectively, for APH systems.

An APH system is usually applied to a fired heater to increase the heater's efficiency, and the economics of air
preheating should be compared with other forms of flue gas heat recovery such as steam generation or
economizer coils in the convection section. APH systems become more profitable with increasing fuel costs,
with increasing process inlet temperature (i.e. higher stack flue gas temperature), and with increasing fired
duty. An APH-system economic analysis should account for the system's capital costs, operating costs,
maintenance costs, fuel savings and the value (if any) of increased capacity. In the case of a system retrofit,
the economic analysis should also include the cost of incremental heater downtime for the APH system
installation.

128 © 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

F.2.1.2 Operational considerations of APH systems

In addition to economics, an APH system's impact on a heater's operations and maintenance should also be
considered. Compared to a natural-draught system, an air preheat system may provide the following
operational advantages:

In some cases, an APH system can increase the fired-heater capacity or duty. For example,
heatgr's operation is limited by a large flame envelope or poor flame shape (flame-impingement
by inadequate draught (flue gas removal limitations), the addition of an air preheat system can
heatgr's capacity.

F.2.113 Additional factors for consideration for new or retrofit APH systems

In coptrast to the advantages noted in F.2.1.1 and F.2.1.2, heaters. retrofitted with APH systems f
the fgllowing operational considerations (compared with natural~draught heaters):

a)

b)

9)

In alljapplications, the use of an APH system increases both the heater's firebox temperatures an|
rate($). Because of the hotter radiant-section operating conditions, a thorough review of
mechanical’ and process design under APH operations should be performed on all retrofit appl
hottet_firebox temperatures can result in overheated tubes, tube supports, guides and/or unac

reduced fuel consumption and CO, emissions for a given process duty;
improved control of combustion air flow;

reduced oil-burner fouling and particulates;

better control of flame patterns;

more complete combustion of difficult fuels.

mcreased radiant-section operating temperatures (cail, process film, coil supports, refractory,

potential change in NO, production (new burnersymay mitigate increased NO, resulting from
témperatures);

mcreased risk of corrosion of flue=gas wetted components (APH exchanger and
pmponents);

Q

mcreased maintenance requirements for mechanical equipment;

mcreased potential for acid-mist stack plume (if fuel sulfur content is high);
potential change in-stack gas effluent velocity and dispersion;

cost of running_fans.

when a fired
on tubes) or
increase the

ypically have

etc.);

higher flame

downstream

d radiant flux
the heater's
cations. The

eptably high

process-film temperatures.

F.2.2 Types of APH systems

F.2.2.1 General

To fully define an APH system type, it is common to use both of the following classifications: fluid-flow design
and heat transfer scheme. There are several types of APH systems. The most common are defined below.
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F.2.2.2 System types classified by fluid-flow design
Based on the combustion air and flue gas flow through the system, the three APH system types are as follows.
a) Balanced-draught APH system

This is the most common type. It has both a forced-draught (FD) fan and an induced-draught (ID) fan.
The overall system is balanced because the combustion air charge, provided by the forced-draught fan, is
balanced by the flue gas removal of the induced-draught fan. In most applications, the FD fan is
controlled by a “duty controller’, which is reset by the heater's oxygen analyser, and the ID fan is
controlled by an arch-pressure controller.

b) Forced-draught APH system

This is g simpler system, having only an FD fan to provide the heater's combustion air requirements. All
flue gasgs are removed by stack draught. Because of the low draught generation capabilities of a |stack
containimg low temperature flue gases, it is necessary to keep the exchanger's flue, gas-side pregsure
drop very low, thus increasing the size and cost of the preheater (i.e. the APH exchahger).

c) Induced-draught APH system

The ID system has only an ID fan to remove flue gases from the heater ‘and maintain the appropriate
system fraught. Combustion air flow is induced by the sub-atmosphéric pressure of the heater. In this
system, [it is necessary to carefully design the preheater to minimize the combustion air-side prepsure
drop while providing the necessary heat transfer.
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F.2.2.3 System types classified by heat transfer scheme

Based on the preheater design, the three most common system types are as follows.

a) Direct APH systems

This is the most common type, using regenerative, recuperative or heat pipe preheaters (exchangers) to
transfer heat directly from the outgoing flue gas to the incoming combustion air. Refer to F.2.3 for an overview
of the most common direct-preheater types. Even though most direct systems are balanced-draught designs,
forced-draught and induced-draught systems can be used and have their own unique advantages and
disadvantages, as summarized in F.4. Figure F.1 illustrates a typical balanced-draught direct APH system.

7
| 7))

T‘_?Elﬁ/

separate stack (alternative)

Key
fifed heater
alr
APH

induced-draught fan

flle-gas
fi rr\nd-drmlghf fan

N o ok W N -
5

Figure F.1 — Balanced-draught APH system with direct exchanger
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b) Indirect APH systems

These are less common and use two gas/liquid exchangers and an intermediate working fluid to absorb heat
from the outgoing flue gas and then release the heat to the incoming combustion air. Thus, this APH system
requires a working fluid circulation loop to perform the task of a single direct exchanger. The vast majority of
indirect systems are forced-circulation (i.e. the fluid is circulated by pumps); a natural circulation, or
thermosiphon, flow can be established if the working fluid is partially vaporized in the hot exchanger.

A typical balanced-draught, indirect APH system is illustrated in Figure F.2.

Key

flue gas
induced-draught fan
fired heatgr
air
APH
forced-drdught fan
heat medium circulation pump
heat medit
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m

Figure F.2 — Balanced-draught APH system with indirect exchangers
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c) External heat source systems

These use an external heat source (e.g. low-pressure steam) to heat the combustion air without cooling the
flue gas. This type of system is usually used to temper very cold combustion air, thus minimizing cold-end
corrosion in downstream gas/air exchangers. A typical forced-draught, external-heat-source APH system is
illustrated in Figure F.3.

1 A
|—,.#
3
4
Key
1 fifed heater
2 ar
3 APH
4  fqrced-draught fan
5 pfocess or utility stream

Figure F.3 — Forced-draught APH system with external-heat-source exchangel

F.2.3 Descriptions. 6f the most common APH exchangers

F.2.311 Direct'APHs

F.2.311.1, {URegenerative APHs

A reknnorafi\/m APH contains a matrix of metal or rmfrar\fnry clements that transfer heat from thg hot flue gas

stream to the cold combustion air stream. For fired process heater applications, the commonly used
regenerative APH has the heat absorbing elements housed in a rotating wheel. The elements are alternately
heated in the outgoing flue gas and cooled in the incoming combustion air.

F.2.3.1.2 Recuperative APHs

This is the most common type of APH. A recuperative APH has separate passages for the flue gas and the air,
and heat flows from the hot flue gas stream, through the preheater-passage wall and into the cold combustion
air stream. The configuration is typically in the form of a tubular or plate heat exchanger in which the passages
are formed by tubes, plates or a combination of tubes and plates, assembled together in a casing.
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F.2.3.1.3 Heat-pipe APHs

A heat-pipe APH consists of a number of sealed pipes containing a heat transfer fluid, which vaporizes in the
hot ends of the tubes (in the flue gas stream) and condenses in the cold ends of the tubes (in the air stream),
thus transferring heat from the hot flue gas stream to the cold combustion air stream.

F.2.3.2 External-heat-source APHs

External-heat-source preheaters (exchangers) use a flow of utility or process fluid to heat incoming
combustion air. The common steam-condensing preheat exchanger has a small-diameter, multiple-pass,
vertical-finned tube coil configured to complement the surrounding air ducting.

F.3 Design considerations

F.3.1 Process design

F.3.1.1 General

d the
sign.

In order to p
process effe
The primary

operly design a fired heater that incorporates an APH system, it is-hecessary to understan
Cts that an APH system imposes on the heater and account fordhese within the heater's de
variable interactions are as follows.

a) Firebox femperatures increase with increasing combustion air temperatures and reduced excess air.

b) Radiant guty, flux rates and coil temperatures increase with.increasing combustion air temperatures.

c) Radiant fefractory and coil-support temperatures increase with increasing combustion air temperatures.

d) Radiant-process film temperatures increase with increasing combustion air temperatures and flux ratgs.

e) Convecti

f)

)]

pn duty, flux rates and coil temperatures decrease with reduced flue-gas flow rates.
Convectipn-process film temperatures.decrease with reduced flue-gas flow rates.

Flue gas|mass flows decrease with_increasing combustion air temperatures.

In summary,
and decreas
should be @
quantification
achieve des

compared to a conventional heater, a heater retrofitted with an APH will increase the radian
b the convectiop.duty in the heater. This duty shift between the radiant and convection se
uantified (i.e~modelled) in order to properly design both heater sections. It is the p

gn dutySwithout exceeding its allowable average radiant-heat flux and all directly rg

duty
tions
roper

of the noted-duty shifts and proper adjustment in radiant surface area that enable a heater to

lated

parameters quring.APH operations.

F.3.1.2 APH system retrofits

Because of the variable relationships noted in F.3.1.1 [especially F.3.1.1 a) through F.3.1.1 d)], most
APH-system retrofits should include a process design review to ascertain the heater's new operating
conditions and any constraints of the existing components. During this process design review, the design
excess-air and radiation-loss values should be reviewed (see F.3.2.2) to account for the affects of the APH
system. Such a process design review typically produces new data sheets that document the heater's
operating conditions with the APH system in operation.

Additional factors that should be considered when retrofitting an APH:

a) An increase in combustion air temperature will increase NO, emissions; it could be necessary to limit or
control the combustion air temperature to achieve acceptable NO, emissions;
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b) An increase in combustion air temperature will increase radiant coil-flux rates; it could be necessary to
limit or control the combustion air temperature to achieve acceptable radiant average/peak flux rates,
radiant coil temperatures and/or process-film temperatures;

c) An increase in combustion air temperature will raise tube-support and/or guide temperatures; it could be
necessary to limit the combustion air temperature to reduce the tube-support and/or guide temperatures.

In some retrofit applications, the above constraints can be mitigated by adding convection section surface
area to increase the convection section duty.

F.3.2 Combustion design

F.3.2l11 Burner selection

In geheral, the application of an APH system to a fired heater does not alter the burnerperformance selection
criterja. Application of an APH system does, however, elevate the operating temperatures of the burner, and it
is negcessary to meet the burner's performance criteria at these higher operating temperatures. Thus, a
succegssful combustion design considers the following:

a) Bburner performance during APH operations (e.g. heat release, flue gas‘emissions, noise emigsions, etc.);
b) Bburner performance during “natural-draught” operations, if required;

c) means to achieve equal and uniform air flow to each burner.under all operating conditions;
since the application of an APH typically requires FD>fans, for new furnace designs, the [use of high-
pressure-drop FD burners may be considered. This{generally leads to fewer burners and jan improved
distribution of combustion air over the burners._This feature may eliminate the possibility|of operating
W

ithout FD fans at full duty.

For athorough review of burner technology and:selection criteria, refer to API RP 535.
F.3.212 Design excess air

F.3.212.1 General

An inpportant considerationin, maximizing a fired heater's efficiency is the consistent control of combustion air
flow fates such that desigR-excess-air (or excess-oxygen) levels are maintained, while sustainjng complete
combhustion, stable and well-defined flames and stable heater operation. Because of the improved combustion
air flow control provided by a forced-draught fan and its supporting instrumentation, forced- and balanced-
draught APH systéms are able to consistently operate at excess-air levels lower than natural-drapight systems.

Howegver, care.'should be exercised to maintain sufficient excess air flow through the burners o avoid sub-
stoichiometric combustion in heaters with significant Ieakage air ingress The flue gas O, |evels at the

0,) from the arch/bridgewall measured excess percentage 02 As a pornt of reference most seal-welded (i.e.
airtight) fired heaters with airtight observation doors have less than a 1,0 % increase in O, from the arch to the
floor.

F.3.2.2.2 and F.3.2.2.3 are typical design excess air levels for general-service “airtight” fired heaters. Where
the heater design and/or user experience dictates, it is appropriate to design the system to operate at different
excess air levels.
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Burners up to 100 mm (4 in) H,O pressure drop

Typical excess air levels are the following:

a) fuel-gas fired, natural-draught operation
b) fuel-gas f
c) fuel-oil fired, natural-draught operation

d) fuel-oil fired, forced-/balanced-draught operation

F.3.2.2.3 ILurners above 100 mm (4 in) H,O pressure drop

Typical exce
a) fuel-gas

b) fuel-oil fi

F.3.2.3 Post-combustion NO,-reduction considerations

Each post-c
maximum N
system types

Flue-gas ten
downstream

to bypass th¢ upstream and/or downstream exchangers to.achieve the desired flue gas temperatures. T

features pro
NO,-reductio

F.3.3 Drau

For operatin

15 %—20 %;
ired, forced-/balanced-draught operation 10 %—15 %;
20 %—25 %;

15 %—20 %.

5s air levels are the following:
fired, forced-/balanced-draught operation 10 %;

ed, forced-/balanced-draught operation 15 %.

pbmbustion NO,-reduction system will have its own desigh“temperature window that
D, reduction. An advantage of induced-draught and balanced-draught APH systems is that
can be designed to facilitate the control of flue gas temperatures.

of the SCR reactor. The temperature-control loeps enable a fraction of the total flue gas sf

ide operating flexibility during transient operations. For further guidelines on post-combt
h systems, refer to APl RP 536.

ight generation for alternative operations

j and safety reasons, sometalternative means of providing heater draught is usually pro

ields
hese

perature control is typically achieved by temperattite-control loops on preheaters upstreanp and

ream
hese
stion

vided

upon loss of pperation of the fans or the ‘APH. Examples of these methods are the following:

a) Natural-draught capability
Natural-@iraught capabilityycan be provided for most APH applications; therefore, most fired heaterg with
APH systems do have-some (reduced) level of natural-draught capability. Natural-draught capability is
achieved with a sufficiently sized stack and a system of dampers or air doors that enable the stdck to
induce a draught through the heater while isolating the idled APH system from the operating he¢ater.
Dampers or guillotines should be used to isolate the APH system from the heater during natural-draught
operatiops-

b) Spare fan assemblies

Another common practice used to keep a heater on-stream in the event of a mechanical fan failure is the
provision of spare fan assemblies or spare fan drivers, with “on-line” switching capability. The choice of
whether to back up either the FD fan or the ID fan, or both, depends upon the user's experience and
equipment failure probability. An alternative is to have two fans running at 60 % which avoids startup time
in the event of a single fan failure.

F.3.4 Refractory design and setting losses

The addition of ducts, fans and an APH significantly increases the surface area from which heat losses occur.
The heat losses through these surfaces should be modelled to confirm that the combined heater and APH-

136

© 1SO 2012 - All rights reserved


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

system setting losses are within acceptable limits. To reflect the additional heat losses of the APH system, it is

common practice to increase the heater's setting losses by up to 1 % of design heat release.
balanced-draught APH systems and a design basis of an 82 °C (180 °F) casing with 27 °C (80 °F
(0 mph) ambient conditions typically yield slightly less than 2,5 % total setting losses. External in
be applied on the hot-air ducts.

Because most ducts have design velocities in excess of ceramic fibre's maximum-use veloci

Heaters with
) and 0 km/h
sulation may

ty, the most

common duct refractory is low-density insulating castable. If needed, refractory mass savings can be realized

through the use of ceramic fibre. However, ceramic fibre can require a means of protection in
high velocity can compromise the integrity of the layer.

F.3.5[1

General

F.3.511.1 In most applications, the primary emphasis of cold-end temperature gontrol is to
temperature of all flue-gas wetted surfaces above the flue-gas acid dew-paint* (FGADP)
Mainfaining an exchanger's cold-end surface temperatures above the FGADP“temperature
harmful effects of acid dew-point corrosion and minimize the unwanted- deposition of acid
condensation and particulate matter on wet surfaces that impede the performahce of the exchang

The initial dew-point constraint for the vast majority ofs APH applications is the
4) dew-point temperature; fuel gas sulfur concentrations-of)5 ppm to 5000 ppm typid

consfrained by the carbonic acid (H,CO3;) dew point, which is also called the water dew point ar
reported in the 57 °C to 60 °C (135 °F to 140-°F) range at typical excess air concentrations. If cq
temperatures were allowed to drop below-the carbonic acid dew-point temperature, it would b
expefience the nitric acid (HNO3), the hydrochloric acid (HCI), and/or the hydrobromic acid (HB
(depending upon the fuel compositidn), in addition to the carbonic acid dew point.

F.3.5
acid,
a rea
inforr
sulfu

1.4 It should be noted that the vast majority of applications will not be constrained by
nitric acid, hydrochloriC acid, and hydrobromic acid dew points. Nevertheless, in the interes
sonably thorough .6verview of all the potential constraints, the following introduction pn

ous acid, nitric'acid, hydrochloric acid, and hydrobromic acids.

F.3.5
abov

1.5 Indaddition to avoiding dew-point corrosion, maintaining an APH's cold-end surface
b the. KGADP temperature will also provide the benefit of minimizing the unwanted

suspendedyparticulate matter on wet surfaces within the APH. The suspended particulate
agglgmeration of materials; dust, ceramic fibres, combustion byproducts, etc. In applications
gas C i ftai i ;

ducts where

maintain the
temperature.
ill avoid the
c salts from
er.

sulfuric acid
ally produce
al excess air
v the sulfuric
cid (HzCOg),
d (HBr) dew

are initially
d is typically
Id-end metal
b possible to
) dew points

he sulfurous
t of providing
pvides basic

hation relating to~all potential constraints, including the dew points of sulfuric acid, ca@rbonic acid,

emperatures
eposition of
atter is an
ere the flue
suspended

particulate matter entrained in the flue gas stream will pass through the exchanger and be exhausted in the
flue gas stream. However, in applications where the APH surfaces experience the dew point, a small fraction

of the suspended particulate matter will deposit on the wet surfaces. The acid wetted surfac

magnet” for suspended particulates, and over time, the build-up of suspended particulates wil

APH's heat transfer capabilities and increase its flue-gas side pressure drop.

F.3.5.2 Flue-gas acid dew-point temperature

es “act as a
| reduce the

The acid dew-point temperature of a flue gas is the temperature of incipient condensation/formation of liquid
acid. In other words, the acid dew point is realized when a gaseous acid in a flue gas stream starts to

condense or form into a liquid acid. As with any phase equilibrium problem, the dew-point tem
function of the pressure and the composition of the flue gas stream.
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Following is a brief overview of each fuel constituent's primary products of combustion, and the relationship of
the FGADP temperature to said products of combustion:

a) Cyields CO & CO,; the H,CO3; FGADP temperature increases as the CO, concentration increases;
b) H, yields H,O; all FGADP temperatures increase as the H,O concentration increases;
c) 0O,yields H,O & O,; all FGADP temperatures increase as the H,O concentration increases;

NOTE The conversion of SO, to SOz will also increase as the O, concentration of the flue gas increases.

g
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e) S yields[SO, & SOg3; the H,SO, FGADP temperature increases as the SO3; concentration inctease$ and
the H,S®; FGADP temperature increases as the SO, concentration increases;

NOTE Aflmoderate temperatures, SO3 quickly reacts with H2O to form sulfuric acid (H2SO4) vapour.
f) Clyields|Cl, & HCI; the HCI FGADP temperature increases as the HCI concentration increases;

g) Bryields|Br, & HBr; the HBr FGADP temperature increases as HBr concentration increases.

F.3.5.3 Ce:[culation of flue-gas acid dew-point temperature

The calculafjon of FGADP temperatures is a multi-variable reaction- equilibrium problem that is ngither
elementary rfor precise. Following is an overview of the FGADP temperature calculation procedure:

a) Establish the system's fuel gas and/or fuel oil composition, including all sulfur, nitrogen, broming¢ and
chlorine|jcompounds. The following notes may be helpfufin the assessment of fuel compositions:

1) ASTM D 5504 provides a good standard practice for determining sulfur levels in fuel gas streams;
2) mogt refinery fuel gas streams contain-seme sulfur compounds (typically <100 mg/kg) that charjge in
composition and concentration over time;

NOTE In] order to accurately forecast(the sulfuric acid (H2SO4) dew-point temperature, fuel gas analyses| must
measure and frecord the concentrations af all sulfur bearing compounds, not just the H2S concentration (as is oftén the
standard pracfice).

3) mosgt commercial natural gas streams contain small concentrations (typically <100 ppm) of sulfur
conjpounds as odgrants, as a safety measure, so that significant leaks can be detected by smell;

4) to illustrate the ‘potential complexity of a gas stream and its corresponding combustion reactions,
follgwing are:some of the more common sulfur compounds found in natural gas (in addition to HS):

i) [tétrahydrothiophene;

i) tertiary butyl mercaptan;
i) dimethyl sulfide;

iv) methyl mercaptan;

v) ethyl mercaptan;

vi) isopropyl mercaptan;

vii) normal propyl mercaptan;

viii) elemental sulfur;
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5) all fuel oils contain sulfur compounds, which change with respect to time, specification, and sources;

6) industry standards ASTM D 975, ASTM D 2880, and ASTM D 396 provide standard requirements
(including sulfur concentrations) for diesel fuels, gas turbine fuel oils and industrial fuel oils.

b) Establish the excess air concentration at the APH's cold end, where dew-point corrosion would initially
occur.

NOTE 1 It is not uncommon for the oxygen content of a flue gas stream to increase slightly after leaving the radiant
cell(s) because one or more of these common air infiltration sources are not gas-tight: convection section header boxes,
slip joints, expansion joints, APH, etc.

NOTB 2  The best location to measure the excess air concentration for FGADP temperature calculations |is immediately
downstream of the APH; measurements upstream of the exchanger will not include, or account for, any aif |leakage within
the ejxchanger itself, which can have a significant impact on the oxygen concentration and (the) resplting FGADP
temperature.

c) alculate all of the products of combustion (i.e. “rigorously combust” all elemental species pof the fuel at
e appropriate excess air concentration to obtain the primary products of combustion, O,, N,, CO,, H,0,
0., and SO,, plus the CO, UHC, VOC, SPM, Cl,, HCI, Br,, and/or HBr concentrations wher| appropriate).

NOT UHC, VOC and SPM are abbreviations for Unburned Hydrocarbens, Volatile Organic Compounds and
Suspénded Particulate Matter.

d) Assume that all NO, and SO, are initially combusted into the forms of NO, and SO,, respectively, and
alculate the partial pressures of O,, H,O, NO, and SO,, plus HCI, and HBr compounds as appropriate.

e) alculate the conversion of SO, to SO; (typical conversion rates are 2 % to 8 %), and the partial pressure
f SO;.

NOT SO, to SO3 conversion rates are a function“\of the flue gas oxygen content, the catalytic effetts of catalytic
comppunds within the flue gas, and the catalytic effects of certain high-temperature metallic surfaces within the heater and
APH gystem.

f) alculate the FGADP temperaturefor-sulfuric acid (H,SO,), plus the FGADP temperatureq for carbonic
cid (H,COs3), sulfurous acid (H,SO3), nitric acid (HNO3), hydrochloric (HCI) and/or hydropromic (HBr)
cid, as appropriate.

Reference the sources in the)Bibliography for supplemental information on the calculation of FGADP
Temperatures. It should be(npted that it is not uncommon to obtain moderate variances in calculated FGADP
Temieratures between many of the published correlations; 10 °C (18 °F) or more can be expectgd. Thus, the
relatiyely imprecise nature of the published FGADP temperature correlations should be factgpred into the
selegdtion of a cold-end’minimum metal temperature set point.

F.3.514 Measurement of flue-gas acid dew-point temperature

In coptrast to the above method, which will calculate the FGADP temperature(s) for a known fue| composition
and ¢ombustion conditions, the FGADP temperature can also be directly measured with an insfrument. The
ideal location for a FGADP temperature instrument would be in the cold flue gas ducting immediately
downstream of the APH, wherever instrument accessibility is acceptable.

For “low sulfur” applications (i.e. fuel sulfur less than 50 ppm), directly measuring the FGADP temperature will
typically yield more accurate results than the previously mentioned calculation method, where the sulfuric acid
(H,SO,4) FGADP temperature correlations have proven to be somewhat inconsistent. For fuels with sulfur
concentrations in excess of 50 ppm, both methods typically provide reasonably accurate results.

F.3.5.5 lllustrations of sulfuric acid FGADP temperature

Figure F.4 is provided to illustrate the general relationship between the sulfuric acid (H,SO,) FGADP
temperature and the concentration of sulfur in a fuel gas. Similarly, Figure F.5 illustrates the general
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relationship of the sulfuric acid (H,SO,) FGADP temperature and the concentration of sulfur in a fuel oil.
These figures are not intended to be used for design or operating constraint purposes.

Y1 Y2
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X fuel gas syilfur [reported as H2S, volume % (1,5 % conversion of SO2 to SO3)]
Y1 flue gas stilfuric acid dew point, °C

Y2 flue gas sjilfuric acid dew point, °F
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2 Totham

Figure F.4 — General relationship between the sulfuric acid
(H.S0O,) FGADP temperature and the concentration of sulfur in a fuel gas
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Figure F.5 — General relationship of sulfuric acid (H,SO,)
FGADP Temperature and the concentration of sulfur in a fuel oil

6 Authoritative design guidelines

n guidelines for sulfuric acid-(H,SO,) FGADP corrosion avoidance is not recommendeq
ritative source for application-specific guidance. Similarly, design guidance for the FGADP)
bnships of carbonic acid“\(H,COj3), nitric acid (HNO3), hydrochloric acid (HCIl) and/or hydr
, as appropriate, should.also be obtained from an authoritative source.

onfiguration of the-APH's adjoining ducting can alter, or shift, a recuperative exchanger's “cq
vould be most.susceptible to FGADP corrosion. In unusual and/or thermally demanding
rming eitherya CFD (computational fluid dynamics) or cold-flow model of the APH and
g is recommended in order to locate the “coldest region” of the exchanger (i.e. the best
oringsthermocouples) and to resolve or minimize any flow mal-distribution issues. Addit
to/Obtain the most accurate exchanger model possible, it is recommended that the velocity

d figures as
; consult an
temperature
bbromic acid

Idest region”
applications,
its adjoining
locations for
onally, in an
profile of the

FDF

an(s) discharge stream be incorporated into the model's basis.

For recommendations on design temperature allowances (the difference between the design minimum metal
temperature of the exchanger and the design FGADP temperature), refer to F.6.2. Please note that larger
temperature allowances will yield higher design minimum metal temperatures and/or reduced exchanger duty

(i.e.r

educed thermal efficiency).

Conversely, smaller or “zero” temperature allowances will yield lower cold-end temperatures and higher
thermal efficiencies, which inevitably increase the risks of corrosion. Thermally aggressive APH systems (i.e.
those with metal temperatures at or below the FGADP temperatures) should mitigate such risks via the
adoption of one or more of the methodologies set forth in F.6.2.

©I1SO

2012 — All rights reserved

141


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

F.3.5.7 Effects of operations

The heater's operating conditions will alter the APH operating temperatures, as follows:

a) lower firing rate; will yield a lower flue gas temperature at the APH and will move the cold-end
temperatures closer to the FGADP temperature;

b) lower excess air level; will also yield a lower flue gas temperature at the APH and will move the cold-end
temperatures closer to the FGADP temperature;

c) lower ambient air temperature; will move the cold-end temperatures closer to the FGADP temperature.

The primary |effect of the above changes is to reduce the exchanger's operating temperatures, thus_m
the cold-end|surfaces closer to, at, or below the FGADP temperature. The typical APH system design s
make provisipns for all operating cases (including turndown cases). In order to achieve the design life

APH, it is i

portant for it to maintain the preheater's cold-end temperatures above the EGADP unde

possible operating condition. It should be recognized that if the control of cold-end temperatures result

flue gas di
corrosion avi

F.358 Ty

Three metho
systems ha
F.3.5.8.3. A

harge temperature that is higher than the design discharge temperature, such dew
idance is achieved at the expense of system efficiency.

pical methods of cold-end temperature control

ds of cold-end metal temperature control for regenerative, recuperative, and heat pipe air pr
e widespread commercial application at this time, and. are presented in F.3.5.8.1 th
ourth method, reheat of fluid inlet temperature, is only @pplicable to indirect air preheat sys

and is covergd in F.3.5.8.4.

F.3.5.8.1 ¢
The simplest
air stream s
temperature.
coefficients,
moderate te

Cold air bypass

type of cold-end temperature control is theycold air bypass, in which a portion of the comby
bypassed around the APH to maintain*the cold-end metal temperatures above the F(Q
The reduction of combustion air flow through the APH results in lower air-side heat trg

pving
hould
f the
I any
5 in a
point

heat
ough
tems

stion
SADP
nsfer

which yield hotter outlet flue gas temperatures and hotter cold-end surface temperaturgs. In

mperature climates where the_ambient temperature never drops below freezing, this m

allows the cold-end surface temperaturestio' be maintained above the dew point, as necessary, while

conditions ch

ange.

This corrosipn avoidance method\is less capable than either external preheating or hot air recircu

methods beg

ause of the following system characteristics:

a) the air-sjde heat transfer’coefficient is not directly proportional to mass flow; for example, a 50 % d
air flow yields only-a39 % reduction in the air-side coefficient;
b) low ambient airtemperatures increase the cold-end temperature differential; as the ambient temper3

decreas

b the. cold-end temperature differential increases and heat transfer increases proportionally

bthod
other

ation

op in

tures
(thus

reducing

the benefit of cold air hypaccing)

Because of this method's inherent limitations, cold air bypass systems are often used in conjunction with one
or more of the following more capable methods: external preheating and/or hot air recirculation. Both of the
following methods increase the temperature of the combustion air flowing into the APH, thereby reducing the
effect of thermal shock on the APH caused by low ambient air temperature.
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F.3.5.8.2 External preheat of cold air

In this method, the desired cold-end metal temperature is maintained by preheating the combustion air before
it enters the APH with low-pressure steam or some other source of low-level heat. In the design of the external

heat source preheater, consideration should be given to:

providing adequate surface area to heat the design combustion air flow rate, including any appropriate

concentration of snow and/or sleet, from the application's minimum ambient temperature to at least the

range of 5 °C to 10 °C (40 °F to 50 °F);

the prevention of fouling and plugging of the unit with atmospheric dust (including pollen and

pollutants);

e prevention of fouling and plugging of the unit with snow, sleet and/or freezing rain during
perations;

inimizing corrosion, air pocketing, condensate build-up and drainage problems.

This
does

method does reduce the thermal shock on the exchanger caused by low-temperature am
provide improved cold-end temperature control capability in comparison tothe cold air bypa

F.3.5/8.3 Hot air recirculation
This
point
temp
requi
rates

upstream of the APH to obtain a hotter mixed-air temperatdre and maintain the APH's cd

e the purchase and operation of a moderately larger FD fan to accommodate the larger va

required to support this method. Systems that regycle heated air directly to the APH wi
purchase and cold-weather operation of a booster fan\(that operates in parallel to the FD fan) {
heatgd air to the exchanger's air inlet. This method provides improved cold-end temperature con
in comparison to the cold air bypass method.

F.3.5(8.4 Working fluid temperature control

In th¢ circulating fluid or indirect APH ‘systems, the exchanger cold-end temperatures can be
contrplling the inlet temperature of_the heat transfer fluid. Depending on the system design and
the working fluid temperature can be increased either by bypassing a portion of the fluid around tf
(air heating coil) or by decreasing the working fluid flow rate.

F.3.58.5 Comparison of temperature monitoring strategies

The following two temperature monitoring strategies are in widespread use.

a) lue gas\temperature measurement; many APH systems monitor and control the APH's o
mperature. There are advantages and disadvantages of monitoring and controlling the o
mperature are as follows:

cold-weather

bient air, and
5Ss method.

type of cold-end temperature control recycles a fraction of the)heated combustion air str¢am to some

Id-end metal

bratures above the FGADP Temperature. Systems that.recycle heated air to the FD fap suction will

lumetric flow
| require the
D recycle the
rol capability

regulated by
onfiguration,
e exchanger

itlet flue gas
itlet flue gas

1)

Advantages:

simple measurement technique.

2) Disadvantages:

temperatures are inferred for all cases from a single design case;

does not factor in ambient air temperature changes (unless a relationship between
ambient temperature for acid dew point is established).

© 1SO 2012 - All rights reserved

does not provide a direct measurement of cold-end metal temperatures, as cold-end metal

conservative temperature allowance should be used, resulting in less efficient operation;

flue gas and
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b) Cold-end temperature measurement; some APH systems monitor and control the APH's cold-end metal
temperature.
1) Advantages:
— simple measurement technique;
— more accurate cold-end metal temperatures, which yield lower risks of corrosion without
sacrificing efficiency.
2) Disadvantages:
— | coldest area of the exchanger's cold-end has to be identified for thermocouple placement;
— |failure of a thermocouple weld will result in an erroneous reading which will .be” difficplt to
recognize and could result in operation at or below the FGADP temperature.
Both of the above strategies should be coupled with the FGADP temperature calculation methodolqgy of
3.5.3 or the FGADP temperature measurement methodology of 3.5.4 to obtain_ an_interactive system that
regularly calculates or measures the FGADP temperature and uses said, infermation to continuously
adjust the APH system's operations and maintain all cold-end metal surfaces above the FGADP
temperature.
F.3.6 APH|mechanical design
F.3.6.1 Regenerative APH
Regenerativg APHs operate at lower metal temperatures thansmost other types of APHs. Therefore, they may
use combingtions of carbon-steel, low-alloy-steel and corrosion-resistant enamelled-steel construction| The
manufacturef should be consulted for the appropriate material of construction based on the cold-end
temperature.
F.3.6.2 Regcuperative APHs
Recuperativg APHs are commercially available with carbon-steel, cast-iron, enamelled-steel, alloyed Eteel,

and glass el
side of the c¢

Units equipp
but it is nec
washing with

particularly dluring cléaning operations, should be considered in the selection of such materials.

exchanger m
temperatures

F.3.6.3

Id-end elements to increase the metal temperatures.

ed with enamelled-steel or glass elements accommodate moderate acid condensation and f¢
bessary to consider the requirements for the removal of deposits by sootblowing and/or
out adversely‘affecting downstream equipment. Additionally, the risk of breaking glass elen

anufacturer should be consulted for recommended water-wash temperatures, minimum col
and materials of construction.

ements. The finning normally provided in the cast-iron construction may be modified on the air

uling,
water
ents,
The
i-end

Indirect systems

As illustrated by Figure F.2, indirect APH systems employ both a hot exchanger (flue gas/fluid) and a cold
exchanger (fluid/air) to transfer energy from the flue gas stream to the combustion air stream. The hot
exchanger coils are generally similar in construction to, and located within, the fired-heater convection section.
Consequently, the mechanical design of the hot exchanger usually complies with this International Standard.
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F.4 Selection guidelines

F.4.1 General

The following factors should be considered in the determination of the most appropriate APH system design
and its selection:

a) the heater's natural-draught operating requirements;

b) the fuel type and qualities and corresponding cleaning requirements and the type of refractory in flue gas
ductwork;

c) the available plot area;

d) e APH system's design flue gas temperatures;

e) e ability to meet required turndown conditions based on the ambient temperature range;

f) e ability to clean the preheater (i.e. APH exchanger) with minimal impact-on the heater's operations;

g) e ability to service the APH system with minimal impact on the heater's operations;

h) e negative effects of air leakage into the flue gas stream: corrosion of downstreanm) equipment,
increased hydraulic-power consumption and reduced combustion air flow (which can cause 4 reduction in

e heater's firing rate);

i) ihcreased radiant heat flux rates

j) e potential for, and the methods available to;minimize, cold-end corrosion;

k) e system's controls requirements and degree of automation;

) e negative effects of heat-transfer-fluid leakage;

m) the effect of burner type (forcédwersus natural draught);

n) e feasibility of enlarging the APH system capacity to handle future increases in process requirements;

0) e presence of SER.before APH.

Balanced- draught systems W|th grade mounted fans and an mdependent exchanger structure, require the
largestT f heater, this
system Iayout prowdes the greatest operatlng erX|b|I|ty and maintenance flexibility.

Forced-draught systems, with a grade-mounted fan and an integral exchanger, require significantly less plot
area than a balanced-draught system. Because the exchanger is located above the convection section,
however, this system type does not permit the exchanger to be serviced while the heater is in operation.

Induced-draught systems, with a grade-mounted fan and an independent exchanger structure, require slightly

less plot area than the balanced-draught system. However, because of the ability to isolate the exchanger and
fan from the heater, this system layout provides operating and maintenance flexibility.
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Common practices to reduce the plot area include the following:

a) locating the exchanger above the heater's convection section;
b) locating exchanger terminals such that duct connections are vertically oriented;

c) locating the induced-draught fan beneath the preheater or cold flue gas duct.

F.4.3 Maintainability

APHs that require repeated Water washlng, regular maintenance or S|m|Iar ‘off- Ilne malntenance should be
Iocated indep nd ntl don't neatively

applications nium
sulfate/ammeonium bisulfate. Refer to API RP 536 for additional information regarding the formatior] and
control of ammonium sulfate/ammonium bisulfate compounds. All such systems that requirefregular off-line
maintenancel should have adequate means of positively isolating the preheater from the\heater, sq that
maintenance personnel can perform their work in a safe environment.

APHs that dpo not require repeated or regular “off-line” maintenance may be located either integral tp the
heater or independent of the heater. Thus, applications firing clean fuel gas may“loecate the APH exchanger
above the convection section with minimal negative consequences.

F.4.4 Foul|ng and cleanability

APH systems on fuel-oil-fired heaters should use exchanger designs that can be soot-blown on-lipe or
water-washe[ off-line. Most recuperative, regenerative and tubular, indirect exchangers can be designed to
permit on-ling sootblowing. Similarly, most recuperative exchangers can be designed to facilitate cleaning via
off-line warmrwater washing.

F.4.5 Natuyal-draught capability

Most heaterq require some degree of natural-draught operation, usually from 75 % to 100 % of design djty. If
natural-draught operating capability is required; the system shall have low-draught-loss burnerg, an
independently located APH exchanger and the appropriate ducts and dampers to bypass the APH exchgnger,
and shall prpvide adequate combustion aif~and a stack capable of maintaining a draught of 2,5 mnm H,O
(0,10 in H,O) at the arch during natural-draught operation. An alternative to low-draught-loss burners|is to
apply high-pfessure-drop burners, whereby it is accepted that the furnace can only be operated in fdrced-
draught modg; however, it can be necessary to bypass the APH system and ID fan.

The noted low-draught-loss bufners are sized to operate satisfactorily on the draught generated by the jstack
and heater proper, just likeyany other natural-draught application. An independently located exchanger is one
that is locat¢d independently of the heater structure, preferably at grade, so that a system of duct§ and
dampers car] bypass.the air and flue gas streams around the exchanger during natural-draught operation|

F.4.6 Effegts of air leakage into the flue gas

Air leakage into the lower-pressure flue gas stream is a potential problem with most preheater (APH
exchanger) designs. Although most exchanger designs provide design leakage rates of less than 1,0 %, some
regenerative exchangers have a design leakage rate of approximately 10 %. Furthermore, leakage rates in
excess of 40 % are possible with poorly maintained regenerative exchangers.

Especially for systems applying regenerative exchangers, it is necessary to account for the design leakage
rate in the design of the system. The three most significant effects of this air-to-flue-gas leakage are the
following.

a) The resultant cooling of the “cold” flue gas from air leakage should be monitored, and controlled as
necessary, to avoid corrosion downstream of the APH exchanger.
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It is necessary to account for the decrease in combustion air flow to the burners, which can require or
justify the upsizing of the forced-draught fan to maintain sufficient air flow to the burners.

It is necessary to account for the increase in flue gas flow from the exchanger, which can req
the upsizing of the induced-draught fan to maintain the target draught at the arch.

F.4.7 Maximum exposure temperature

uire or justify

The exchanger manufacturer should provide the exchanger's maximum operating temperature limits. The
limits are generally set by metallurgical and/or thermal expansion considerations.

F.4.8 Acid-condensate corrosion

Whemnever the temperature of flue-gas-wetted exchanger surfaces drops below the” ac
tempprature, acids condense on such surfaces causing cold-end corrosion. Cold-énd corro
produces several undesirable effects: deposition of corrosion products/rust on heat, transfer su
equigment damage, increased air leakage into the flue gas stream, decreased flow of combust

burn

minimize cold-end corrosion.

If the|techniques in F.3.5 are not practical, the following practices are recommended.

F.4.9 Increasing APH system capacity.

If an

optiohs should be considered:

rs, an increase in pressure drop and a reduction in heat recovery. The~techniques descr

The design should maintain the bulk cold flue gas temperatur® above the dew point.
Appropriate corrosion-resistant materials should be used<in’the heat-exchanger cold end.
A\ low-point drain should be provided to permit removal of the corrosive condensate.

A\ replaceable cold end section should be used:

increase in the fired-heater capacity or a fuel change is anticipated in the future, the foll

Use of a preheater excharngerthat has the potential to be upgraded for future operations;
Use of variable-speed-drivers on the fans to accommodate the changes in flow and pressure;
use of a fan with.operating curves that satisfy all operating cases;

design of{he'system (e.g. ducts and dampers) for both current and future requirements.

d dew-point
sion  typically
faces, costly
on air to the
bed in F.3.5

bwing design

© 1SO 2012 - All rights reserved

147


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

F.4.10 Comparison of APH system designs

Table F.1 summarizes the inherent strengths and weaknesses of the most common APH systems.

Table F.1 — Comparison of various APH systems

Type of APH system

Characteristic Regenerative Recuperative Heat pipe Indirect EHS?
IDP BDC FDd ID BD FD ID BD FD BD FD

Plot area © m | S m | S m I s I S
Exchanger logation f sep sep int sep sep int sep sep m;:rr)w sep Sep
Capital costs P m h m m h m m h m h L
Operating cogts 9 m h | m h | m h m h L
Maintenance [costs 9 m h | m h | m h I h L
Online cleaning " y y n y y n y y n n Y
Online maintgnance y y n y y n y \ n n Y
Quantity of rfating | 4 4 | 5,4 | 140 | 140 | 2+0 | 140 | 140, | &¥0 | 141 [ 241 | |1
equipment
Design leakage K <10 <10 <10 | <1,0 <10 | <1,0 | «1,0/| <1,0 0,0 0,0 0,0
@  External hpat source APH exchanger (preheater); see F.2.2.3 c) for overview.
b

Induced-dfaught system, with APH exchanger located in a separate structure; see.F.2.2.2 c).

¢ Balanced-firaught system, with APH exchanger located in a separate structure;”see F.2.2.2 a).

d  Forced-dr ught system, with APH exchanger located within heater structure; see F.2.2.2 b).

€ Plot area rfequirements: s = small, m = medium, | = large.

f Exchangef location: int = integral to heater structure; sep = exchanger located in separate structure.
9 Costs: I = low, m = medium, h = high.

h

Online clegning: y = online cleaning is possible; n = onlinelcleaning is not possible.

Online ma|ntenance: y = online maintenance is possiblej h = online maintenance is not possible.

i Quantity of equipment assemblies (fans exchangers and pumps) that need to be operated and maintained.
Typical depign leakage (air to flue gas) percentage for well-maintained exchangers.

F.4.110Openating modes
APH systems$ shall be designed with provisions for the following:
a) normal gtart-up;

b) normal ghutdown;

c) emergency shutdown;

d) emergency transition to natural draft, for heaters designed with natural draft capability;
e) emergency transition to spare FD or ID fan, for systems with spare fans;

f)  emergency transition to FD fan only or ID fan only, for systems design for such operation.
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F.5.1

F.5.1
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Safety, operations and maintenance considerations

Safety

Personnel entry

APH system components that require on-line personnel entry should be positively isolated from the fired
heater. Isolation may be by means of slide gates, guillotine blinds and/or specially designed dampers. The
design of such guillotines/dampers should consider the maximum acceptable leakage rate, a means of locking
the actuator, the negative effects of air leakage into the heater and the accessibility of the device.

F.5.1
Natu
not

opers
coun

F.5.1

The 5
not e

F.5.1

In or

situafions”, periodic operational tests of the natural-draught air doors (emergency air inlets), s

sparg

F.5.1

A loc
disab
preve

r,

4

F.5.

In org
(as a

2 Location of natural-draught doors
al-draught air doors (i.e. emergency air inlets) should be positioned so that their,sudden ¢
roduce a hot-air blast that can harm personnel (if the doors open when the\forced-di

ting). Automatically operated air doors should be located such that moving parts
erweights) cannot contact personnel when activated.

3 Safe discharge of stack effluent

tack design and effluent plume should be evaluated to ensure that personnel on adjacent s
Xposed to hazardous conditions.

4 Periodic tests of safety systems
der to ensure that the heater and APH system are able to appropriately respond to

fan or fans and other safety-related componénts are recommended.

5 Lockout system
kable energy isolating device shall\be provided for all fans and motors for the purpose of sh

ling the fans and motors whenever maintenance or servicing is performed. The isolating
nt unexpected energy release.or movement and, as a minimum, shall disconnect all electric

APH operation

er to provide the‘means to effectively monitor and operate an APH system, the following de
bplicable) are.recommended.

a) |

Pressure<and temperature connections should be provided upstream and downstream
xchanger in both the combustion air and flue gas ducting for performance mo
oubleshooting.

pening does
aught fan is
(e.g. heavy

tructures are

“emergency
ack damper,

Litting off and
device shall
bl sources.

sign features

of the APH
hitoring and

Connections for flue gas analysers should be provided upsitream and downstream ot the A

in the flue gas ducting for leak detection, system mass balances, and troubleshooting.

Pressure connections should be provided upstream and downstream of the fan(s).
Flow element(s) should be located downstream of the APH to measure combustion air flow.

Combustion air ducting to parallel fireboxes/cells should be hydraulically similar.

damper that permits O, control for each cell over the APH system's operating range.

©I1SO

Flue gas ducting from parallel fireboxes/cells should be hydraulically similar.
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Combustion air ducting to multiple independently fired fireboxes/cells should contain a flow-control
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h)

that permits arch/roof draught control for each cell over the APH system's operating range.

Flue gas ducting from multiple independently fired fireboxes/cells should contain a flow-control damper

Variable speed or multi-speed fan drivers should be considered for applications with large operating

ranges and/or significant time periods of turndown operations. These drivers provide improved control,

reduced

F.5.3 APH

noise and reduced power consumption.

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 APH, accessibility for maintenance should be considered.

Cleaning fa
provisions fo

Refractory sy
and repaired

ilities are typically provided for APHs in heavy-fuel-oil-fired applications. Online €le
" the induced-draught fan is also desirable in such applications.

stems in existing heaters and ductwork should be inspected periodically for mechanical intg
as required.

bning

grity,

F.5.4 APH|system equipment failure
It is usual to provide provisions for a secondary or fail-safe mode of heater operation. In most applications, the
APH system| is designed to permit stable fired-heater operation whenever{the APH system experienges a

mechanical f]

a) bypassin

b) activating a spare fan or alternative device.

The APH sy
executed. R4

hilure. The two most common secondary operating modes argtthe following:

g the APH system and defaulting to natural-draught operation;

stem should have the means to confirm that such a change has been safely and succes
fer to F.3.3 and F.4.5 for additional guidelines\for natural-draught operations.

sfully

F.6 APH performance guidelines
F.6.1 Introduction
The common design objective of most APH systems is to maximize the fired-heater's efficiency. To achieve

this objectivsg
recovery an
become exc
a) fuel sulfy

b) fuel addi

c) flue gas

, it is important to select a’cold-end design (flue gas) temperature that maximizes flue gas

minimizes foulingsand corrosion. The flue gas temperature at which corrosion and fq
ssive is affected pythe following:
r, ash and other contaminants;

ives and\flde gas additives;

bxygen and moisture content;

heat
uling

d) air-preheater design.

F.6.2 Cold

F.6.21 Re

-end temperatures

commended minimum metal temperatures

Corrosion of air-preheater cold-end surfaces is generally caused by the condensation of sulfuric acid vapour
formed from the products of combustion of a sulfur-laden fuel. The acidic deposits also provide a moist
surface that is ideal for collecting solid particles that foul the APH's heat-transfer surface. Consequently, to
obtain the preheater design life, it is imperative to measure and control the APH's cold-end surfaces above the
acid-dew-point temperature.
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Thermally aggressive APH systems (i.e. those with metal temperatures at or below the FGADP temperatures)
should mitigate such risks via the adoption of one or more of the following practices.

a) Separate the exchanger into a hot and cold module, and make the cold module “easily replaceable”.

b) Use corrosion-resistant materials: glass tubes, glass-coated tubes, glass-coated plates, coated tubes,
stainless steel or some other special corrosion-resistant material.

NOTE 1 Glass tubes can break, which will reduce the efficiency gain from these tubes (most designs permit individual
replacement of each tube).

NOT%&W&WM@MW&%&QMW tubes can be
individually replaced).

NOTH 3  Tube coatings are typically soft and subject to erosion.
c) Use thicker tubes and/or plates to provide additional corrosion allowance.

NOTEH Forecasting or calculating the corrosion rate(s) for the several acid and-eold-end material cpmbinations is
beyord the scope of this annex. Refer to the bibliography for additional sources of information on corrosion [rates and acid
condgnsation rates, and/or consult an authoritative source for application-specific guidance.

F.6.212 Recommended minimum flue gas temperatures

For APH applications in which the exchanger's minimum metal\temperature is not measured or |monitored, a
common corrosion-avoidance practice is to control the cold fluergas temperature above a calculated minimum
flue gas temperature. This minimum flue-gas temperaturg, limit is usually the appropriate mihimum metal
tempprature from Figure F.4 and Figure F.5 plus a smallitemperature allowance. Temperature gllowances of
8 °C o 14 °C (15 °F to 25 °F) are typical.

F.6.2l3 Flue gas dew-point monitoring
For APH systems with the capacity for.reducing stack temperatures below the dew-point temperature, a
progamme of dew-point testing can be) helpful. The dew-point determinations can be used [o adjust the

APH's cold-end temperature. The cold-end metal temperature is lower than the cold flue gas temperature, so
care phould be exercised when the'cold flue gas temperature is the only measurement available.

F.6.3 Hot-end temperatures

F.6.311 General

The APH shall bédesgined to accommodate the full range of flue gas temperatures anticipated.
The temperature of the hot flue gas leaving a fired heater (hot-end temperature) is a function of |heat transfer

surfafpe.area, firing rate, and process temperature. The hot-end temperature increases as the heat transfer
surfapesfoul over time. The APH shall be designed for the resulting increase in flue gas temperature.

The approach temperature is typically defined as the temperature difference between the flue gas leaving the
convection section and the process temperature of the last convection section coil. Fired-heater approach
temperatures are typically in the range of 60 °C to 160 °C (100 °F to 300 °F).

F.6.3.2 Regenerative APH exchangers
Regenerative APH's are generally suitable for maximum inlet flue gas temperatures up to 540 °C (1 000 °F).

Special materials and configurations allow regenerative APH use for flue gas temperatures up to 680 °C
(1 250 °F). The APH manufacturer should be consulted for specific recommendations.
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F.6.3.3 Recuperative APH exchangers

The standard cast-iron recuperative APH is generally suitable for maximum flue gas temperatures up to
540 °C (1 000 °F). By using special materials and constructions, these APHs can be designed for maximum
flue gas temperatures up to 980 °C (1 800 °F). The exchanger manufacturer should be consulted for specific
recommendations.

F.6.3.4 Heat pipes and indirect systems

The coils of working fluid systems, whether heat pipes or indirect APH systems, are usually limited by the
fluids' maximum allowable film temperatures, not the exchangers' coil material(s). For indirect systems

containing al'rrl_t_ﬂﬁ_m_r_l_—n_ﬁl_ﬂ_t—l_l_l_vea -franstfer iluid, the fluid manuiaciurers maximum allowable fiim-temperature imit sShou
followed. In the case of the heat-pipe preheater, the preheater manufacturer should be consulted for_sp
recommenddtions.

F.7 Fan sizing basis

F.7.1 Introduction

APH performance is dependent on proper fan sizing.

This section pddresses fan sizing. Design requirements for fans are addressed in Annex E.

F.7.2 Fan sizing

The heater's
a general ov
the heater's

design conditions include a significant “design margin®for safety, future process increases g
brage dictated by experience; the resulting APH system can be much larger than that requir
normal operation. Consequently, the oversized;APH system's turndown operation can be d

Id be
ecific

nd/or
ed for
fficult

and inefficient. It is recommended that the system desigrer consider the heater's design margin so that the

APH system
at a heater's

For example

test-block flo

The practice
such a practi

F.7.3 Forc

F.7.3.1 De
The forced-d
a)
b) APH'sd
c)

d)

152

combuslion air mass flow rate at heater design conditions and at design excess air;

capabilities match the heater's operating«fequirements. An oversized fan will operate ineffio
normal operating rate.

if the heater duty has a 1,20 design’margin (120 % of the normal duty), the use of the typic

w factor would establish the_test-block flow at 138 % of the heater's normal flow requiren
of applying a significant design margin to another significant design margin is not recomme

bd-draught fan sizing
5igh mass flow rates

raught fan's design mass flow rate is defined as the sum of the following:

iently

bl 1,2
ents.
nded;

Ce yields oversized fans thatdo not operate efficiently within the heater's normal operating range.

esign leakage air mass flow rate which normally applies to regenerative-type APHs;

maximum hot-air recycle mass flow rate, if applicable;

fuel composition that requires the highest air rate.
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The design volumetric-flow-rate equivalent of the design mass flow rate should be based on the following:
— design ambient pressure (atmospheric pressure at site elevation above sea level);

— design ambient humidity (typically 60 %);

— design ambient temperature [typically 16 °C (60 °F)];

The project design basis should specify the design parameters.

F.7.3.2 Test-block flow rate

The cliesign mass flow rate described above should be multiplied by a test-block flow factor-to.oljtain the test-
bloc mass flow rate. For typical APH system applications, a test-block flow factor (Fyf) of 1,15 (115 %) is
recommended. This 1,15 test-block flow factor accounts for the following:
a) ipaccuracies and/or potential increases in the APH leakage rate;

b) ipaccuracies in the FD fan's rating/sizing correlations;

c) ¢hanges in the fuel composition(s) and/or excess-air percentages;

d) 4 small tolerance for unforeseen air losses.

The fest-block volumetric-flow-rate equivalent of the test-block mass flow rate should be bpsed on the
following:

— design ambient pressure (atmospheric pressure-at'site elevation above sea level);
— highest humidity;
— fnaximum inlet temperature.

F.7.3{3 Design static pressure
The FD fan's design static ptessure should account for all the APH static pressure losses for the forced
combustion air circuit; see(F:8.6.2. The following forced-draught circuit components are typicalI/ included in
the sjatic pressure-loss tabulation:

a) KD fan suctiomyducting (screen, air filter if applicable, silencer, suction stack, inlet flow metégr if required,
gteam APH if.applicable, ducting and fan transition);

b) ¢old-air'ducting from the FD fan to the APH (outlet transition, ducting and APH transition);

c) qlir-side losses of the APH (main APH, air flow meter, and balancing damper, if applicable);

d) hot-air ducting from APH to burners (outlet transition, ducting and burner plenum);
e) burner static pressure loss at the maximum burner heat release;

f)  flow-control devices, control dampers, shut-off dampers if applicable, expansion joints, etc.
F.7.3.4 Test-block static pressure
The above design static pressure circuit should be multiplied by a test-block static pressure factor. The test-

block static pressure factor (Ftbsp) of 1,32 (132 %) is recommended, corresponding to the recommended flow
factor of 1,15 (115%).
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For systems that apply a test-block flow factor different from that recommended in F.7.3.2 (115 %), the test-
block static pressure factor should be calculated by squaring the test-block flow factor, i.e. Fy,g, = (Fipp)?.

F.7.4 Induced-draught fan sizing
F.7.4.1 Design mass flow rate
The induced-draught fan's design mass flow rate is defined as the sum of the following:

a) the flue gas mass flow rate at heater design conditions;

b) the APH design leakage air mass flow rate (this will generally apply to regenerative APHSs);

c) the heatpr's leakage air flow rate (through casing joints, ducting joints, piping penetrations, etc!);

d) dilution air if an SCRis used.

The design Violumetric-flow-rate equivalent of the design mass flow rate should be based on the following
— design flue gas molecular weight;

— design gmbient pressure (atmospheric pressure at site elevation abovesea level);

— design duction pressure at fan inlet;

— tempera'ture of flue gases leaving the APH at design operation (fouled conditions) and air bypass
conditions to avoid flue-gas dew-point corrosion.

F.7.4.2 Test-block flow rate

The above design mass flow rate should be multiplied by a test-block flow factor. For typical APH systens, a
test-block flopv factor of 1,20 (120 %) is recommended. This flow factor accounts for the following:

a) inaccurdcies and/or potential increases'in the APH leakage rate;

b) changed or fluctuations in the fuehcomposition(s) and/or excess-air percentages;
c) an allowpnce tolerance for unforeseen air leakage;

d) loss of heater efficiency due to fouling.

The test-blogk volumétric-flow-rate equivalent of the test-block mass flow rate should be based on all ¢f the
following dedign variables:

— flue gas|n1clecular weight;

— design ambient pressure (atmospheric pressure at site elevation above sea level);
— test-block temperature of flue gases entering the induced-draught fan.

The test-block temperature is the temperature of the flue gases leaving the APH at design conditions plus a
small temperature allowance. For typical APH applications, a temperature allowance of 28 °C (50 °F) is used.
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F.7.4.3 Design static pressure

The ID fan's design static pressure should account for all the APH system static pressure or draught losses for
the induced-draught and flue-gas-return circuit (see F.8.6.3 and F.8.6.4 for details). The design should also
include losses due to fouling of the system's components. The following components are typically included:

a) convection-section coil(s);

b) hot flue gas ducting (ducting and transitions upstream and downstream of the APH);

c) flue-gas side losses of APH and emission control equipment (SCR, ESP, CO reduction, and other
I\:wpnuﬂ tas app“\;abic),

ID-fan suction ducting (associated equipment, transitions, ducting, and fan inlet);
e) ¢old flue gas ducting (fan transition, ducting and stack inlet);

f) Ipsses for other miscellaneous equipment such as dampers, expansion joints)etc.;
g) ¢tack effects (draught changes) due to elevation changes;

h) draft at radiant section arch.

F.7.44 Test-block static pressure

The @bove design static pressure should be multiplied by a test-block static pressure factor. Fof typical APH
systems, a test-block static pressure factor of 1,44:4(144 %), is recommended, correspopding to the
recornmended flow factor of 1,20 (120 %).

For dystems that apply a test-block flow factor different from that recommended in F.7.3.4 (115(%), the test-
block static pressure factor, Fy,g, should“be calculated by squaring the test-block flow factor [i.e.

Fipspl= (Fip)?]-
F.7.5 Retrofits

Whette APH systems are added to existing fired-heater installations, flexibility in designipng the most
econpmical system is usually, limited. The system designer shall work closely with the owner/usgr to achieve
optimfum results. To compensate for the possibility of greater leakage in an existing fired heater)|increases in
minimum design flow requifements should be considered.

F.8 |Ductwork'design and analysis

F.8.1 Introduction

ClaugeP.8 is intended to provide engineering procedures for the design and analysis of cpmplex APH
systems with regard to pressure drops and pressure profiles. It has been developed according to, and based
on, commonly used correlations and procedures. While the individual correlations are relatively simple, their
cumulative application to entire APH systems can become complicated. Comments on some specific
applications have been included to provide guidance. Clause F.8 is not intended as a primer on fluid flow; see
the references in F.8.9 for additional information.

The basic assumption is that all of the pertinent design data such as flows, temperatures and pressure drops
for all components are available for integration into the APH system design. These data should be compiled in
a usable form (see Figure F.5 as an example). Additionally, it is necessary to know or to lay out the spatial
relationships between the basic pieces of equipment when developing the duct design.
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F.8.2 Velocity guidelines

In the absence of project-specific values, the following design parameters should be used:

a) straight duct velocity should be limited to 15 m/s (50 ft/s) at 100 % of design end-of-run conditions;

b) turns or tee velocity should be limited to 15 m/s (50 ft/s) at 100 % of design end-of-run conditions;

c) burner a

ir-supply duct velocity should be based on the velocity head in these ducts equal to a maximum

of 10 % of the burner-air side pressure drop. The resulting velocities should be no more than:

1) 8m
2) 9m

These guide
velocities m4

fs(25ftfs) for forced or batanced-draught systems with matural-draught capabitity
s (30 ft/s) for forced or balanced-draught systems without natural-draught capability.

lines can be altered to reflect the system's physical constraints and target,éfficiency. Lower
y be justified by lower power requirements.

156
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Figure F.6 — System work sheet for design and/or analysis

© 1SO 2012 — All rights reserved 157


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

F.8.3 Friction factor calculations

F.8.3.1 General

Before performing any of the pressure-drop calculations contained in F.8.4, the flow elements' friction factors
shall be obtained.

NOTE The correlations of F.8.4 are predicated on the use of Moody friction factors, not Fanning friction factors. The
Moody friction factors for lined and unlined ducts can be read from Figure F.7. For the calculation of the Reynolds number
(Re) in either Sl or USC units, see F.8.3.2.

F.8.3.2 Relynolds number

The Reynolds number, Re, is calculated in Sl units as given in Equation (F.1) or (F.2):

Re=p-p-dlu (F.1)
or

Re=gquyla-d!lu (F.2)
where

d ig the duct inside diameter, in millimetres;

P is the flow density, in kilograms per cubic metre (kg/m3);

v ig the linear velocity, in metres per second;

Y7, i the viscosity, in millipascal seconds (mPa’s);

dm.a i§the areic mass flow rate, in kilograms'per square metre per second (kg/m2-s).

The Reynolds number, Re, is calculated in"JSC units as given in Equation (F.3) or (F.4):

Re=123,9xp-v-dlu (F.3)
or

Re=128,9%qm 5 d I (F.4)
where

d ig thedduct inside diameter, in inches;

P is the flow density, in pounds per cubic foot (Ib/ft3);

v is the linear velocity, in feet per second (ft/s);

y7, is the viscosity, in centipoise (cP);

gm,a is the areic mass flow rate, in pounds per square foot per second (Ib/ft2-s).
NOTE “Areic” is the Sl term for “per unit area”, in this case “mass flow rate per unit area”.
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Figure F.7 —Moody's friction factor versus Reynolds number

F.8.313 Flue gas and air viscosity

If the viscosities, u, of the)combustion air and/or flue gas streams are not known at all pertinent locations
within the system, u, expressed in millipascal seconds (mPa-s), and u, expressed in centipoises |(cP), may be
calculated using the\generalized Equations (F.5) and (F.6), respectively, for both air and flugl gas without
introducing any sighificant error into the pressure-drop calculations:

4 =0,0162 (77255,6)0.691 (F.5)

wherg ‘Tis the absolute temperature, in kelvins (K).

1=0,016 2 (7/460)0.691 (F.6)

where T is the absolute temperature, in degrees Rankine (°R)10.

10 Rankine is a deprecated unit.
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F.8.4 Pressure drop calculations

F.8.4.1 General

The following equations and figures are a synopsis of the large quantity of available literature on the subject of
fluid flow. This material has been used successfully in the design of duct systems and it is thought to be
particularly useful in that type of calculation. Two formats of each correlation are presented: linear velocity
basis and mass velocity basis. Use of either format remains the preference of the designer as both formats

produce simi

lar results.

F.8.4.2 Pressure drop in a straight duct

F.8.4.2.1 Il’ressure drop

The correlati
refractory lin
hydraulic len

cylindrical mitred elbows. The mitred elbow's hydraulic length that is used~in "Equations (F.

Equation (F.
diameter.

The pressur

Equation (F.]
APg 11
APg 11(

where
JmE 18
P is
v is
dma I8
d iS

The pressur
Equations (F|

ngs. Additionally, these correlations can be used to calculate fitting losses for\any fitting V
gth. For example, Figure F.9 provides the equivalent lengths of various physical configuratig

1) can be obtained by multiplying the elbow's equivalent lengths (from-Figure F.9) by itg

() and Equation (F.8):
0=(5,098x10%)frr - p-v2/d

0=(5,098x10%)fynr g a2/ p-d

Moody's friction factor (see Figure F.7);

the flowing bulk density, in kilograms per cubic metre;

the linear velocity, in metrés per second;

the areic mass flowrate) in kilograms per square metre per second;

the duct inside diameter, in millimetres.

e drop per 100 ft, APgc/100, expressed in inches of water column (in HpO), is give
9) and (F.10):

bns in Equation (F.7) to Equation (F.11) may be applied to straight ducts with or without infernal

vith a
ns of
() to
flow

e drop per 100 m, APg/100, expressed in millimetres of water{column (mm Hy0), is givén by

(F.7)

(F.8)

n by

APRysc N00°=(3,587) firp - p-v2 1 d (F.9)
ARysc 1100 = (3,587) finr ~dma’ | p-d (F.10)
where
Jmf  is Moody's friction factor (see Figure F.7);

P is
y is
dm,a IS

d is

160

the flow density, in pounds per cubic foot;
the linear velocity, in feet per second;
the areic mass flow rate, in pounds-mass per square foot per second;

the duct inside diameter, in inches.
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Equation (F.1) through Equation (F.4) and Equation (F.7) through Equation (F.10) employ a diameter
dimension, d, and hence are applicable to round ducts. To use these equations for rectangular ducts, an
equivalent circular-duct diameter, also referred to as the hydraulic mean diameter, needs to be calculated. A
useful correlation, in Sl or USC units, for the hydraulic mean diameter, d,, expressed in millimetres (inches), is

given

in Equation (F.11):

de = 2abl(a + b)

where

d Is the length of one side of a rectangle, expressed in millimetres (inches);

& is the length of the adjacent side of the rectangle, expressed in millimetres (inches).
NOTEH When using d in Equation (F.11), use the actual velocity calculated for the rectangulah duct.

F.8.413 Pressure drop estimation in straight ducts

By n
simp

case$

NOTE
mean

wher

/

ifying chart, presented for convenience as Figure F.8. Any error introduced is not signifig

p.

diameter, it is necessary to apply the correlation shown on the curve rather than the one in Equation (
AP = AP1 . C1 . C2

)
\P is the corrected pressure drop per 30 linear m (100 linear ft), expressed in mm H,O (in K
\P, is the uncorrected pressure drop’taken from Figure F.8 a);

4 is a pressure-drop correction factor for temperature taken from Figure F.8 b);

[> is a roughness cofrection factor, as follows:
— very roughr(e.g. brick): 1,0
— medium-rough (e.g. castable refractory): 0,68

—=_smooth (e.g. unlined steel): 0,45

(F.11)

aking several assumptions, the calculation of pressure drop in straight ducts can be rfeduced to a

ant for most

When the pressure drop, AP, as given in Equation (F.12), is determined from Figure F.8 usipg a hydraulic

£ 11).

(F.12)

The ¢alCulation for rectangular ducts is as given in Equation (F.13):

1,3[(a+b)-0,25]
©"  (axb)-0,65
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Figure F.8 — Duct pressure drop versus mass flow
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F.8.4.4 Pressure drop in fittings and changes in cross-section

The pressure drop, Ap, of formed round elbows, various fittings, shape changes and flow disturbances can be
calculated with the loss coefficients provided in Table F.2 and Equations (F.14) and (F.15) for Sl units, with Ap
expressed in millimetres of water column (mm H>0), and Equations (F.16) and (F.17) for USC units with Ap
expressed in inches of water column (in H50).

In Sl units:

Ap = C(5,102x1072)p - v2 (F.14)
or

\p = C(5,102x10 2 )gn 22 1 p (F.15)
wherg

[ is the fitting loss coefficient from Table F.2;

p is the flowing bulk density, in kilograms per cubic metre;

is the linear velocity, in metres per second;

dm.a is the areic mass flow rate, in kilograms per squarg metre per second.

In USC units:

hp = C(2,989x1073)p 1?2 (F.16)
or

\p = C(2,989x10 7 )gn 2% / p (F.17)
wherg

' is the fitting loss coefficient from Table F.2;

p is the flow density, in pounds per cubic foot;

) is the linéar velocity, in feet per second;

dqm,a is the areic mass flow rate, in pounds-mass per square foot per second,;

As previeusly noted in F.8.4.2, the pressure drop of multiple-piece mitred elbows can be calqulated using
Equations (F.7) through (F.10) and the equivalent lengths provided. The hydraulic length of a mitred elbow
can be obtained by simply muliplying the equivalent length from Figure F.9 by the elbow's flow diameter.
Consideration should be given to the use of turning or flow-straightening vanes to improve the flow
characteristics of high-pressure-drop fittings. Additional information on this subject can be found in the
references cited in F.8.9.

© ISO 2012 — Al rights reserved 163


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

Table F.2 — Loss coefficients for common fittings

Fitting type Fitting illustration Di(gﬁgistiiz:al Loss coefficient L/Dor L/W
ot vsne ‘
round) A for a similar 90° elbow
- Mitre 2 1,30 65
| Y of TN RD=05 0,90 45
90° roslrgi\zactlon \i.;_ I} <\j RD=1.0 0,33 17
RD=15 0,24 12
R/D=2,0 0,19 10
Mitre, H/W = 0,25 1,25 25
R/W=0,5 1,25 25
R/W=1,0 0,37 7
RW=1,5 0,19
Mitre H/W = 0,5 1,47 49
R/W=0,5 1,10 40
L x RW=1,0 0,28 9
90° rectangular R/W=1,5 0,13 4
section elpow H ‘h Mitre H/#=1,0 1,50 75
RW=0,5 1,00 50
R'W=1,0 0,22 11
RW=1,5 0,09 4,5
Mitre H/W = 4,0 1,35 110
RW=0,5 0,96 85
R/W=1,0 0,19 17
RW=15 0,07 6
90° mi\t/raenzlé) :w with |  F———- -—— I \I C=0110025
L
I ——
Mitred teelwith I I I I Equal to an equivalent elbow (90°)
vanes -—— )\ —— (base loss on the entering velocity)
——

Equal to an equivalent elbow (90°)
Formed tee ) .
(base loss on the entering velocity)

Aq
A Apl44=0,2 0,32
| 2
) AolA1=0,4 0,25
Sudden contraction
- AslA1=0,6 0,16
l_ Ax/A1=0,8 0,06
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Fitting type Fitting illustration D:gf‘:ist'iz';al Loss coef::\c;e;;l?:rs:ge:n velocity
a=30° 0,02
Gradual contraction —_— 3 a=45° 0,04
a=60° 0,07
A
—/n "
A2

Slight contraction, Ay =4y 015

change of axis 3 a<14° ’

A
Flapged entrance —_— 0,34
A_|
Entrance to
arger duct 0.85
A"

Bell or formed 003

entrance ’
D4/Dy=0,2 1,90
S{luare-edged S S D4/Dy=0,4 1,39
orifice_atentrance © s D4/Dy=0,6 0,96
B Br="0;8 064
D1/D2 = 0,2 1 86

N D4/Dy=0,4

Square-edged S S 1102 1,21
orifice in duct P s ® D4/Dy=0,6 0,64
D4/Dy=0,8 0,20
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Table F.2 (continued)

Fitting type Fitting illustration Dlmen_5|_onal Loss coef_flment based on velocity
condition in smaller area
A,
f A4/45=0,1 0,81
1
Sudden A4/45=10,3 0,49
enlargement A4l4,=0,6 0,16
| A4/45=10,9 0,01
— a=5° 0,17
oa=10° 0,28
Gradud S a=20° 0,45
enlargemgnt
X o=30° 0,59
a=40° 0,73
A, |
Sudden gxit —_— A, A4lA2=0 1,0
A
Arl44=0,2 2,44
Square-edged i Ayl44.=0,4 2,26
orifice at gxit — A Aphdy = 0,6 1,96
I Hpldy =0,8 1,54
D4/D5=10,10 0,7
Bar in dyct S| — S D4/Dy = 0,25 1,4
D4/D5 = 0,50 4,0
D4/D5=0,10 0,2
Pipe or rod ih duct I'=—® 3 D4/Dy = 0,25 0,55
< D4/D,=0,50 2,0
38
s ined b D4/D5=10,10 0,07
treamlined [object T > =)
in duct - ™ D4/D5=0,25 0,23
N D4/D5 = 0,50 0,90
<
NOTE A and D represent the cross-sectional area and the diameter, respectively, of the relevant section of the fitting.

a This value is for a two-piece mitre. For three-, four- or five-piece mitres, see Figure F.9.

b  For permanent loss in venturis, use a loss coefficient of 0,05 based on throat area.
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w

5-(or more) piece elbow

Figure F.9 — Equivalent lengths for mitred elbows of round cross-section
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F.8.4.5 Pressure drop in branch connections

Velocity head, H, ; at location i, expressed in millimetres of water column (mm H;0), and the corresponding
pressure-drop values for the flow-through manifold branch and run connections can be calculated in Sl units
as given in Equations (F.18) and F.19):

H,;=(5102x1072)p-v;? (F.18)
or

H,;=(5,102x102)g i/ p F.19)
where

Vi is the linear velocity at location i, expressed in metres per second;

P is the flowing bulk density, in kilograms per cubic metre (kg/m3);

dm.aii is the linear velocity at location i, expressed in kilograms per square métte’per second;

i equals 1 for an upstream location, 2 for a downstream location and 3 for a branch locatior]; see

Figures F.10 and F.11.

Velocity head, H, ; at location i, expressed in inches of water column (in H20), and the corresponding
pressure-drop values for the flow-through manifold branch and rufilconnections can be calculated in|USC
units as givep in Equations (F.20) and F.21):

Hyi=(2,989x1073)p 1,2 F.20)
or

H,;=(2,989x107)gp 0/ p F.21)
where

v; is the linear velocity atlocation i, expressed in feet per second;

P is the flowing bulk.density, expressed in pounds-mass per cubic foot;

dma; |is the linear velocity at location i, expressed in pounds per square foot per second;

i equals=Isfor an upstream location, 2 for a downstream location and 3 for a branch locatior]; see

Figures F.10 and F.11.

Upon obtainirg—the—vetocity-head-figures—at-thenecessarytocations—therur—orbranch-connection—presSsure

drop can then be calculated, respectively, with Equations (F.22) and (F.23).
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The pressure drop, AP, in the run location 1 to 2, expressed in mmH,O (in H,O), is given by
Equation (F.22) in Sl or USC units:

APy 5= Cy 1 (Hyq = Hy)) (F.22)
where

Ci12 is the run-loss coefficient, from location 1 to 2, dimensionless;
NOTE . A typical value is 0,50 for the net value of loss and regain, but this could be lower for a well-designed branch
connection.

i, 4and H, , are the velocity heads at locations 1 and 2, respectively, expressed in mm.H30 (in H2O).

The |pressure drop, AP, 3, into branch, location 1 to 3, expressed in mm H,O (in.-H,0), |is given by
Equation (F.23) in Sl or USC units:

APy 3=H, 1 (Chq3-1)+H,3 (F.23)
wherg
i, 4and H, 3 are the velocity heads, at locations 1 and 3, respéctively, expressed in mm HpO (in H,0);

(b 13 is the branch loss coefficient (see Figures F.9 and F.10), from locafion 1 to 3,
dimensionless.

Key
rllet stream 1
inlet’stream 2
combined stream in branch

LW N -

V1 Ol dm,a1
V2 Ol dm a2

V3 0l dm a3

o

Figure F.10 — Location of pressure-measuring points 1, 2 and 3
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2 // A\
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Key
X branch to fmain velocity ratio, y3/\v;
Y branch logs coefficient, Cg, hased on upstream main velocity
1 90° take-qff
2 60° take-qff
3  45° take-qff
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F.8.5 Differential pressure (draught) resulting from temperature differential

The draught or differential pressure, AP, calculated in S| units and expressed in mm H5O, is given by
Equation (F.24):

AP =0,120 3 x P, [(29/T}) - (M,ng)] (lo—14) (F.24)
where
P, is the atmospheric absolute pressure at site grade, expressed in kilopascals;

[, is the absolute temperature of ambient air, expressed in kelvins;

T, is the temperature of flue gas or air in duct, expressed in kelvins;

M, is the relative molecular mass of the flue gas, expressed in kilograms per kilogram-mole
4, is the elevation of point 1 above grade, expressed in metres;

b is the elevation of point 2 above grade, expressed in metres.

The [draught or differential pressure, AP, calculated in USC units and expressed in HyO|[is given by
Equation (F.25):

AP =0,017 9% P, [(29/T,) — (MIT)] (I~ 1) (F.25)

wher

W

P, is the atmospheric absolute pressure at sité/grade, expressed in pounds per square inch;
T, is the absolute temperature of ambient\air, expressed in degrees Rankine;

[, is the temperature of flue gas orair‘in duct, expressed in degrees Rankine;

M, is the relative molecular mass-of the flue gas, expressed in pounds per pound-mole;
L, is the elevation of point'd-above grade, expressed in feet;

I, is the elevation of point 2 above grade, expressed in feet.

F.8.6 System zones

F.8.6l1 General

The gluct'zones of typical APH systems are shown in Figure F.12. The accuracy of flow calculations will be
basefl 0n the accurate characterization of the flows, temperatures, pressure drops, and configlration of the
APH system.

The following are two commonly overlooked sources of flow which add to the total fan flow rate.

a) Cold-to-hot flue gas leakage across the stack-isolation damper. Such leakage recycles flue gas through
the APH, reducing its efficiency. If this flow is large, it can overload the ID fan.

b) Air leakage into the flue gas stream in regenerative and recuperative APHs. Typically, regenerative
exchangers in good condition experience 5 % to 15 % air leakage rates. Leakage rates are higher if the
exchanger is in need of maintenance. Recuperative exchangers typically have less than 1,0 % leakage
rates. If there is any air leakage across the APH, it is necessary to add it to the cold-flue gas flow to
determine the induced-draught fan's flow rate.
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a) Typical induced-draught zone (induced-draught blower to top of &k)

b) Typical induced-dra@ﬁt zone (furnace to induced-draught blower)
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1 stack with damper

2 from APH

3 induced-draught blower

4  furnace convection section
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(o2}

c) Typical forced-air zone

APH 8 fuel
to stack 9  forced-draught fan
furnace plenum 10 inlet trunk or silencer

Figure F.12 — Duct zones
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F.8.6.2 Forced-draught zone

The

forced-draught zone usually consists of the following: inlet stack, suction ducting, forced-draught fan,

cold-air ducting, preheater, hot-air ducting, burner plenum and burners. Using the ends of this zone (e.g. the
burner discharge and suction-stack inlet) as the anchor points, the operating pressure profile within the FD
zone can be described as follows.

a)

h)

The pressure at the burner discharge, inside the fired heater, is the draught at the floor (i.e. the arch
draught plus the radiant-section draught). It is necessary to add the pressure drop across the burner to
this floor-draught pressure (whether it be negative or positive) to obtain the burner-plenum or burner-duct
pressure.

If appropriate, the pressure losses of the feeder ducts (i.e. branch connections) should be jadded to the
urner plenum pressure to arrive at the hot-combustion-air-duct terminus pressure.

s appropriate, the pressure losses of the hot-combustion-air ducting should be added to the hot-air-duct
rminus pressure to arrive at the preheater's hot-air outlet pressure.

s appropriate, an allowance should be made for any dampers and/or flow measurement devices in the
ot-combustion-air ducting.

The preheater's air-side pressure drop should be added to the preheater's outlet pressure td arrive at the
preheater's inlet pressure.

The pressure losses of the fan discharge ducting should be/added to the preheater's inlef pressure to
arrive at an FD-fan discharge pressure.

The pressure losses through the suction stack, silen¢ér and suction ducting should be subtracted from
e atmospheric pressure to obtain the FD fan's suction pressure.

y definition, the FD fan's static pressure rise’is the FD fan's discharge pressure minus its suction
ressure.

Cleatlly, the above overview is conceptual @nd the pressure profile of each zone requires a specific analysis

that

F.8.6{3 Induced-draught zone

The

gccounts for the unique features of(the system.

tlements in this zone are. typically the following: the convection section, uptake ducts, stagk breeching,

lower-stack section, isolation”damper, hot-flue-gas ducting, APH, suction ducting, induced-draught fan, cold-

flue

jas ducting and¢stack. All pressures upstream of the ID fan are increasingly negative. Pressures

downstream of the D fan may be slightly positive (i.e. above atmospheric pressure) or slightly negative
depending on the stack effect (if applicable). Using the ends of this zone (e.g. the arch and ID-faf inlet flange)
as the anchor points, the operating-pressure profile within the ID zone can be described as follows.

The gauge pressure at the arch is typically specified to be — 2,5 mm H,O (- 0,10 in H,0).

ils, should be

The pressure drop of the stack transition, uptake ducts and stack plenum (as appropriate) should be
subtracted from the breeching pressure to arrive at the stack-base pressure.

The pressure losses of the lower stack, hot-flue ducts and preheater inlet transition should be subtracted
from the stack-base pressure to arrive at the preheater inlet pressure.

The pressure drop of the preheater should be subtracted from the inlet pressure to arrive at the preheater
outlet pressure.

The pressure drop of the preheater-outlet transition and suction ducting should be subtracted from the
preheater outlet pressure to obtain the ID-fan suction pressure.
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F.8.6.4 Flue gas-return zone (induced-draught fan to top of stack)

The elements in this zone are the induced-draught fan, the cold-flue-gas ducting and the upper stack. It
should be noted that a separate stack can be utilized so that the flue gas is not returned to the original stack.
Using the ends of this zone (e.g. the stack-discharge point and ID-fan inlet flange) as the anchor points, the
operating pressure profile within this zone can be described as follows.

a) The pressure drop of the upper stack, cold-flue-gas ducting and the ID-fan discharge ducting should be

added to atmospheric pressure to arrive at the ID fan's discharge pressure.

b)

F.8.7 Drau

Even though
any system
changes in e
on elevation
resulting fro
accounted fo

Refer to F.8.
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In those sys
induced-drad
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friction losse
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These doors
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they are commonly considered during stack-draught calculations, draught effectscare”prese
involving both a temperature differential (internal temperature vs. ambient temperature
evation. This draught effect can produce either positive or negative pressuref¢hanges depe
changes and conditions. All duct calculations should account for the_ differential pres
m temperature differences, commonly known as draught effect. Draught effects shou
r in determining net pressure losses or gains in any system.

b for the recommended methodology that may be used to calculate draught effect.

rdraught systems

tems with burners intended to be operated on natural draught as well as in the force
ght mode, the sizing and arranging of ductsi>plenums and air-door components

5 of the system between the burner and the atmosphere. To facilitate swift conversion to n
common practice to provide “natural-draught air doors” on, or adjacent to, the burner plg
fail open as appropriate to provide a local'source of ambient combustion air for the heater.
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F.9.21 Ge

neral

The ductwork requirements for APH systems can be separated into two classifications: flue gas ductwork and
combustion air ductwork. The mechanical and structural design principles are the same for both. General
recommended design requirements are the following:

a) ducts should be gas-tight;

b) field joints should be flange-and-gasket or seal-welded construction;

c) ductwork should permit replacement of components (e.g. dampers, blowers, heat exchangers and
expansion joints);
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d) ductwork should provide uniform fluid flow distribution into the APH exchanger;
e) ductwork should provide uniform fluid flow distribution in the SCR reactor (if present).

Failure to achieve a uniform velocity distribution can reduce the performance of preheaters, fans, and SCRs.
Internal duct bracing, if used, should not be installed within three diameters of equipment since disruption or
restriction of the flow can occur. Use of turning vanes or straightening vanes should be considered to ensure
uniform distribution.

In multiple burner installations, combustion air ductwork design should promote even distribution of air to the
burners. Air distribution ductwork should be designed for constant velocity, so that the variance in the static
and yeleeity—pressure—components-to—each-burneris—minimized—The—variance—in—airflow—to—any one burner
should be no greater than +5 % from the average. When NO, emissions must be minimized,|the variance
should be 2,5 % when operating at 10 % excess air and normal heat release.

The burners should account for 90 % of the total air side pressure drop from the inlet-of the cgmbustion air
distribution duct through the burners.

The purchaser shall specify if modelling of combustion air ductwork is requiréd)in order to demqnstrate even

distribution of air to the burners. This modelling may include computational fluid dynamics|or cold-flow
modglling.

F.9.212 Cross-section
The ¢hoice of round or rectangular duct designs is based eon*fluid flow requirements. Where space permits
and pranch transitions are not critical in maintaining even “flow distribution, round sections fof ducts are
recorpmended because of the following.

a) [Round ducting provides the maximum flow area<per unit of duct mass.

b) Round ducting is structurally stronger than rectangular ductwork of the same mass, gnd therefore
flequires less additional structural suppert:

c) [Round ducting is less prone to resonating with the induced harmonics.

Whete branch connections are réquired to maintain even flow distribution, rectangular ducts are greferred.

Rectangular ducts shall belreinforced in a manner that keeps the deflections and stresses within acceptable
limits| Also, the designer Should avoid having the flat side of ducts coincidently resonant with blower or fan
speefls. Designing for.possible buckling of flat walls can require additional bracing for stiffness.

F.9.213 Layout@and routing considerations

The fpllowing are recommended ductwork layout and routing guidelines.

close to the
stack tie-in point. An expansion joint should be located between the fixed point (i.e. anchor) and the stack
to minimize the duct thermal-expansion forces and the resultant significant bending moment.

b) A single stack is recommended for “common” APH systems that service multiple heaters.

c) Manually adjustable and lockable biasing dampers will likely be required for applications that have parallel
air ducts connected to a common header. Each parallel air duct may require its own biasing damper to
provide a means for adjusting the air flow in each duct. Flow modelling can determine the need for,
location of, and proper setting of biasing dampers under various operating cases.

d) All duct sections should be equipped with low-point drain connections. These connections should be at
least DN 40 (NPS 11/2) nominal size.
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e)

provide for internal access to the entire duct system.

f)

to safely

)]
h)

withstand wind loads and wind-induced (vortex-shedding) vibrations as specified in 13.5.

Loads should not be imposed on expansion joints.

(100 °F).

Manways should be a minimum of 600 mm x 600 mm (24 in x 24 in) and located (if size permits) to

Vertical, self-supporting cylindrical ducts should be designed as stacks. These ducts should be designed

Expansion provisions for lined ducts should be based on the calculated casing temperature plus 55 °C

F.9.2.4 Mdchanical design

F.9.2.4.1

Ductwork should be structurally designed for the maximum expected shut-in pressure /f-the fan d

differential p
but not less
assumed tha
operating at
vacuum.

F.9.24.2 I
Ducts and s
imposed, inc
system). Wh
forces result
in accordang
of cold-weat
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conditions.

F.9.24.3
All ductwork
pressure an
designed to f
and stresses
prevent bind

F.9.2.5 Combustion air plenums

The plenum

esign pressure

essure (i.e. the maximum operating pressure minus the ambient pressure), whichever is gr¢
han 3,4 kPa (0,5 psig). If the design defaults to 3,4 kPa (0,5 psig) design.pressure, it shoy
t the fluid pressure is positive within the duct. Flat surfaces on the.rectangular ductwg
less than atmospheric pressure inside the duct, shall be designed, for'the maximum exp

Design loads

upports should be designed to accommodate all thermal and mechanical loads that ca
uding erection (including the mass of wet refractory during start-up, operation or shutdown
ere duct sections can be removed for maintenance activities, the effect of existing loads and
5 in changes of deflection or stress; the entire system design shall again be mechanically ve
e with codes or procedures agreed to by the user and the vendor. The loads and thermal e
her design conditions (i.e. snow and ice)during shutdowns should also be considered i
Huctwork. Additional reinforcement can be required for transient conditions or resonan

[hermal expansion

subject to thermal expansion’should be analysed for thermal stresses encountered at the d
I design metal temperature. All ductwork subject to thermal expansion shall have sug
reely accommodatedheexpected movement resulting from thermal effects or to accept the f
. The use of rollers; graphite slides or polytetrafluoroethylene slide plates can be requir
ng of support shoes.

desigh and layout should be such that there is a clearance around and under the plent

permit withd

rawal of burner parts without dismantling the plenum. The plenum should not enclos

r the
pater,
Id be
rk, if
bcted
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n the
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Esign
ports
brces
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structural supports of the fired process heater without providing for structural integrity. Plenum design s

be such that the process-heater floor structure does not fail in the event of a fire in the plenum.

hould

In retrofit situations, the design of floor support beams in the existing process heater shall be verified during
the design for the effects of preheated air on structural integrity. Separate insulated plenum boxes can be
required. The use of air spaces between main structural supports and preheated air plenums should be

considered d
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F.9.3 Expansion joints

F.9.3

A

General

All ductwork subject to thermal expansion shall be furnished with metallic-bellows or flexible-fabric-bellows
expansion joints suitable for gas temperatures expected in the ductwork and resistant to any corrosion
products in the gas stream. Internal sleeve liners to protect the bellows of the expansion joint should be
considered. Stiffening rings may be installed on either end of expansion joints in the ductwork to prevent
ovalling of the ductwork or other distortion of the ductwork in the event of replacement of the expansion joint.

All ducts having expansion joints at both ends shall be suitably anchored or restrained between the joints to

ensu

If du
expa
the |
provi
laterd
not u
contg

F.9.3

Flexi
expa
expa
interr

F.9.3

Pack|
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Slip
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F.9.4

F.9.4/1

In an

e absorption of ductwork thermal growth in the expansion joints In the desired manner.

ct thermal expansion is deliberately controlled to cause lateral deflection in the expans
nsion joint shall be specified and designed to absorb lateral deflection or angulation-without

ellows material at design temperature. Expansion joints subject only to latefkal “deflectia
led with tie rods across the bellows. The tie-rod connections to the ductworkshall be gimb
| displacement in the expansion joint without bending or shearing the tie rods or tie-rod con
Se a tied expansion joint to absorb both axial and lateral deflections. Only internal pressur
ined by tie rods.

2 Fabric expansion joints

ple fabric joints should be used to avoid stressing and/or deforming adjoining equip
nsion joints are usually a layered construction of materials suitable for the design conditi
hsion joints are used adjacent to components requiring steam cleaning or water washing
al sleeves is recommended to prevent water damage to the fabric joint.

3 Metallic slip joints

bd slip expansion joints can be a suitable”alternative to fabric joints for negative-pressure
slip joints should be designed .to_provide positive retention of the packing and pe

a)

-

ductwork.
pints are subject to binding‘because of dirt, paint or corrosion. Avoid using slip joints adjace
let or outlet flanges. Slide“bars or guide pins should be provided to prevent angulation (i.g

and when friction or-stresses within the gland is/are inconsistent around the joint circumferé
nsion joints can be-designed to take horizontal movements if used as two hinged joints.

Dampers
Overview

yiduct system design, the selection and location of the system's dampers should consiq

on joint, the
bverstressing
n should be
blled to allow
nections. Do
e thrusts are

ment. These
pns. If fabric
, the use of

applications.
rmit packing

cement from the outside while thelduct is in service. These joints should be between solid anchor points

nt to blower/
. cocking) in
nce. Packed

er reliability,

cont

[Iabllily and ease Ol malntenance. 1The unique requirements O each damper applicatl

n should be

considered. Table F.3 provides recommended damper types for the common APH system applications.

When selecting a damper, the following should be considered:

a)
b)
c)

d)

©I1SO

design pressure and design differential pressure;
design temperature;
design leakage rate;

application type, as discussed below;
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e) mode of operation (manual, automatic, etc.);

f)  materials of construction of blades, shafts, bearings, frame, etc.;

g) rate of operation;

h) local instrumentation (limit switches, positioners, etc.).

Actuator design should be based on weathered, in-service bearing-friction loads (not new, clean values).

Dampers can be classified into four types, based upon the amount of internal leakage across the c

losed

damper at ogeratingpressures:

— tight shutoff: low leakage;

— isolationfor guillotine (slide gate): no leakage;

— flow confrol or distribution: medium to high leakage;

— natural-qraught air-inlet doors: low leakage to full open.

Tight shutofffdampers may be of single-blade or multi-blade construction. L&akage rates of 0,5 % or le
flow at operafing conditions are typical.

Guillotine blinds or slide gates are used to isolate equipment, either after a change to natural draught or
isolating onel of several heaters served by a common preheat system. The design should consider exp
of personnel| the effects of leakage on heater operation, the tightness of damper shutoff and the locat
the damper [close to, or remote from, the affected heater). Isolation or guillotine (slide gate) dampen
designed to [have no internal leakage when closed and may include double-gate with air purge or dg
block-and-blg¢ed designs consisting of one or more dampetrs in series with an air purge between them. In
leakage ratep of 0 % are expected with this type of damper. Guillotines may have insulated blades to
personnel to| safely enter ductwork (downstream of-the damper) during operation of connected equip
Refer to F.9.4.3 for further guidelines.

Flow-control [dampers are typically multiple-louvre, opposed-acting, multiple-blade dampers because
dampers haye superior flow-control capabilities. Parallel-blade or single-blade dampers should not be aj
where the flgw-directing feature inherent’in their design can impair fan performance or provide an unbalg
flow distributlon in the preheater. Actuation linkage for dampers used for control or tight shutoff should h
minimum number of parallel or series arms. The potential for asymmetrical blade movement and les
increases with linkage complexity:

ss of

when
bsure
on of
5 are
uble-
ernal
allow
ment.

such
plied
nced
Hve a
kage

The force refjuired to re-open a fully closed in-service damper can be greater than the actuator can sdpply.

Flow-control [dampers<hould be provided with a means to prevent full closure to avoid this possibility.

Natural-draught,air/doors shall be designed as fail-open devices in the event of loss of mechanical dr:

hught
such

provided by pembustion air fan. Natural-draught air doors should be sized and located in the ductwork
that combusti i i = i i i i

. The

expected leakage or the leakage to be tolerated shall be stated in specifying damper requirements. With the

exception of isolation-damper designs, the amount of leakage varies with type and operating conditions.
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Table F.3 — Recommended damper types

05:2012(E)

Equipment

Function

Recommended damper type

Forced-draught

control

Inlet Control 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 Multi-blade louvre or inlet box damper
Inlgt Isolation for personnel safety Zero-leakage slide gate or guillotine blind
Outlet Isolation for personnel safety Zero-leakage slide gate or guillotine blind
Stac Quick response, isolation and Multi-blade louvre or butterfly damper

Compustion air bypass

Quick response, isolation and
control

Multi-blade louvre or butterfly"damper

Emefgency natural
draught/air inlet

Quick response and isolation

Low-leakage damper ordoor

Fired heater

Burner control

Isolation

Multi-blade af butterfly damper

Zero-leakage slide gate or guillotine blind

2 Design and construction

de3|n should be based on the maximum loading_of'any individual or appropriate combination of the following

ind, seismic and snow loads;

ipping or erection loads;

dctuator loading;

ystem failure or thermalor dead-weight load;
corroded-condition)load.

Dampers should 'be considered structural members and as such should meet all structural-design criteria of
han 1/360 of
tic pressure,
e assembly,
es should be
conS|dered |f 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
temperature is in the creep range, the allowable stress shall be based upon 1 % of the rupture stress at the
100 000 h life span.

When damper actuators are specified, they should be mounted and linked by the damper manufacturer and
tested in their 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. Its 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 3,0 safety factor.
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F.9.4.3 Isolation/guillotine damper

The slide gate damper shall be a complete, self-sufficient structure not requiring additional integral support or
bracing. The actuator for slide-gate dampers shall be electric, manual, pneumatic or hydraulic and shall be
operated by sprockets, chains, jack screws or a direct-drive piston. The required cycle time (e.g. from full open
to full closed) shall be specified by the user.

If chains are used, a minimum of two chains should be used and arranged to drive evenly on each side of the
blade to prevent binding. In the event of chain failure, the remaining chain or chains shall be able to support
the entire blade load. Operator- and drive-system sizing shall incorporate a 300 % dead-load plus a 200 %
live-load (push-pull, open/close) safety factor as a minimum. For installations that are required to be safe for

r donhla hinale anA Whinad A hlacl nd - nuran A HaT2rS Thao o
COTOTC \>4 e

r doubla
— oo

personnel to
between dug
clean air of ¢
leaks into the

F9.44 Lo

Louvre damy
with a centra
consist of a

are splined

thermally ex
frame. The ¢
the damper |

Airfoil blade
growth of the
excessive te
warping of th
rates. If posq
damper.

Louvre-style
of a structura
specified by
expansion b
should be cg
facility.

The link barg
pins. Linkage
of the dampe

Other design
clevis arms 3

TToOCIarTa—orcTT

ha annbind
LA~ UPPII\J\J.

o oo ahall
bleek-and-purge—designs—shall
I-closed damper blades or the space between two rows of edge seals is normally purged
reater pressure than the duct stream or outside air pressure to ensure a clean air barrier t

duct system past the guillotine damper.

anto
TTteT;

uvre dampers

ers consist of a series of parallel damper blades. The blade construction)may be a solid

axial round shaft. If the blade of the damper is of airfoil composite design, the central shaf]
structural member as a central axial support of the airfoil blade. Atieach end, round stub 9
nto the axial structural member with suitable clearances to prévent buckling of the shaft
pands as a result of heat. The stub shafts pass through the{bearings mounted on the d3
dges of the blades are fitted with metal seals to minimize |eakage past the damper edges

lade is closed. These seals are often of proprietary desjgn;

designs should have blade skins provided with elongated bolt holes to compensate for th
shaft and blade skin. Heating holes in one side of airfoil blade designs should be conside
mperatures are encountered across closed .dampers. The holes reduce thermal stresses
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nsidered. Completed linkages shall be tested and fixed in position at the damper manufact

of each individual blade shall be welded to set collars fastened to the damper shaft with
shall be tight.and vibration-free and shall prevent independent action of the blade. The po
r on its shaft shall be scribed on the end of the shaft visible from outside the duct.
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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 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 are recommended for negative-pressure corrosive-flue
gas applications.
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F.9.4.5 Miscellaneous construction details

The following features are recommended.

a) Dampers constructed integral to ducts should be of a bolted design to allow replacement of parts.
b) Damper bearings shall not be covered by insulation.

c) Damper shafts shall be of austenitic stainless steel or a more corrosion-resistant material suitable for the
operating conditions.

F.9.8 Ducting refractory and insulation systems

F.9.511 General

The ¢lesign and installation of all APH refractories and insulations should be in accordance with Clause 11.
Subcjauses F.9.5.2 to F.9.5.6 provided supplemental recommendations.

F.9.5|12 Internal refractory and external insulation systems

Extennally insulated ducting can be desirable in relatively cool flue gas ‘applications, as external insulation is
capaple of maintaining casing-metal temperatures above the dew-=point corrosion. Even though externally
insulated ducting experiences greater thermal expansion than” internally refractory-lined |ducting, for
medipm-to-low-temperature applications, this expansion is not a.design problem.

Extennal insulation is typically applied after the ductwork“has been set in place to avoid damage during
shipging. Externally insulated duct sections should becovered with weatherproofing and/or metgal covers. All
insulating materials should be rated for a service temperature of at least 170 °C (300 °F) above |ts calculated
operating temperature.

Internpal refractory should be considered for(thot flue gas and hot-combustion air ducts to reduce the metal
temperature of the duct envelope, thereby reducing the duct thermal expansion. In the event of a fire in the
duct [system, refractory linings are desirable. Refractory, however, can break loose from the duct wall and

resulf in clogged ductwork, pluggediAPHs and possible damage to fans. Loss of internal linings also exposes
ductwork to corrosive attack and temperatures higher than design.

F.9.5!3 Castable refractory
The minimum castablée-refractory thickness should be 50 mm (2,0 in).

In oilfired applications, castable refractories should be used for all burner plenum and adjgining hot-air
ducting to minimize adsorbtion of fuel oil into the refractory.

F.9.5l4 ““Ceramic-fibre-blanket refractory

Ceramic-fibre-blanket refractory systems with protective metal liners should be in accordance with APl RP 534.
Application of unlined ceramic-fibre-blanket refractory should be in accordance with Clause 11.

Flue gas ducting using relatively porous ceramic-fibre and/or block refractory should have either a protective
internal coating (applied to the ducting's internal casing surfaces prior to application of refractory materials) or
a stainless-steel-foil vapour barrier (sandwiched within the refractory layers, if possible) for applications with
fuels containing more than 1,0 % (mass fraction) of sulfur in a liquid fuel or 1,5 % (volume fraction) of
hydrogen sulfide in a fuel gas.

Exposed ceramic-fibre insulation should not be used in flue gas ducting upstream of SCR reactors. Loose
fibres may migrate downstream and plug SCR catalysts.
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F.9.5.5 Block and board refractory

Block and board refractories are defined as rigid and semi-rigid. Single layers may be used below 260 °C
(500 °F). It may be used as a backup layer with other refractories. The velocity of the flowing gas stream shall
not exceed 6 m/s (20 ft/s). Two layers of insulation are preferred.

F.9.5.6 Mineral-wool blanket insulation

Blanket insulation is a flexible material, e.g. as specified in ASTM C 553. Unprotected insulation shall not be
located 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). Tw¢ Tayers are preferred. Materials shall be overlapped in the hot-face on the first layer to._ehsure
that no exposgure of casing or duct envelope to lower-temperature insulating materials occurs.

F.9.6 Fans and drivers
F.9.6.1 General

Fans and driyers should be in accordance with Annex E.

F.9.6.2 Wheel types

Maximum aegrodynamic efficiency for fans can be achieved with backwardly inclined (non-overloading) blpdes.
The blade construction may be of single thickness or airfoil design. Qn. applications where the fan provides
induced-drayght service, avoid airfoil designs that have hollow-cross:section blades consisting of metal skin
on ribs if they are not furnished with wheel-cleaning facilities.“Induced-draught fans handling elevated-
temperature [flue gas containing significant particulates should"be considered and specified as rad|al or
modified-radfal blades on the fan wheel.

F.9.6.3 Construction

Fans in flue gas service should have continuously.welded seams.

F.9.6.4 Shafts

Fan wheel shafts should be capable of.handling 110 % of rated driver torque from rest to design speed.
F.9.6.5 Elimination of indueed=draught fan

A stack of greater height/than normally required can replace an induced-draught fan on some sysjems,
thereby imprpving the mgchanical reliability of a system.

F.9.7 APH|exchangers

F.9.7.1 Directexchrangers

In a fixed-bundle APH, consider making the bundle removable if it is subject to corrosion. Pressure parts of
coils or tube bundles handling a combustible fluid should be of all-welded construction. Circumferential welds
shall not be located in the air stream.

In rotating exchangers with metallic elements, the heating surface should 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 reestablished.
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2 Indirect exchangers

The design and manufacture of the hot exchanger coils (inside the convection module) should meet the
requirements of this International Standard and ISO 13704. The design and manufacture of the cold
exchanger coils (inside the combustion air ducting) typically meet the requirements of this International
Standard and ISO 13704.

Each pass of multiple-pass coils shall be symmetrical and equal in length to all other passes. Recirculating
reheat coils shall not be oriented to view direct radiation from the firebox or from high-temperature refractory
surfaces.
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rties. Some characteristics of the working fluid can deteriorate over time and/or under, exf|
tions. Systems with closed circulating loops should incorporate provisions to drain the work

- these conditions can lead to premature thermal degradation of the working fluid.Hot ex
d be drainable and include appropriate high-point vents and low-point drains.unless specif
b purchaser. All flanges should be located outside the duct periphery.

lesign pressure of the coils in heated liquid service shall be based_tpon a pressure gre
ir pressure of the heating fluid at the operating temperature. This ensures that the coil desig
enough to allow selection of pumping pressures sufficient to prevént possible two-phase (|
g regimes in the coils and to contain and hold the fluid if the blewer fails with no reduction in

pressure-retaining circumferential field welds on the air-heating element of systems
ed, circulating, combustible heat medium shall be outsideithe air duct. Electric-resistance-w
ver, is permitted for coil designs where the coil is inside,the duct.

3 Two-phase operation

b the vapour pressure of the liquid, which-ensures that the coil contains all liquid, and the
ure directly in a vapour “flash” drum downstream of the coil.

4 Pump design for circulating systems

bs should be designed in~aecordance with 1ISO 13709. Head-capacity curves shall rise co
pff. Rated pump capagity shall fall to the left or on the peak-efficiency line. Pumps handling
liquids shall have flanged suction and discharge nozzles. Spare pumps should be provided
ystem that can be_completely bypassed without detriment to the normal heater service.

For the purpose of this provision, API Std 610 is equivalent to ISO 13709.

5 Interconnecting piping
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dance witht1SO—15649:

For the purposes of this provision, ASME B 31.3 is equivalent to ISO 15649.

F.10 Environmental impact

F.10.

1 Energy conservation

Retrofitting an existing unit with an air preheat system will normally increase efficiency, reducing fuel use.
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F.10.2 Stack emissions

F.10.2.1 General

The use of an APH system results in a lower flue gas exit temperature, which increases the possibility of an
exhaust stack plume. The normal way to eliminate any adverse effect is to increase the stack exit height
above grade and/or increase the effluent velocity so that natural diffusion and wind currents minimize acid
fallout.

Both balanced-draught and induced-draught systems incorporate an ID fan, which can be sized to provide the
flow energy to achieve high stack effluent velocities. Alternatively, a longer stack can provide additional
draught and ktack velocity while simultaneously providing a higher emissions point.

The primary flue gas pollutants of interest are discussed below.

F.10.2.2 Nitrogen oxides

The oxides pf nitrogen produced depend on the time, temperature and the oxygen, concentration of any
specific fuel's combustion process. The reactions involved are many and complex:-~The following cgn be
stated in general.

a) NO,produced increases with increasing firebox or combustion temperatutes.
b) NO, produced decreases with decreasing excess air.

Preheating gombustion will normally increase NO,. However, depénding on the design of the system, &n air
preheat system with forced draft burners may partially or substantially offset this increase by improved fuel
efficiency angl the ability to run at lower excess air levels versus a natural draft system.

F.10.2.3 Sujfur oxides

The sulfur ofide fraction of the flue gas depends.solely on the composition of the gas or oil burned and |s not
affected to apy extent by the APH system. However, since fuel consumption is reduced when an APH system
is used, the mass of sulfur dioxide (SO2) emitted is reduced for any given process duty. This results in|a net
reduction in $Ox emissions (i.e. an environmental benefit).

F.10.2.4 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 forced-draught systems involved have enabled burner manufacjurers
to reduce thg formation.-of carbon when burning normal fuels. This can reduce the particulates formged to
essentially tHe ash content of the fuel. Therefore, the use of an APH system reduces the total solids emission
from many heater applications since the amount of fuel burned, and hence of ash emitted, is reduced.

F.10.2.5 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, can result from insufficient
excess air. The application of an APH system enhances the ability to burn fuels completely at the lowest
possible excess air level, producing fewer unburned hydrocarbons.

F.10.3 Noise

The main sources of noise from a fired heater are the burners and fans. Retrofitting an APH system to an
existing unit will add fans and ducts around the burners, in addition to other items. Therefore, an APH system
will have more fan noise and less burner noise compared to a natural draft system. This trade-off should be
considered in the design of an APH system.
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F.11 Preparing an enquiry

F.11.1 Introduction
The purpose of Clause F.11 is to provide guidance and a checklist for obtaining sufficient information and data

for selecting the most economical APH system and for preparing the required enquiry. Before preparing an
enquiry, it is recommended that an economic study be conducted to justify the installation of an APH system.

F.11.2 Enquiry

system. This
)stem should

includle the following:

a) data sheets for the fired heater(s), existing or proposed;

b) air-preheater data sheets;

c) APH system specifications and process and instrumentation diagrams;

d) plot plan, plot area or specification of the APH-system plot-area restrictions.
The fata for a) are often available from manufacturer's data_booKs. The fired-heater operatipg data shall

represent the intended heater operation, which, in the case ofia retrofit, can differ from the original design
data;|if so, both the original and the intended operating data shall be supplied.

F.11]13 APH system checklist

The fpllowing is a checklist of information and data-to be included in the APH system enquiry:

a) fired-heater data sheets (with appropriate-information);

b) e¢nvironmental restrictions; NO,, UHE, CO, and noise;

c) el type, SO, concentration;

d) g¢pace and/or site constraints;

e) number of fired heatérs to be serviced by the APH system;

f) quired reliability and service factor of the fired heater(s) in APH operation;
g) quired heater performance in the event of equipment failure;

h) project'specifications (heater, refractory, coatings, structural, fans and fan drivers);

i) applicable standards;

j)  applicable building regulations.

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 has control over only a few of these variables. Dew point
is addressed in F.3.5.
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Annex G
(informative)

Measurement of efficiency of fired process heaters

G.1 General

G.1.1 Intro

This annex i

process healers. It comprises a comprehensive procedure for conducting the necessary tests and rep

the results.

This procedd
for determini

The test pro
obtained for
assumptions

G.1.2 Tern

G.1.21 Te

The following

G.1.211
thermal effic
total heat ab

NOTE
efficiency.

TH

G.1.21.2
fuel efficien
total heat ab

G.1.21.3
total heat al
total heat inp

duutiun

5 intended to establish a standard approach for measuring the thermal and fuel efficiengy of

re is intended to be used for fired-heater burning liquid or gaseous fuels. It'ishot recomme
ng the thermal or fuel efficiency if a solid fuel is being burned.

tedure considers only stack heat loss, radiation heat loss and total-heat input. Process dat

required for testing should be established before testing.
s, definitions and symbols

'ms and definitions

terms and definitions used in this annex are given for information.
tiency

sorbed divided by total heat input

is definition differs from the traditional definition of fired-heater efficiency, which generally refers to th

LY
sorbed divided by, the heat input derived from the combustion of the fuel only (4 )

sorbed
ut minus total heat loss

fired
Drting

nded

A are

the purposes of reference and comparison only. Any modifications of the procedure and any

e fuel

G.1.214
total heat in

put

sum of net heat of combustion of the fuel () and sensible heat of the air, fuel and atomizing medium

G.1.21.5
total heat lo

SS

sum of radiation heat loss and stack heat loss

G.1.2.1.6
radiation he

at loss

defined percentage of net heat of combustion of the fuel
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G.1.21.7

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

G.1.2.1.8

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/lb).

G.1.4.2 Symbols

The fpllowing symbols are used in this annex:

e net thermal efficiency, as a percentage

es fuel efficiency, as a percentage

eg gross thermal efficiency, as a percentage

h lower massic heat value of the fuel burned, in J/kg (Btu/Ib)
hH higher massic heat value of the fuel burned, in J/kg (Btu/ib)

Cpa specific heat capacity of the air, in J/kg-K (Btu/lb-°F)
Cpf specific heat capacity of the fuel, in J/kg-K (BtuAb:°F)

Cpm specific heat capacity of the atomizing medium, in J/kg-K (Btu/lb-°F)
AE enthalpy difference

Ahgy air sensible massic heat correction; jin J/kg (Btu/lb)

Ahg fuel sensible massic heat correetion, in J/kg (Btu/lb)

Ay atomizing medium sensibleé*massic heat correction, in J/kg (Btu/lb)

he radiation massic heat\oss, in J/kg (Btu/Ib)

hg stack massic heatloss, in J/kg (Btu/lb)

My mass of air{.expressed in kilograms (pounds mass)
ms mass, ofithe fuel, in kilograms (pounds mass)

- mass of the medium, in kilograms (pounds mass)
Mgt mass of the steam, in kilograms (pounds mass)
T air temperature, in °C (°F)

Tya ambient air temperature, in °C (°F)

Ty design datum temperature, in °C (°F)

Ty exit flue gas temperature, in °C (°F)

T; fuel temperature, in °C (°F)

T inlet coil temperature, in °C (°F)

Tm atomizing-medium temperature, in °C (°F)
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G.1.3 Instrumentation

G.1.3.1 General

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-measuring devices

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 fugl and
the atomizing medium. For a discussion of conventional temperature measurements, refer to ARHRP 554
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Figure G.1 — Instrument and measurement locations
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hot-gas edluctor
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Figure G.2 — Typical aspirating (high-velocity) thermocouple

G.1.3.3 Flye gas analytical devices

A portable ol permanently installed analyser shallbe used to analyse for oxygen and combustible gases |n the
flue gas. Thqg analysis of the flue gas may be made on either a wet or a dry basis, but the calculations shall be
consistent wlith the basis used. For a.-discussion of sampling systems and flue gas analysers, refer to
API RP 555.

G.1.4 Meagsurement
The following measurements’ shall be taken for reference purposes and for the identification of heater
operating copdition. If mere than one process service or auxiliary stream is present, the data should be faken
for all servicgs:

a) fuel flowfrate;

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;

i) flue gas draught profile.
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G.2 Testing

G.2.1 Preparation for testing

G.211 The following ground rules shall be established in preparation for the test, prior to th
actual test run:

a)

b)

c)

d)

G.21.2 All instrumentation that will be used during the test shall be calibrated before the test

operating conditions that will prevail during the test;

e date of the

any re-rating that will be necessary to account for differences between the test conditions and the design

conditions;

cceptability of the fuel or fuels to be fired.

lection of instrumentation types, methods of measurement and specific measurement locat

ons.

G.214.3 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, excesg air, flue gas
draught profile, cleanliness of the heating surfaces andalanced burner firing.
G.2.2 Testing
G.2.31 The heater shall be operated at a whiform rate throughout the test.
G.2.3.2 The test shall last for a minimum of 4 h. Data shall be taken at the start of the test gnd every 2 h
therepfter.
G.2.4.3 The duration of the test'shall be extended until three consecutive sets of collected data fall within
the pfescribed limits listed in T@ble G.1.
TFable 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 flow rate +5%

Process temperature in +5°C (9 °F)

Process temperature out +5°C (9 °F)

Process pressure out +5%
© 1SO 2012 — All rights reserved 191
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G.2.24 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 necessary to take
only one sample for analysis during the test run.

— For liqu
analyse
compon

fuels, the net heating value shall be obtained by calorimeter test. Liquid fuels shall als
to determine the hydrogen/carbon ratio, sulfur content, water content and the content.of
ents.

— Flue gag samples shall be analysed to determine the content of oxygen and combustiblesy Samples

be take

n downstream of the last heat-exchange (heat-absorbing) surface. If an air heater is

sampleq shall be taken after the air heater. The cross-sectional area shall be“{raversed to ¢
representative samples. A minimum of four samples shall be taken not more than(1)m (3 ft) apart.

— The flue
analysis
the flue

gas temperature shall be measured at the same location used to ektract samples of flue g
Systems designed to operate on natural draught upon loss of preheated air shall also me
jas temperature above the stack damper. If the measured temperature reveals leakage (th

the stagk temperature is higher than the temperature at the exit{from the air heater), then flu
sampleq shall also be taken at this location to determine the correctoverall thermal efficiency. The ¢
sectional area shall be traversed to obtain the representative temperature. A minimum of
measurgments shall be taken not more than 1 m (3 ft) apart,

G.2.2.5
are then the

G.2.2.6

G.3 Deter

G.3.1 Calc

brithmetic average of the calculated efficiencies.

Al of the data shall be recorded on the.standard forms presented in Clause G.4.

mination of thermal and.fuel efficiencies

Ilation of thermal and fuel efficiencies

G.3.1.1 Net thermal efficieney

Figures G.3,

G.4 and.\G:5 Illustrate heat inputs and heat losses for typical arrangements of

process heater systems:

For the arrarigements in Figures G.3, G.4 and G.5, the net thermal efficiency, e, (based on the lower heg

value of the

o be
other

shall
ised,
btain

hs for
asure
is, if
gas
ross-
four

The thermal efficiency shall be calculated from.each set of valid data. The accepted final rgsults

fired

ating

fuel) is equal to the total heat absarbed times 100 divided by the total heat input The tota

heat

absorbed is equal to the total heat input minus the total heat losses, so the net thermal efficiency, e, is given
by Equation (G.1):

. (AL + Ahg + Ahs + Ahp, )= (A + hg)

x100

(h_ + Ahg + Ahs + Ahy,)

(G.1)

where
e is the net thermal efficiency, expressed as a percentage;
hL is the lower massic heat value of the fuel burned, expressed in kJ/kg (Btu/lb);
192 © 1SO 2012 — All rights reserved
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is the air sensible massic heat correction, expressed in kJ/kg (Btu/Ib)

= cpa - (T, — Ty) - mglmy, or the enthalpy difference, AE, multiplied by the mass of air per unit mass

of fuel;

m is the mass of air, expressed in kilograms (pounds mass);

a

mg is the mass of the fuel, expressed in kilograms (pounds mass);

Ahg s the fuel sensible massic heat correction, expressed in kJ/kg (Btu/lb)

G.3.1

=cpf - (T = 1y);

\i,  is the atomizing medium sensible massic heat correction, expressed in kJ/kg (Btu/lb)
=cpm - (Ty — Tg) - m/my, or the enthalpy difference, AE, multiplied by theqmass of me
mass of fuel;

mgy,  is the mass of the medium, expressed in kilograms (pounds mass);

r is the assumed radiation massic heat loss, expressed in kJ/kg(Btu/Ib) of fuel;

s is the calculated stack massic heat loss (see stack loss\work sheet, Clause G.5), in
of fuel.

.2 Gross thermal efficiency

The

ross thermal efficiency of a fired process heaterisystem, egs expressed as a percentage, i

dium per unit

Jikg (Btu/lb)

5 determined

by sybstituting into Equation (G.1) the higher heating value, iy, In place of 4| and adding to g & value equal

to 2 464,9 kJ/kg (1 059,7 Btu/lb) of H,O multiplied by the mass, m, expressed in kilograms (pou

form

d in the combustion of the fuel, as given in"Equation (G.2):

(hy + Ahg + Ahg + Ay ) = [he +hg)+ (mp 0 X 2 464,9)]

x100
g (hy + Ahy & Dhg + Ahy)

b

Howgver, iy, the higher massic heat value of the fuel burned, expressed in kJ/kg (Btu/lb) of

expre

Maki

ssed as given in Equation (G.3):
H= h|_ + (mH20 K2 464,9)
ng this substitution, Equation (G.2) reduces to Equation (G.4):

(AL + Ahg + Ahs + Ahp)— (B + hg) <100

O3 (g + Ay + Mg + Ay )+ (myy, 0 < 2 464,9)

nds), of H,O

(G.2)

fuel, can be

(G.3)

(G.4)

Equation (G.4) can be reduced further to Equation (G.5):

o = (AL + Ahg + Ahs + Ahp)— (B + hg)

©I1SO

x100
g (hyy + Ahg + Ahg + Ahy)

2012 — All rights reserved
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1 fuel
2 ambient a
&  h =Ah+

b AhyatT,§

=

~

a,a

Figure G)3'— Typical heater arrangement with non-preheated air
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1 fyel

2 ambient air

a8 h =Ah+ Ahg,
b ApatT,=T,,

Figure G.4 — Typical‘heater arrangement with preheated air from an internal heat s¢urce

© 1SO 2012 - All rights reserved
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— > >
\“
[0}

Key

1 fuel

2 ambientajrat T, ,
3 external heat

a = Ahg+|AR

b AhyatT,

Figune G.5 — Typical heater arrangement with preheated air from an external heat source

G.3.1.3 Fugpl efficiency

The fuel effigiency of a fired heater, ¢;, expressed as a percentage, is found by dividing the total heat abs¢rbed

by the heat input due only to the combustion of the fuel. The fuel efficiency can be determined by eliminating
the sensible heat correction factors for air, fuel and steam from the denominator of Equation (G.1), resulting in
Equation (G.6):

_ (AL + Ahg + Ahs + Ahp)— (s + hg)

ef

196

h

%100 (G.6)
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G.3.2 Sample calculations

G.3.2.1

General

The examples in G.3.2.2 through G.3.2.4 illustrate the use of the preceding equations to calculate the thermal
efficiency of three typical heater arrangements.

G.3.2.2 Oil-fired heater with natural draught

G.3.2.21

In thi
is 26

176 9

a we
of th

carbg

sulfu

atom
stean
out fq

The
of th

highe

(see

deten

G.3.2

The

percg

The

comgy

hg =

The

deten

Example conditions

5 example (see Figure G.3), the ambient air temperature (75 ) is 26,7 °C (80 °F), the airtem
7 °C (80 °F), the flue gas temperature to the stack (7g) is 232 °C (450 °F), the fuel qil'‘temp
C (350 °F), and the relative humidity is 50 %. The flue gas analysis indicates that the oxyge
basis) is 5 % (volume fraction) and that the combustibles content is nil. The radiation heat
b lower massic heat value of the fuel. The analysis of the fuel indicates that its gravity is
n-hydrogen ratio is 8,06, its higher massic heat value (by calorimeter) is 42’566 kJ/kg (18 3

[

zing steam (7}y,) is 185 °C (366 °F) at a pressure of 1,03 MPa (150+psi) gauge; the mass
n per unit mass of fuel is 0,5 kg/kg (0,5 Ib/Ib). Clause G.6 contains the work sheets from Cla
r this example.

el's carbon content and the content of the other components are entered as mass fraction
Combustion work sheet (see Clause G.6) to determine_the flue gas components. By ent

Clause G.6), the fuel's lower massic heat value (79 and carbon content (
mined. Using this method, | =40 186 kJ/kg (17 27 7-Btu/Ib) of fuel.

as a percen

.2.2 Massic heat losses
radiation massic heat loss, #,, is determined by multiplying A by the radiation loss exy
stack massic heat loss, #ig,..iS. determined from a summation of the heat content of

onents at the exit flue gas“temperature, T, (see stack loss work sheet, Clause G.6
| 788,4 kJ/kg (2 058,5 Btl/Ib) of fuel at 232 °C (450 °F).

4

bensible massic heat’corrections (Ak, for combustion air, Ak, for fuel and Ah,, for atomizin
mined as given in-Equation (G.7):

Mg = Cpg " (Tg= Ty) - mglmg

ntage. Therefore, 4, = 0,015 x 40 186'= 602,8 kJ/kg (= 0,015 x 17 277 = 259,2 Btu/lb) of fue|.

perature (7,)
prature (75) is
n content (on
loss is 1,5 %
10 °API, its
DO Btu/lb), its

content is 1,8 % (mass fraction) and its inerts content is 0,95 % (mass_fraction). The tempgrature of the

of atomizing
Lise G.5 filled

5 in column 3

efing the fuel's
r massic heat value (k#y) and its components on the lower massic heat value (liquid fuel%; work sheet

ge) can be

ressed as a

the flue gas
. Therefore,

j steam) are

(G.7)

wherg
g is the mass of air, expressed in kilograms (pounds mass):
ms is the mass of the fuel, expressed in kilograms (pounds mass);
mylmg  is the sum of the values, expressed as kilograms (pounds mass) of air per kilo

gram (pound

mass) of fuel, from lines (b) and (e) on the excess air and relative humidity work sheet (see

Clause G.6).

© 1SO 2012 - All rights reserved
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The calculation in Sl units:
Ahg, =1,005 (26,7 — 15,6) x (13,86 + 4,896)
Ahy = 209,3 kJ/kg of fuel
Ahg = eptyer  (Tr = Tg)

Ahs=2,099 (176,7 — 15,6)

Ahg = 323:8-kJikg-offuel
The calculatipn in USC units:
Ah, = 0,24 (80 — 60) x (13,86 + 4,896)
Ah_ = 90,0 Btu/lb of fuel
Ahg= cphe) - (T5 — Ty)
Ah;= 0,48 (350 — 60)
Ahg = 13P,2 Btu/lb of fuel

Ahpy = AE X mglmg
where
AE is the enthalpy difference;

mg; is the mass of the steam, expressed irmkilograms (pounds mass).

In Sl units:
Ah, =(4780,7-2530,0)x0,5
Ahp, = 125,4 kJ/kg of fuel

In USC units

Ah, = (1195,61087,7) 0,5

m

A = 58 9-Btu/lb of fuel

m

G.3.2.2.3 Thermal efficiency

The net thermal efficiency can then be calculated as follows [see Equation (G.1)].

In Sl units:

o (40186 +209,3+323,8 +125,4) - (602,9 + 4 788,1)
(40186 +209,3 +323,8 +125,4)

x100

e=286,8%

198
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In USC units:

o (17277+90,0+139,2+53,9) - (259,2 + 2 058,5)

x100

(17 277 +90,0+139,2 + 53,9)

e=286,8%

The gross thermal efficiency is determined as follows [see Equation (G.5)].

ISO 13705:2012(E)

In Sl units:
_ (40186 +209.3 +323.8 +125.4) —(602,9 + 4 788,1)
9 (42 566 +209,3 +323,8 +125,4)
d5=82,0 %
In USC units:
_(17277+90,0+139,2+53,9)-(259,2+2058,5) o
9 (18 300 +90,0 +139,2 +53,9)
d5=82,0 %

The fuel efficiency is determined as follows [see Equation (G.6)]:

In Sl

d

In UY

4

G.3.2

G.3.2

In thi

units:

_ (40186 +209,3+323,8 +125,4) — (602,9 + 4.788,1)
f (40 186)

x100

¢ = 88,2 %
C units:

| (17.277+90,0+139,2 £53,9) - (259,2 + 2 058,5)

f x100
@a7277)

= 88,2 %

.3 Gas-fired heater with preheated combustion air from an internal heat source

.3.1 _Example conditions

5 ‘example (see Figure G.4), the ambient air temperature (75 ) is —2,2 °C (28 °F), the air temperature (735)

is also — 2,2 °C (28 °F), the flue gas femperaiure at the exit from the air heafer is 748,9 °C (300 °F), the fuel
gas temperature is 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 % (volume 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 75,4 % (volume fraction), its ethane content is 2,33 % (volume fraction), its ethylene
content is 5,08 % (volume fraction), its propane content is 1,54 % (volume fraction), its propylene content is
1,86 % (volume fraction), its nitrogen content is 9,96 (volume fraction) and its hydrogen content is 3,82 %
(volume fraction). Clause G.7 contains the combustion work sheet, excess air and relative humidity work

sheet and stack loss work sheet from Clause G.5 filled out for this example.

©I1SO
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G.3.2.3.2 Massic heat losses

The fuel's A is determined by entering the fuel analysis in column 1 of the combustion work sheet (see
Clause G.7) and dividing the total heats of combustion (column 5) by the total fuel mass (column 3).

Therefore, i = 780 556/18,523 = 42 140 kJ/kg of fuel (/= 335 623/18,523 = 18 120 Btu/lb of fuel).

The radiation massic heat loss, 4, 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, 7, (see stack loss work sheet, Clause G.7). Therefore,

he =2 T47,5

The sensiblg

Equation (G.

KJ/Kg oT Tuel at 146,9 "C (T 151,2 btu/lb or tuel at SUU "F).

B):

Ahg = cph X (T — Tg) X mg/my

where
my iS
mg iS
In S| units:
Ahg =1,
Ahg=—
In USC units
Ahgy =0,
Ahg=—
Ahg = cpf
In S| units:
Ahg=2,1
Ahs=48
In USC units

the mass of air, expressed in kilograms (pounds mass);

the mass of the fuel, expressed in kilograms (pounds mass):

D05 (- 2,2 — 15,6) x (14,344 x 1,2 + 0,201)

B13,3 kJ/kg of fuel

D4 (28 — 60) x (14,344 x 1,2 + 0,201)
34,7 Btu/lb of fuel

X (Tf— Td)

97 (37,8 ~15,6)

8 kd/kg of fuel

massic heat corrections, Ak, for combustion air and A/ for fuel, are determined_as, given in

(G.8)

Ahg=0,525 (100 — 60)

Ahg= 21,0 Btu/lb of fuel

200
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G.3.2.3.3 Thermal efficiency

The net thermal efficiency can then be calculated as follows [see Equation (G.1)].

In Sl units:
_ (42147-313,3+48,8)-(1 O53,7+2747,5)><100
(42147 +313,3+48,8)
e=90,9 %
In USC units:

4

To determine the gross thermal efficiency, follow the procedure in G.3.1.2 (see also G.3.2.1).

To d¢termine the fuel efficiency, follow the procedure in G.3.1.3 (see also-G.3.2.1).

G.3.2

G.3.2

This

the a
the fl
contg
for th

G.3.2

h_ an
and /

In thi
(pour
(see
mass
wate

The

_ (18120-134,7 +21)—(453,0+1181,2)
(18120 —134,7 +21)

x100

=90,9 %

.4 Gas-fired heater with preheated combustion air from{an external heat source

4.1 Example conditions

example (see Figure G.5) uses the same data that are used in G.3.2.2 except for the follow
r temperature (73) is 148,9 °C (300 °F), the flue‘gas temperature to the stack (7;) is 260 °C
Lie gas analysis indicates that the oxygen content (on a dry basis) is 3,5 % (volume fraction).
ins the excess air and relative humidity work sheet and stack loss work sheet from Clause
s example.

4.2 Massic heat losses

d Ak are determined exactly.as they were in G.3.2.2. Therefore, i =42 147 kJ/kg (18 120 E
\is =1 053,7 kd/kg (453,0'Btu/Ib) of fuel.

5 example, the oxygen reading was taken on a dry basis, so it is necessary that the values
ds mass) of waterper kilogram (pound mass) of fuel be entered as zero when correcting f
the excess aif/and relative humidity work sheet, Clause G.8). The calculation for total kilogr
) of HyO perkilogram (pound mass) of fuel (corrected for excess air) is again performed usi
and moistdre (see excess air and relative humidity work sheet).

ing changes:
500 °F), and

Clause G.8
G.5 filled out

tu/Ib) of fuel,

for kilograms
pr excess air
Bms (pounds
ng values for

stack. loss, hs, is determmed from a summation of the heat content of the flue gas comp

stack

(2099,9 Btu/lb of fuel at 500 °F)

bnents at the
el at 260 °C

The sensible massic heat corrections, Ah; and Akg, are determined as they were in G.3.2.2, but Ahg, which
changes because of the different temperatures and quantities, is given by Equation (G.9):

Ahg = cpg X (Ty — Ty) X mglmg

where

m

2 is the mass of air, expressed in kilograms (pounds mass);

m; is the mass of the fuel, expressed in kilograms (pounds mass).

©I1SO
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In Sl units:

Ahg = 1,005 (148,9 — 15,6) (14,344 + 2,619)

Ahy = 2 272,7 kJ/kg of fuel

Ahs = 48,8 kJ/kg of fuel

In USC units:

Ahg =0,24 (300 — 60) (14,344 + 2,619)

Ahg = 977,1 Btu/lb of fuel

,0 Btu/lb of fuel)

G.3.2.4.3 Thermal efficiency

The net thermal efficiency can then be calculated as follows [see Equation (G.1)].

In Sl units:

(42

147+2272,2+48,8)-(1053,7 +4884,4)

e =

e=286,6
In USC units

(18

(42147 +2 272,7 +48,8)

%

120 +977,1+21) - (453,0+2099,9) .

e =

e=86,6

(18120 +977,1+ 21)

%

To determing the gross thermal efficiency and the fuel efficiency, follow the procedure given in G.3.1.2 and

G.3.1.3, resp

ectively; see also G.32.1:
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G.4 Model format for laboratory and raw-test-data sheets

LABORATORY DATA SHEET

|. GENERAL INFORMATION

Job No.:

ISO 13705:2012(E)

Date of report:

Page 1 of 2

Owner: Plant location:
Unit: Site elevation:
HeaterNo- Service:

Test qun date:
Test qun time:
Run Nlo.:

Il. FURL GAS SAMPLE
Samgle taken by:
Samgle No.:

Samgling location:
Date faken:

Time faken:

Fuel-gps analysis, volume fraction

gen:
Other inerts:
Tptal:

Remarks:

(%)

Ill. FUEL OIL SAMPLE
Sample taken by:

Sample No.:

Sampling location:

Date taken:

Time taken:

Sample temperature, °C (°F):

Analysis, mass fraction (%)

Carbon:
Hydrogen:

© 1SO 2012 - All rights reserved
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LABORATORY DATA SHEET Job No.:
Date of report:
Page 2 of 2

Carbon-hydrogen ratio®:
Sulfur:
Ash:
Nitrogen:
Oxygen:
Water:
Other:
Total:
Calorimeter hegting value:
Vanadium, mg/kg (ppm):
Sodium, mg/kg|(ppm):
Density, kg/m3[°API):
Additive used:

IV. PROCESS STREAM SAMPLE
Sample taken Qy:
Sample No.:
Sampling location:

Date taken:

Time taken:

Sample test conditions
Temperature| °C (°F):
Pressure, kP (psig):

Name of fluid
Density, kg/m?® (°API):

Vapour relative molecular
mass:

ASTM liquid distillation
Initial boiling point:
10 % vaporizpd
20 % vaporiz
30 % vaporiz
40 % vaporiz
50 % vaporiz
60 % vaporiz
70 % vaporiz|
80 % vaporiz
90 % vaporiz
End point:

V. GENERAL C

Remarks:

a May be entered instead of carbon and hydrogen contents.
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RAW-TEST-DATA SHEET

. GENERAL INFORMATION

Owne
Unit:

r:

Job No.:

ISO 13705:2012(E)

Date of report:

Page 1 of 3

Plant location:

Site elevation:

Heate

r No.:

Service:

Manufacturer:

Test run date:

Test

un time:

Run No.:

Recol

ded by:

Il. GENERAL CONDITIONS

Ambi

bnt air temperature,

°C CK):

Wind
Wind
Plant

direction:
velocity, km/h (mph):
barometric pressure,

Pa (i Hg):
Radigtion loss, %:

Relat

ve humidity, %:

lll. COMBUSTION DATA

Fuel g
Flo
Flo
ba

bs
v-meter reading:
v-meter factor and data

Pr:Esure at flow meter,

kP{ (psig):
Temperature at flow

me
Pre

er, °C (°F):
Bsure at burners,

kP{ (psig):

Fuel of
Flo
Flo
ba

kP4
Ten
me

| (supply)
v-meter reading:
v-meter factor and data

Pr:Esure at flow meter,

(psig):
perature at flow
er,.>C (°F):

Pre

ssure at burners,

kPa (psig):

Fuel o

il (return)

Flow-meter reading:

Flow-meter factor and data

bas

e:

Pressure at flow meter,
kPa (psig):
Temperature at flow
meter, °C (°F):

©I1SO
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RAW-TEST-DATA SHEET

Atomizing medium

Flow-meter re

ading:

Flow-meter factor and data

base:

Pressure at flow meter,

kPa (psig):

Temperature at flow

Job No.:

Date of report:

Page 2 of 3

meter, °C (°F):

Pressure at Qurners,

kPa (psig):

IV. PROCESS-$

Flow

Flow-meter r¢
Flow-meter f4

Flow pressurg

kPa (psig):

TREAM DATA?

ading:
ctor:
in,

Flow tempergture in,

°C (°F):

Flow pressurg out,

kPa (psig):

Combined temperature

out, °C (°F):
Steam injection
Location:

Total consuni
kg/h (Ib/h):

ption,

V. AIR AND FLUE GAS DATA

Pressure, Pa (in

Draught at by

H,0)

rners:

Draught at firgbox roof:

a Similar data should be recorded for secondary streams such as boiler feed water, steam generation and steam superheat.
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RAW-TEST-DATA SHEET Job No.:

Date of report:

ISO 13705:2012(E)

Page 3 of 3

Run No.

Run No.

Run No.

Traverse readings Aver-
Temperature, °C (°F) age

Traverse readings

Aver-
age

Traverse readings

Aver-
age

Air into preheater:

Air out of preheater:

Flue gas out of preheater?:

Flue gas in stack®:

Flue gps analysis, volume fraction (%)

Oxygen content?;

Q

pmbustibles and carbon
onoxide:

3

VI. ASSOCIATED EQUIPMENT

Air hegter

Narheplate size:

Type:

Byass (open/closed):

External preheat (on/off):

Burnefs

No.|in operation:

Type of fuel:

Burper typeb:

Rematks:

Readings shall\be taken after the last heat-absorbing surface.

The burnertype should be designated as ND (natural-draught), FD (forced-draught) or FD/PA (forced-draught preh

© 1SO 2012 - All rights reserved
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G.5 Model format for work sheets

LOWER MASSIC HEAT VALUE (LIQUID Job No.:

Date of report:
FUELS) WORK SHEET Page 1 of 1

Higher massic heat value (#,,), from calorimeter test, in kd/kg (Btu/Ib) of fuel:

Carbon-hydrogen ratio (CHR), from analysis:

Impurities, from analysis, mass fraction (%)
Water vapour:
Ash:
Sulfur:
Sodium:
Other:
Total (2):

% hydrogen = (100 — Z)/(CHR + 1,0)
In Sl units:

hy = hy, - (9 x 2 64,9 x % hydrogen/100), in kJ/kg of fuel

In USC units:
hy = hy = (9% 1P59,7 x % hydrogen/100), in Btu/Ib of fuel
% carbon = 100|- (% hydrogen + Z):

INSTRUCTION$

Calculate the vglues for % hydrogen, lower massic heat value (% ) and % carbon. Enter these values in the appropriate columng of the
combustion work sheet.
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COMBUSTQT, r\::lt(s)RK SHEET JD‘;?GN;}-;epo -
Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative Total mass Net heating value | Heating value
fraction molecular mass
% kg kJd/kg kJ
CarbprS 426
Hydrpgen, H, 2,016 120 000
Oxygden, O, 32,0 —
Nitrogen, N, 28,0 —
Carbpn monoxide, CO 28,0 10.100
Carbpn dioxide, CO, 44,0 —
Methgne, CH, 16,0 50 000
Ethane, C,Hg 30,1 47 490
Ethylene, C,H, 28,1 47 190
Acetylene, C,H, 26,0 48 240
Propgne, C;Hg 44 1 46 360
Propylene, C5Hg 421 45 800
Butape, C,H,, 58,1 45750
Butylene, C,Hg 56,1 45170
Pentane, CH,, 2,1 45 360
Hexane, CgH, 4 86,2 45100
Benzene, CgHg 78,1 40 170
Methgnol, CH;0H 32,0 19 960
Ammonia, NH, 17,0 18 600
Sulfur, S 32,1 —
Hydrpgen sulfide, H5S 34,1 15 240
Watgr, H,O 18,0 —
Tota
Total per kg of fuel

INSTRUCTIONS

If composition is expressed as volume fraction (%), insert in column 1; if composition is expressed as mass fraction (%),
insert in column 3. Add all of the columns on the “Total” line and divide all of the column totals by the column 3 total to
obtain the values for the “Total per kg of fuel” line. The excess air and relative humidity work sheet and the stack loss work
sheet use the totals per kg of fuel to calculate stack loss; for example, if one of the work sheets asks for “kg of CO,”", the
value is taken from the “Total per kg of fuel” line in Column 9.
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COMBUSTISC:l: r\II:ItCs)RK SHEET JD‘;‘;eN;fﬁrepo —
Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 Column 11 Column 12 Column 13
(3x6) (3x8) (3x10) (3x12)
Air required | Air required | CO, formed | CO, formed | H,O formed | H,O formed | N, formed N, formed
kg of air kg kg of CO, kg kg of H,O kg kg of N, kg
per kg per kg per kg per kg
11,51 3,66 — 8,85
34,29 — 8,94 26,36
—4,32 — — -3,32
— — — 1,00
2,47 1,57 — 1,90
— 1,00 — —
17,24 2,74 2,25 13,25
16,09 2,93 1,80 12,37
14,79 3,14 1,28 11,36
13,29 3,38 0,69 10,21
15,68 2,99 1,63 12,05
14,79 3,14 1,28 11,36
15,46 3,03 1,55 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3,38 0,69 10,20
6,48 1,38 1,13 4,98
6,10 — 1,59 5,51
4,31 200 — 3,31
6,08 1,88 0,53 4,68
— — 1,00 —

a

results.

SO, shall be included in the CO, column. Although this is inaccurate, the usually small quantities will not affect any of the final
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COMBUS'LI(S)g L\Il\rll(izsRK SHEET JD‘;?GN;}-;epo -
Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative molecular Total mass Net heating value | Heating value
fraction mass British thermal British thermal
% pounds units per pound units
Carbon, C 12,0 —
Hydrogen, H, 2,016 51 600
Oxygen, O, 32,0 —
Nitrpgen, N, 28,0 —
Carpon monoxide, CO 28,0 4 345
Carpon dioxide, CO, 44,0 —
Methane, CH, 16,0 21 500
Ethane, C,Hg 30,1 20 420
Ethylene, C,H, 28,1 20 290
Acetylene, C,H, 26,0 20470
Propane, C;Hg 44 1 19 930
Propylene, C5Hg 42 1 19 690
Butgaine, C,H,, 58,1 19670
Butylene, C,Hgq 56,4 19 420
Perftane, CH,, 72,1 19 500
Hexane, CgH, 4 86,2 19 390
Berjzene, CgHg 78,1 17 270
Methanol, CH;OH 32,0 8 580
Ammonia, NH, 17,0 8 000
Sulfur, S 32,1 —
Hydrogen sulfide, HZS 341 6 550
Water, H,O 18,0 —
TotFI
Total per pound of fuel

INSTRUCTIONS

If composition is expressed as volume %, insert in column 1; if composition is expressed as mass %, insert in column 3.
Total all of the columns on the “Total” line and divide all of the column totals by the column 3 total to obtain the values for
the “Total per pound of fuel” line. The excess air and relative humidity work sheet and the stack loss work sheet use the
totals per pound of fuel to calculate stack loss; for example, if one of the work sheets asked for “pounds of CO,”", the value
would be taken from the “Total per pound of fuel” line in column 9.
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COMBUSLIgg L\Il\rl‘gEK SHEET JD‘;*;eN;ﬁrepo -
Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 Column 11 | Column 12 Column 13
(3x6) (3x8) (3x10) (3x12)
Air required | Air required | CO, formed |CO,formed| H,O formed |H,0 formed| N, formed N, formed
pounds of air|  pounds pounds of CO, |  pounds pounds of pounds | pounds of Ny pounds
per pound per pound H,0 per per pound
pound

11,51 3,66 — 8,85
34,29 — 8,94 26,36
—-4,32 — — -3,32

— — — 1,00

2,47 1,57 — 1,90

— 1,00 — —
17,24 2,74 2,25 13,25
16,09 2,93 1,80 12,37
14,79 3,14 1,28 11,36
13,29 3,38 0,69 10,21
15,68 2,99 1,63 12,05
14,79 3,14 1,28 11,36
15,46 3,03 1,55 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3,38 0,69 10,20

6,48 1,38 1,13 4,98

6,10 = 1,59 5,51

4,31 2,00 — 3,31

6,08 1,88 0,53 4,68

— — 1,00 —

a

results.

SO, shall be included in the CO2 column. Although this is inaccurate, the usually small quantities will not affect any of the final
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EXCESS AIR AND RELATIVE Job No.:
HUMIDITY WORK SHEET 2 Date of report:
S| units Page 1 of 2
Atomizing steam: kg per kg of fuel (assumed or measured)

CORRECTION FOR RELATIVE HUMIDITY (RH)

Pvapour « RH « 18
P 100 28,85

Moisture in air =

e e 18
1013,3 100 28,85
= kg of moisture per kg of air (a)
wherg
Py apofr = Vapour pressure of water at the ambient temperature, in mbar absolute (from steam tables);
P, =[1 013,3 mbar.
_ air required
kg of wet air per kg of fuel required ™ 1 _ moisture in air
- (7)
T - =X

e (b)

kg of moisture per kg of fuel = kg of wet air per kg of fuel required — air required

(b) (7)

(c)
kg of H,0 per kg of fuel = H,O formed + kg of\meisture per kg of fuel + atomizing steam

= (11)+ (c)+
=_ O (d)

CORRECTION FOR EXCESS/AIR P

kg ofexcess air per kg of fuel
N, formed N CO, formed N H,0 formed
28 44 18

(28,85x% 02(

kg of H,O ]H:I

20,95 -% O, || 1,602 8x - -
kg of air required

Percent excess air= kg of excess air per kg of fuel %100
air required

- ——0 100
@)
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EXCESS AIR AND RELATIVE Job No.:
HUMIDITY WORK SHEET 2 Date of report:
Sl units Page 2 of 2

Total kg of H,O per kg of fuel (corrected for excess air)

_ ( percent excess air
100

x kg of moisture per kg fuel}+ kg of H,0 per kg fuel

SN D)
= { 50X (c)—‘+ (d) (C)

@  All values uged in the calculations above shall be on a “per kg of fuel” basis. Numbers in parentheses indicate valugsto be takgn from

the “Total per kg fuel” line of the combustion work sheet, and letters in parentheses indicate values to be taken from“the corresppnding
lines of this worl sheet.

bof oxygen sgmples are extracted on a dry basis, a value of zero shall be inserted for line (e) where @.value is required from lipes (c)

and (d). If oxyggn samples are extracted on a wet basis, the appropriate calculated value shall be inserted:
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EXCESS AIR AND RELATIVE
HUMIDITY WORK SHEET 2
USC units
Atomizing steam:

ISO 13705:2012(E)

Job No.:
Date of report:
Page 1 of 2

pounds per pound of fuel (assumed or measured)

CORRECTION FOR RELATIVE HUMIDITY (RH)

P,
Moisture in air = ._vapour o RH 18
Py, 100" 28,85
B y L
" 14,696 100 28,85

vapoyr
P, =[14,696 psi.
Pounds of wet air per pound of fuel required =
1

= vapour pressure of water at the ambient temperature, in pounds per square inch absolute (from ste]

—moisture in air

(a)

pounds of moisture per pound of air

am tables);

air required

(7)

1

Poun

(

is of moisture per pound of fuel = pounds of wet air per pound of fu€l required — air required

)

(b)

b) - (%)

Poundls of H,0O per pound of fuel = H,O formed + pounds of moisture per pound of fuel + atomizing steam

(1)

(c)

(c) +

CORRECTION FOR EXCESS AIR P

Pounds of exeess air per

(d)

pound of fuel

(28,85x% O, N, formed + CO, formed N H,0O formed
28 44 18
20,95 - % O, || 1,602 8x pounds (.Jf HZO. 1
pounds of air required

Pounds excess air

© 1SO 2012 - All rights reserved

(e)

_ pounds of excess air per pound of fuel y
air required

100

() 100
(7)

()
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EXCESS AIR AND RELATIVE Job No.:
HUMIDITY WORK SHEET @ Date of report:
USC units Page 2 of 2

Total pounds of H,O per pound of fuel (corrected for excess air)

= [percent excess ar xpounds of moisture per pound fueIJ+ pounds of H,0 per pound fuel

100
(f)

= I C + d

{ 100 (c) (d)
= )
a All values [used in the calculations above shall be on a “per pound fuel” basis. Numbers in parentheses indicate values t6 bg taken
from the “Total|per pound fuel” line of the combustion work sheet, and letters in parentheses indicate values to be taken:fr¢gm the
corresponding lipes of this work sheet.

hes (c)

amples are extracted on a dry basis, a value of zero shall be inserted for line (e) where a value is required from li

b If oxygen
n samples are extracted on a wet basis, the appropriate calculated value shall be inserted.

and (d). If oxygq
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STACK LOSS WORK SHEET Job No.:
Date of report:
Page 1 of 1
Exit flue gas temperature, Tg: °C (°F)
Column 1 Column 2 Column 3

Component

Component formed

kg (Ib) per kg (Ib) of fuel

Enthalpy at T

kJ/kg formed (Btu/lb formed)

Massic heat content

kJ/kg of fuel (Btu/lb of fuel)

Carpon dioxide

Wafer vapour

Nitrpgen

Air

Total

INSTRUCTIONS

In column 1 above, insert the values from the “Total per kg of fuel” line of the combustion work sheet for ¢arbon dioxide
(colurhn 9) and nitrogen (column 13). Insert the value from line (e) of the exCess air and relative humidity wofk sheet for air,

and insert the value from line (g) of the excess air and relative humidity wiorksheet for water vapour.

In colpmn 2 above, insert the enthalpy values from Figures G.6 andG.7 for each flue gas component.

In colimn 3 above, for each component insert the product of thi€ value from column 1 and the value from cojumn 2. This is

the mpssic heat content at the exit gas temperature.

Total the values in column 3 to obtain the massic heat lossto the stack, /.

Theregfore,

hs = Zmassic heat content at 7, =

kd/kg (Btu/lb) of fuel

© 1SO 2012 - All rights reserved
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YA
2 326 (1 000)

2 093 (900)

1861 (800)

1628 (700)

1396 (600 ]

1163 (500

930 (400

696 (300 2

465 (200

233 (100 sassias 4

204 260 316 371 427 482 538 593 649 704 760 816 811 X
) (400) (500) (600) (700) (800) (900).(1 000)(1 100)(1 200)(1 300)(1 400)(1 500)(1 6p0)

(IHH

—
A
o
(=)

—

—
W =

temperatyre, expressed in degrees Celsius (degrees Fahrenheit)
enthalpy gbove 15 °C, kd/kg (60 °F)

water vappur

carbon monoxide

carbon digxide

AW N 2 <X

sulfur dioXide

NOTE Figure G.6 is taken from Reference [38], pp. 14-23.

Figure G.6 — Enthalpy of H,0, CO, CO, and SO,
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Yi
1163 (500)

1 046 (450)

930 (400)

812 (350)

6-(300)
6 \ 7

581 (250)

i

55 (200)

w

19 (150)

N

B3 (100)

17 (50) 4

oL X
93 149 204 260 316 371 427 4B2 538 593 649 704 760 8l6 871X
(200) (300) (400) (500) (B00) (700) (800).(900) (1000)(1 100)(1 200)(1 300)(1 400)(1 H00)(1 600)

tgmperature, expressed in degrees Celsius (degrees' Fahrenheit)
ehthalpy above 15 °C, kJ/kg (60 °F)
njtrogen

alr

okygen

W N = <X

NOTEH Figure G.7 is taken from\Reference [38], pp. 14-23.

Figure G.7 — Enthalpy of air, O, and N,
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G.6 Sample work sheets for an oil-fired heater with natural draught

NOTE See G.3.2.2.

LOWER MASSIC HEAT VALUE Job No.: _Sample Work Sheet for G.3.2.2
(LIQUID FUELS) WORK SHEET Date of report:
Sl units Page 1 of 1
Higher massic heat value (i), from calorimeter test, in kd/kg of fuel: 42 566
Carbon-hydroLen ratio (CHR), fronTanatysis: 8,065
Impurities, froq analysis, mass fraction (%)

Water vapour:

Ash:

Sulfur: 1,80

Sodium:

Other: 0,95

Total (2): 2,75
% hydrogen =|(100 — Z) / (CHR + 1,0) 10,73
h=hy— (9 x R 464,9 x % hydrogen/100), in kd/kg of fuel: 40 186
% carbon = 170 — (% hydrogen + Z): 86,52

INSTRUCTIONS

Calculate the palues for % hydrogen, lower massic heat\walue (4.) and % carbon. Enter these values in the apprdpriate
columns of thg combustion work sheet.
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Job No.: Sample Work Sheet for G.3.2.2

COMBUSTISC:I\:"\II:ItCS)RK SHEET Date of report:
Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative Total mass Net heating value | Heating value
fraction molecular mass
% kg kJ/kg K
Carbpn, C 12,0 0,865 2 —
Hydrpgen, H, 2,016 0,107 2 120 000
Oxygen, O, 32,0 —
Nitrogen, N, 28,0 —
Carbpn monoxide, CO 28,0 10 100
Carbpn dioxide, CO, 44,0 —
Methne, CH, 16,0 50 000
Ethape, C,Hg 30,1 47 490
Ethylene, C,H, 28,1 47 190
Acetylene, C,H, 26,0 48 240
Propgne, C;Hg 44 1 46 360
Propylene, C5Hg 421 45 800
Butape, C,H,, 58,4 45750
Butylene, C,Hgq 56,1 45170
Pentane, CH,, 72,1 45 360
Hexane, CgH, 4 86,2 45100
Benzene, CgHg 78,1 40 170
Methgnol, CH;OH 32,0 19 960
Ammonia, NH, 17,0 18 600
Sulfur, S 32,1 0,018 0 —
Hydrpgen sulfide)H,S 34,1 15 240
Watgr, H,Q, 18,0 —
Inert 0,009 5
Total 1,000 0
Total per kg of fuel 1,000 0
INSTRUCTIONS

If composition is expressed as volume fraction (%), insert in column 1; if composition is expressed as mass fraction (%),
insert in column 3. Add all of the columns on the “Total” line and divide all of the column totals by the column 3 total to
obtain the values for the “Total per kg of fuel” line. The excess air and relative humidity work sheet and the stack loss work
sheet use the totals per kg of fuel to calculate stack loss; for example, if one of the work sheets asked for “kg of CO,,” the
value would be taken from the “Total per kg of fuel” line in column 9.
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COMBUSTISC:N VYORK SHEET \IJDc;lieN;)f.:reggg?ple Work Sheet for G.3.2.2
units Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 Column 11 | Column 12 | Column 13
(3 x6) (3x8) (3x10) (3x12)
Air Air CO, CO, H,O H,O N, N,
required required formed formed formed formed formed formed
kg of air kg kg of CO, kg kg of H,O kg kg of N, kg
per kg per kg per kg per kg
11,51 9,958 3,66 3,167 — 8,85 7,65
34,29 3,679 — — 8,94 0,959 26,36 2,82B
-4,32 — — -3,32
— — — 1,00
2,47 1,57 — 1,90
— 1,00 — -
17,24 2,74 2,25 13,25
16,09 2,93 1,80 12,37
14,79 3,14 1,28 11,36
13,29 3,38 0,69 10,21
15,68 2,99 1,63 12,05
14,79 3,14 1,28 11,36
15,46 3,03 1,65 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3,38 0,69 10,20
6,48 1,38 1,13 4,98
6,10 — 1,59 5,51
4,31 0,078 2,00 0,036 — 3,31 0,06p
6,08 1,88 0,53 4,68
— — 1,00 —
13,715 3,203 0,959 10,545
135715 3,203 0,959 10,545
a SO, shall be included in the CO, column. Although this is inaccurate, the usually small quantities do not affect any of thq final
results.
222 © 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

EXCESS AIR AND RELATIVE HUMIDITY Job No.: _Sample Work Sheet for G.3.2.2

WORK SHEET 2 Date of report:
Sl units Page 1 of 2

Atomizing steam: __0,50 kg per kg of fuel (assumed or measured)
CORRECTION FOR RELATIVE HUMIDITY (RH)

_ Pvapour « RH 18

Moisture in air = —X
1013,3 100 28,85

349 Xﬂx 18
1013,3 100 28,85 (@)
= 0,0107 kg of moisture per kg of air

where
Pyapor = vapour pressure of water at the ambient temperature, in mbar absolute (from steam tables),
kg of wet air per kg of fuel ~_ air required
required " 1-moisture in air
13,715(7)
=13,86 (b)

kg of moisture per kg of fuel = kg of wet air per kg of fuel required — air required

= 13,86 (b)— _13.715 (7)
= 0,145 (c)

kg of H,0 per kg of fuel = H,O formed + kg of moisture per kg efftiel + atomizing steam.

= 0959 (11)+_0,145 )+ _0.50
= 1,604 (d)

CORRECTION FOR EXCESS AIR b
kg of excess air per kg of fuel

(28,85x% O, (Nz formed | CO, formed | H,0 fOrmedJ

28 44 18

20,95~% O, || 16028x—K90MH0 ) 4
kg of air required

10,545 3,203(9) 1,604(d
(28,85x5,0] — + 3,203(9) , 1.604(d)
§ == 44 18
0,145
20,95 5,0|( 1602 8x 2220 | ()
— 13,715(7)
= 4,896
Fercent excess air . Kg OT excess alr per Kg of Tuel %100
air required
_ 4,896(e)
13,715(7)
= 357 0
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EXCESS AIR AND RELATIVE HUMIDITY Job No.: _Sample Work Sheet for G.3.2.2
WORK SHEET Date of report:
Sl units Page 2 of 2

Total kg of H,O per kg of fuel (corrected for excess air)

100

_ | 357()
= { 750 ><O,145(c)}+1,604(d) (9

= [percent excess ar x kg of moisture per kg fuel}+ kg of H,0 per kg fuel

- 1656 _

a All values |used in the calculations above shall be on a “per kg of fuel” basis. Numbers in parentheses indicate values to bg taken
from the “TotaILper kg fuel” line of the combustion work sheet, and letters in parentheses indicate values to-be) taken frgm the
corresponding lines of this work sheet.

b If oxygen $amples are extracted on a dry basis, a value of zero shall be inserted for line (e) where a yalue is required from lipes (c)
and (d). If oxyggn samples are extracted on a wet basis, the appropriate calculated value shall be inserted-
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Job No.:__Sample Work Sheet for G.3.2.2

STACK LOSS WORK SHEET
S| it Date of report:
units Page 1 of 1
Exit flue gas temperature, 7,:_232 °C
Column 1 Column 2 Column 3
Component Component formed Enthalpy at 7 Massic heat content
kg per kg of fuel kd/kg formed kJ/kg of fuel

£ n H 1l 2 90 200 1
CC1I l'l.)\.ll T dIUI\I\.‘G \J,LU?I [S\>A%J 64 1
Whter vapour 1,656 407 67h
Nifrogen 10,545 227 2 391
Excess air 4,896 221 1081
Total 20,300 — 4738

INSTRUCTIONS
In column 1 above, insert the values from the “Total per kg of fuel” line of the combustion work sheet for ¢arbon dioxide
(column 9) and nitrogen (column 13). Insert the value from line (e) of the excess air and relative humidity work sheet for air,
and injsert the value from line (g) of the excess air and relative humidity, werk sheet for water vapour.

In colimn 2 above, insert the enthalpy values from Figures G.6 and G.7 for each flue gas component.

In colpmn 3 above, for each component insert the product of the value from column 1 and the value from coJumn 2. This is
the heat content at the exit gas temperature.

Total fhe values in column 3 to obtain the massic heat loss to the stack, 4.
Thergfore,

hs = Y heat content at T, =4 788kJ/kg of fuel
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LOWER MASSIC HEAT VALUE Job No.:_Sample Work Sheet for G.3.2.2
(LIQUID FUELS) WORK SHEET Date of report:
USC units Page 1 of 1
Higher massic heat value (%), from calorimeter test, in Btu/lb of fuel: 18 300
Carbon-hydrogen ratio (CHR), from analysis: 8,065

Impurities, from analysis, mass fraction (%)

Water vapour:

Ash:

Sulfur: 1,80

Sodium:

Other: 0,95

Total (2): 2,75
% hydrogen =|(100 — Z)/(CHR + 1,0) 10,73
L =hH — (9 x|1 059,7 x % hydrogen/100), in Btu/lb of fuel: 17 277
% carbon = 1(J0 — (% hydrogen + Z): 86,52
INSTRUCTIONS

Calculate the palues for % hydrogen, lower massic heat value () and % carbon. Enter these values in the apprdpriate
columns of thg combustion work sheet.
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Job No.: Sample Work Sheet for G.3.2.2

COMBUS'IL'lIggl LY:’\gEK SHEET Date of report:
Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative Total mass Net heating value | Heating value
fraction molecular mass pounds Br_itish thermal British thermal
% units per pound Units

Carbpr€ 426 06,8652

Hydrpgen, H, 2,016 0,107 3 51600

Oxygen, O, 32,0 —

Nitrogen, N, 28,0 —

Carbpn monoxide, CO 28,0 4345

Carbpn dioxide, CO, 44,0 —

Methne, CH, 16,0 21500

Ethape, C,Hg 30,1 20420

Ethylene, C,H, 28,1 20 290

Acetylene, C,H, 26,0 20 740

Propgne, C;Hg 44 1 19930

Propylene, C5Hg 42 1 19 690

Butape, C,H,, 58,1 19670

Butylene, C,Hgq 56,1 19420

Pentane, CH,, 72,1 19 500

Hexane, CgH, 4 86,2 19 390

Benzene, CgHg 78,1 17 270

Methgnol, CH;0H 32,0 8 580

Ammonia, NH, 17,0 8 000

Sulfur, S 32,1 0,018 0 —

Hydrpgen sulfide, HZS 341 6 550

Watgr, H,O 18,0 —

Inert 0,009 5

Tota 1.0000

Total per pound of fuel 1,000 0

INSTRUCTIONS

If composition is expressed as volume %, insert in column 1; if composition is expressed as mass %, insert in column 3.
Add all of the columns on the “Total” line and divide all of the column totals by the column 3 total to obtain the values for
the “Total per pound of fuel” line. The excess air and relative humidity work sheet and the stack loss work sheet use the
totals per pound of fuel to calculate stack loss; for example, if one of the work sheets asked for “pounds of CO,”", the value
would be taken from the “Total per pound of fuel” line in column 9.
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COMBUS'IL'lIggl L‘:\r"g:K SHEET \IJDc;lieNoof.:reggg?ple Work Sheet for G.3.2.2
Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 Column 11 Column 12 | Column 13
(3x6) (3x8) (3x10) (3x12)
Air required Air CO, formed | CO, formed | H,0 formed | H,O formed | N, formed | N, formed
pounds of air required pounds of CO, pounds pounds of H,O| pounds | pounds of N | pounds
per pound pounds per pound per pound per pound
11,51 9,958 3,66 3,167 — 8,85 7,657
34,29 3,679 — — 8,94 0,959 26,36 2,828
-4,32 — — -3,32
— — — 1,00
2,47 1,57 — 1,90
— 1,00 — —
17,24 2,74 2,25 13,25
16,09 2,93 1,80 12,37
14,79 3,14 1,28 11,36
13,29 3,38 0,69 10,21
15,68 2,99 1,63 12,05
14,79 3,14 1,28 11,36
15,46 3,03 1,55 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3,38 0,69 10,20
6,48 1,38 1,13 4,98
6,10 — 1,59 5,51
4,31 0,078 2,00 0,036 — 3,31 0,06p
6,08 1,88 0,53 4,68
- — 1,00 —
13715 3,203 0,959 10,545
13,715 3203 0,950 10,545
@ S0, shall be included in the CO, column. Although this is inaccurate, the usually small quantities do not affect any of the final
results.
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EXCESS AIR AND RELATIVE HUMIDITY Job No.: _Sample Work Sheet for G.3.2.2
WORK SHEET 2 Date of report:
USC units Page 1 of 2

Atomizing steam: __ 0,50 pounds per pound of fuel (assumed or measured)
CORRECTION FOR RELATIVE HUMIDITY (RH)
Pyapour Xﬁx 18
14,696 100 28,85
_ 0,506 8 Xﬂx 18
14,696 100 28,85 (a)
= 0,010 7 pounds of moisture per pounds of air

Moisture in air =

wherg

Ppour = Vapour pressure of water at the ambient temperature, in pounds per square inch.absolute (from steam tables).

_ air required

" 1—moisture in air
13,715 (c) (b)

1-0,010 7(a)

~13,86

Poungls of wet air per pound of fuel required =

Pounds of moisture per pound of fuel = pounds of wet air per pound of fuel required — air required

=13,86 (b) - 13,715 (7)
=0,145 (c)

Pounds of H2O per pound of fuel = H2O formed + pounds‘of moisture per pound of fuel + atomizing steam.

=0,959 (11) +0,1457(c) + 0,50
= 1,604 (d)

CORRECTION FOR EXCESS AIR P

Pounds of excess air per pound of fuel

(28,85x% 0, N, formed + CO, formed + H,0 formed
28 44 18

2005 - % O, Kmeoz gx__Pounds of H,0 J+1}

pounds of air required

(25,85%5,0 10,545(13) N 3,203(9) . 1,604(d)
B 28 44 18
20,95 -5,0([ 1,602 8x_214%(C) | 4 ()
13,715(7)
= 4,896
Percent excess air _ pounds of excess air per pound of fuel %100
air required
_ 4,896(e) <100
13,175(7)
= 35,7

(f)
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EXCESS AIR AND RELATIVE HUMIDITY Job No.:__Sample Work Sheet for G.3.2.2
WORK SHEET Date of report:

USC units Page 2 of 2

Total pounds of H,O per pound of fuel (corrected for excess air)

_ [percent excess air

100 xpounds of moisture per pound fueIJ+ pounds of H,0O per pound fuel

_ [35,7(
= {100 ><0,145(c)}+1,604(d)

= 1,656

a All values [used in the calculations above shall be on a “per pound fuel” basis. Numbers in parentheses indicate¢alués to bg taken
from the “Total|per pound fuel” line of the combustion work sheet, and letters in parentheses indicate values,to“be taken fr¢gm the

corresponding lines of this work sheet.

b If oxygen $amples are extracted on a dry basis, a value of zero shall be inserted for line (e) where a¥alue is required from lihes (c)
and (d). If oxyggn samples are extracted on a wet basis, the appropriate calculated value shall be inserted-
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STACK LOSS WORK SHEET Job No.:__Sample Work Sheet for G.3.2.2
USC it Date of report:
units Page 1 of 1
Exit flue gas temperature, T,:_450 °F
Column 1 Column 2 Column 3

Component

Component formed

pounds per pound of fuel

Enthalpy at T

British thermal units per
pound formed

Heat content

British thermal units per
pound of fuel

Carpon dioxide 3,203 86 27546
Wafer vapour 1,656 175 289,80
Nitrpgen 10,545 97,5 1024,14
Air 4,896 95 465)12
Totdl 20,300 — 2 054,52

INSTRUCTIONS

In column 1 above, insert the values from the “Total per Ib of fuel” line of.the combustion work sheet for ¢arbon dioxide
(colurhn 9) and nitrogen (column 13). Insert the value from line (e) of the excess air and relative humidity wofk sheet for air,

and insert the value from line (g) of the excess air and relative humidity'work sheet for water vapour.

In colpmn 2 above, insert the enthalpy values from Figures G.6\and G.7 for each flue gas component.

In colimn 3 above, for each component insert the product-ofthe value from column 1 and the value from cojumn 2. This is
the hgat content at the exit gas temperature.

Total the values in column 3 to obtain the massic.heat loss to the stack, 4.

Theregfore,

s = Z heat content at 7, = 2(058,5 Btu/Ib of fuel
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G.7 Sample work sheets for a gas-fired heater with preheated combustion air from
an internal heat source

NOTE See G.3.2.3.

Job No.: Sample Work Sheet for G.3.2.3
Date of report:

COMBUSTION WORK SHEET
Sl units

Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative Total mass Net heating value | Heating value
fraction molecular mass kg kJ/kg KJ
%

Carbon, C 12,0 —
Hydrogen, H, 0,038 2 2,016 0,077 120 000 9240
Oxygen, O, 32,0 —
Nitrogen, N, 0,099 6 28,0 2,789 - —
Carbon monagxide, CO 28,0 10100
Carbon dioxige, CO, 44,0 —
Methane, CHj, 0,754 1 16,0 12,066 50 000 603 300
Ethane, C,Hq 0,023 3 30,1 0,701 47 490 33290
Ethylene, C,Hl, 0,050 8 28,1 1,428 47 190 67 387
Acetylene, C4H, 26,0 48 240
Propane, C;Hg 0,0154 441 0,679 46 360 31478
Propylene, C4Hg 0,018 6 421 0,783 45 800 35 861
Butane, C,H, 58,1 45750
Butylene, C,Hlg 56,1 45170
Pentane, C;H, 2,4 45 360
Hexane, CgHJ, 86,2 45100
Benzene, Cghlg 78,1 40 170
Methanol, CH,;OH 32,0 19 960
Ammonia, NH, 17,0 18 600
Sulfur, S 32,1 —
Hydrogen suljide, H,S 34,1 15 240
Water, H,0 18,0 —
Total 1+,6060 18,523 780556
Total per kg of fuel 1,000 0 1,000 42 140

INSTRUCTIONS

If composition is expressed as volume fraction (%), insert in column 1; if composition is expressed as mass fraction (%),
insert in column 3. Total all of the columns on the “Total” line and divide all of the column totals by the column 3 total to
obtain the values for the “Total per kg of fuel” line. The excess air and relative humidity work sheet and the stack loss work
sheet use the totals per kg fuel to calculate stack loss; for example, if one of the work sheets asked for “kg of CO,”, the
value would be taken from the “Total per kg of fuel” line in column 9.

232 © 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=16a458922b8a5bb5905ae3d9940695bf

ISO 13705:2012(E)

COMBUSTION WORK SHEET Job No.: Sample Work Sheet for G.3.2.3
Date of report:
Sl units Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 | Column 11 | Column 12 Column 13
(3x6) (3x8) (3x10) (3x12)
Air required | Air required | CO, formed CO, H,0 formed H,0 N, formed N, formed
kg of air kg kg of CO, formed kg of H,O formed kg of N, kg
per kg per kg kg per kg kg per kg
1,54 3,66 = 885
34,29 2,640 — 8,94 0,688 26,36 2,030
44,32 — — -3;32
— — — — 1,00 2,789
D 47 1,57 — 1,90
— 1,00 — —
17,24 208,018 2,74 33,061 2,25 27,149 13,25 159,875
16,09 11,279 2,93 2,054 1,80 1,262 12,37 8,671
14,79 21,120 3,14 4,484 1,28 1,828 11,36 10,222
13,29 3,38 0,69 10,21
15,68 10,647 2,99 2,030 1,63 1,107 12,05 8,182
14,79 11,581 3,14 2,459 1,28 1,002 11,36 8,895
15,46 3,03 1,55 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3;38 0,69 10,20
5,48 1,38 1,13 4,98
5,10 — 1,59 5,51
1,31 2,00 — 3,31
5,08 1,88 0,53 4,68
— — 1,00 —
265,285 44,088 33,036 206,664
14,322 2,380 1,784 11,157

a

results.

SO, shall be included in the CO, column. Although this is inaccurate, the usually small quantities do not affect any of the final
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Job No.: Sample Work Sheet for G.3.2.3

EXCESS AIR AND RELATIVE HUMIDITY

WORK SHEET @ Date of report:
Sl units Page 1 of 2

Atomizing steam: 0 kg per kg of fuel (assumed or measured)

CORRECTION FOR RELATIVE HUMIDITY (RH)
P
vapour RH " 18

Moisture inair =—+—
1013,3 100 28,85

4,87 50 18
t——+
(a)

0133~ 100 28,85
= 0,001 5 kg of moisture per kg of air

where

P = vapo,

vapour = Lir pressure of water at the ambient temperature, in mbar absolute (from steam tables).

_ air required
1-moisture in air
. ) 14,322 (7)
kg of wet air per kg of fuel required == (b)
1-0,015(a)

= 14,344

kg of moisture|per kg of fuel = kg of wet air per kg of fuel required — air required
=_14,344 (b)- _14,322 (7)=_0,022 (c)

kg of H,O per kg of fuel = H,O formed + kg of moisture per kg of fuel++ atomizing steam

= 1,784 (11)+_0,022 (c)©) 0
= 1,806 (d)

CORRECTION FOR EXCESS AIR P

kg of excess air per kg of/fuel
(28,85x% O, N formed + CO, formed + H,0 formed

20,96 3% 0,|[16028x  K9OTMH0 ) 4
kg of air required

11,157(13) 2,380(9) 1,806(d
(25,:85x3,5| 127(13)  2.38009)  1806(d)
== 28 44 18

20,95 —3,5”1,602 SX%)H—‘ ©

L\ +OZZ(TT ) J
= 3,201
_ kg of exce§s air F)er kg of fuel %100
air required
201
Percent excess air = MMOO (f)
14,322(7)

= 22,35
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EXCESS AIR AND RELATIVE HUMIDITY Job No.:__Sample Work Sheet for G.3.2.3

WORK SHEET Date of report:
Sl units Page 2 of 2

Total kg of H,O per kg of fuel (corrected for excess air)

_ ( percent excess air
100

{22,35 ()

x kg of moisture per kg fueIJ+ kg of H,0 per kg fuel

X 0,022(0)} +1,806(d) (9)

811

a All values used in the calculations above shall be on a “per kg of fuel” basis. Numbers in parentheses indicate vajues to be taken

from {

corresponding lines of this work sheet.

he “Total per kg fuel” line of the combustion work sheet, and letters in parentheses indicate values” to be|taken from the

b If oxygen samples are extracted on a dry basis, a value of zero shall be inserted for line (e) where.a value is required from lines (c)

and (d). If oxygen samples are extracted on a wet basis, the appropriate calculated value shall be inserted.

235
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Job No.: _Sample Work Sheet for G.3.2.3
Date of report:

STACK LOSS WORK SHEET

SI Units Page 1 of 1
Exit flue gas temperature, T,:_148,9 °C
Column 1 Column 2 Column 3
Component Component formed Enthalpy at 7 Massic heat content
kg per kg of fuel kd/kg formed KJ/kg of fuel
Carbon dioxige 2-336 116-3 2765
Water vapqur 1,811 244 2 442.,3
Nitrogen 11,157 139,6 155711
Excess air 3,201 133,7 471,3
Total 18,549 — 27474

INSTRUCTIONS
In column 1 above, insert the values from the “Total per kg of fuel” line of the combdstion work sheet for carbon dioxide
(column 9) andl nitrogen (column 13). Insert the value from line (e) of the excess air‘and relative humidity work sheet ffor air,
and insert the value from line (g) of the excess air and relative humidity work sheet for water vapour.

In column 2 aljove, insert the enthalpy values from Figures G.6 and G.7 for.each flue gas component.

In column 3 alpove, for each component insert the product of the value from column 1 and the value from column 2. This is
the heat content at the exit gas temperature.

Total the valugs in column 3 to obtain the massic heat loss tothe stack, 4s.
Therefore,

hg = Z neat content at 7, =2 747,4 kJ/kg'ef fuel
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Job No.:__Sample Work Sheet for G.3.2.3

COMBUSTION WORK SHEET
USC units Date of report:
Page 1 of 2
Column 1 Column 2 Column 3 Column 4 Column 5
(1x2) (3x4)
Fuel component Volume Relative Total mass Net heating value | Heating value
fraction molecular mass British thermal i
o pounds units per pound BrltlsSntirt]:rmal

Carbon, C 12,0 —
Hydrpgen, H, 0,038 2 2,016 0,077 0 51 600 3973
Oxygen, O, 32,0 —
Nitrogen, N, 0,099 6 28,0 2,789 — —
Carbpn monoxide, CO 28,0 4,345
Carbpn dioxide, CO, 44,0 —
Methgne, CH, 0,754 1 16,0 12,066 21 500 259 410
Ethape, C,Hg 0,023 3 30,1 0,701 20 420 14 321
Ethylene, C,H, 0,050 8 28,1 1,428 20 290 28 964
Acetylene, C,H, 26,0 20 740
Propgne, C;Hg 0,0154 441 0,679 19 930 13535
Propylene, C5Hg 0,018 6 42,1 0,783 19 690 15418
Butape, C,H,, 58,1 19 670
Butylene, C,Hgq 56,1 19 420
Pentane, C;H,, 72,1 19 500
Hexane, CgH, 4 86,2 19 390
Benzene, CgHg 78,1 17 270
Methganol, CH,OH 32,0 8 580
Amironia, NH4 17,0 8 000
Sulfur, S 32,1 —
Hydrpgen sulfide, H,S 34,1 6 550
Watgr, H,O 18,0 —
Tota 1,000 0 18,523 335 623
Totallperpound-offuel 1.0000 1,000 18120

INSTRUCTIONS

If composition is expressed as volume %, insert in column 1; if composition is expressed as mass %, insert in column 3.
Total all of the columns on the “Total” line and divide all of the column totals by the column 3 total to obtain the values for
the “Total per pound of fuel” line. The excess air and relative humidity work sheet and the stack loss work sheet use the
totals per pound fuel to calculate stack loss; for example, if one of the work sheets asked for “pounds of CO,”", the value
would be taken from the “Total per pound of fuel” line in column 9.
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Job No.: Sample Work Sheet for G.3.2.3

COMBUSTION WORK SHEET
USC units Date of report:
Page 2 of 2
Column 6 Column 7 Column 82 Column 9 Column 10 | Column 11 | Column 12 Column 13
(3x6) (3x8) (3x10) (3x12)
Air required | Air required | CO, formed CO, H,0 formed H,0 N, formed N, formed
pounds of air pounds pounds of CO, formed pounds of formed pounds of N, pounds
per pound per pound pounds H,0 per pounds per pound
pound
11,51 3,66 — 8,85
34,29 2,640 — 8,94 0,688 26,36 2,03p
-4,32 — — -3,32
— — — — 1,00 2,78p
2,47 1,57 — 1,90
— 1,00 — —
17,24 208,018 2,74 33,061 2,25 27,149 13,25 159,8y5
16,09 11,279 2,93 2,054 1,80 1,262 12,37 8,671
14,79 21,120 3,14 4,484 1,28 1,828 11,36 16,232
15,68 2,99 1,63 10,21
14,79 10,044 3,14 2,132 1,28 0,869 12,05 8,18p
13,29 10,407 3,38 2,647 0,69 0,540 11,36 8,89p
15,46 3,03 1,55 11,88
14,79 3,14 1,28 11,36
15,33 3,05 1,50 11,78
15,24 3,06 1,46 11,71
13,27 3,38 0,69 10,20
6,48 1,38 1,13 4,98
6,10 > 1,59 5,51
4,31 2,00 — 3,31
6,08 1,88 0,53 4,68
— — 1,00 —
263500 44 377 32,336 206 6644 3
14,226 2,396 1,746 11,157

@8 S0, shall be included in the CO, column. Although this is inaccurate, the usually small quantities do not affect any of the final

results.
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EXCESS AIR AND RELATIVE HUMIDITY Job No.: Sample Work Sheet for G.3.2.3
WORK SHEET @ Date of report:
USC units Page 1 of 2

Atomizing steam: _0 pounds per pound of fuel (assumed or measured)
CORRECTION FOR RELATIVE HUMIDITY (RH)
Papour Xﬁx 18
14,696 100 28,85
_0,0707 xﬂx 18
14,696 100 28,85 (a)
0,0015 pound of moisture per pound of air

Moisture in air =

wherg
Ppour = Vapour pressure of water at the ambient temperature, in pounds per square inch absglute (from steam tables).

_airrequired
1—moisture in_air

_14,322(7)

"~ 1-0,015(a)

=14,344

Pounds of wet air per pound of fuel required

(b)

Poundls of moisture per pound of fuel = pounds of wet air per pound of fu€l required — air required

=_14.344 (b)- _14,322 (7)
- 0022 (©)

Poundls of H,O per pound of fuel = H,0O formed + pounds ©f moisture per pound of fuel + atomizing steam

=_1.784 (11)+_0.022 (c)+_0
=_1.806 (d)

CORRECTION FOR EXCESS AIRP

Pounds of excess air per pounds of fuel
N, formed | CO, formed | H,0 formed}

(28,85x%0,
28 44 18

2095 -% O, [(1,602 8x pounds of H,0 ]+1}

pounds of air required

(28,85x3,5 11,157(13) + 2,380(9) . 1,806(d)
28 44 18
20,95 -3,5([1,6028x 202200 | 4 (€)
14,322(7)
= 3,201
_ pounds of exce?ss air F)er pound of fuel %100
air required
Percent excess air = = mx 100 (f)
14,322,(7)
= 22,35
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EXCESS Al

2012(E)

R AND RELATIVE HUMIDITY Job No.: _Sample Work Sheet for G.3.2.3
WORK SHEET Date of report:
USC units Page 2 of 2

Total pounds of H,O per pound of fuel (corrected for excess air)

_ [percent excess air

100 xpounds of moisture per pound of fueIJ+ pounds of H,0 per pound of fuel

22,35(f
= ’7()>< 0,022(c) |+1,806(d) (9)
100 - —

= 1844
a All values Jused in the calculations above shall be on a “per pound fuel” basis. Numbers in parentheses indicate values to bg taken
from the “Total|per pound fuel” line of the combustion work sheet, and letters in parentheses indicate values to~be taken fr¢gm the
corresponding lines of this work sheet.
b If oxygen $amples are extracted on a dry basis, a value of zero shall be inserted for line (e) where aalue is required from lihes (c)

and (d). If oxyggn samples are extracted on a wet basis, the appropriate calculated value shall be insertgd:
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STACK LOSS WORK SHEET Job No.: _Sample Work Sheet for G.3.2.3
USC it Date of report:
units Page 1 of 1
Exit flue gas temperature, T:_300 °F
Column 1 Column 2 Column 3
Component Component formed Enthalpy at T Heat content

pounds per pound of fuel

British thermal units per

British thermal units per

petnd-formed pednd-of fuel
Cdrbon dioxide 2,380 50 119J00
Water vapour 1,811 105 19016
Nifrogen 11,157 60 66942
Air 3,201 57,5 202J61
Tofal 18,549 — 1181,19

INSTRUCTIONS

In column 1 above, insert the values from the “Total per Ib of fuel” lineof the combustion work sheet for ¢arbon dioxide
(column 9) and nitrogen (column 13). Insert the value from line (e) of the.excess air and relative humidity work sheet for air,

and injsert the value from line (g) of the excess air and relative humidity work sheet for water vapour.

In colimn 2 above, insert the enthalpy values from Figures G.6+and G.7 for each flue gas component.

In colpmn 3 above, for each component, insert the product of the value from column 1 and the value from ¢olumn 2. This
is the|heat content at the exit gas temperature.

Total the values in column 3 to obtain the massic heat loss to the stack, 4.

Theregfore,

hs = Z heat content at T, #1181,2 Btu/Ib of fuel

© 1SO 2012 - All rights reserved
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G.8 Sample work sheets for a gas-fired heater with preheated combustion air from
an external heat source

NOTE See G.3.24.
COMBUSTION WORK SHEET

The Combustion work sheet for this example is identical to the Combustion work sheet in Clause G.7 and has
not been duplicated here.
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