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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles .in’’the Technical Barriers to Tradel (TBT) see
www.iso.org/iso/foreword.html.

This[document was prepared by Technical Commiittee ISO/TC 192, Gas turbines.

Any feedback or questions on this documentshould be directed to the user’s national standprds body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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This document has been developed in response to the international market need for a specification
relating to the exhaust and heat recovery systems for gas turbines. Purchasers and suppliers will
benefit from a standard against which equipment can be purchased, designed and constructed -
especially given the challenging nature of the turbulent exhaust gas flow and associated complexity of
mechanical design. Equipment is frequently installed in remote and challenging locations both onshore
and offshore where maintenance and repair can be prohibitively expensive.

A waste heatrecovery unit recovers thermal energy from the waste heat available in gas turbine exhaust

gases, exchg
and hydrocd

The applicaf
and resulta
many sourc
range betwsg

rbon gases.

ion of heat recovery devices to gas turbines results in significant thermal efficiency
t environmental benefit from reduction in CO, emissions. Gas turbine exhaust is o
bs of waste heat energy and can be classed as medium grade within a typical temper;
en 400 °C and 600 °C suitable for Rankine cycle applications.
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Gas turbine exhaust systems with or without waste heat
recovery

1

2
The

cons
undg

ISO

soun

ISO 9

ISO

meth

ISO

Scope

document specifies requirements and gives recommendations for the design, materials of

eatrecovery steam generator equipment (HRSG);

q

gupplementary fired systems;

juxiliary fired systems;

bxhaust gas collector (also known as exhaust plenum);

fire detection and extinguishing systems;

emissions controls equipment intended, to modify the gaseous composition of the exha

WHRUSs that are of the firetube type,where the turbine exhaust gas (TEG) passes throug

Normative references

following documents_are’/referred to in the text in such a way that some or all of 4
fitutes requirements.of this document. For dated references, only the edition cited
ted references, thelatest edition of the referenced document (including any amendme
3744, Acoustics = Determination of sound power levels and sound energy levels of noise s
1 pressure “>Engineering methods for an essentially free field over a reflecting plane

614, Acoustics — Determination of sound power levels of noise sources using sound inten

d operation
WHRU). Gas
s industries,

between the

st gas;

rh the tubes.

heir content
applies. For
hts) applies.

ources using

ity

10494, Turbines and turbine sets — Measurement of emitted airborne noise — Engine

ering/survey

od

10474, Steel and steel products — Inspection documents

ISO 12241, Thermal insulation for building equipment and industrial installations — Calculation rules

ISO 13704, Petroleum, petrochemical and natural gas industries — Calculation of heater-tube thickness in
petroleum refineries

ISO 13705:2012, Petroleum, petrochemical and natural gas industries — Fired heaters for general
refinery service

[SO 13916, Welding — Measurement of preheating temperature, interpass temperature and preheat
maintenance temperature
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ISO 14122, Safety of machinery — Permanent means of access to machinery

[SO 14555, Welding — Arc stud welding of metallic materials

ISO 15612, Specification and qualification of welding procedures for metallic materials — Qualification by
adoption of a standard welding procedure specification

ISO 15613, Specification and qualification of welding procedures for metallic materials — Qualification
based on pre-production welding test

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

IS0 19902, §
ASME B16.9
ASME B31.3

ASTM C680
Insulated FI{

EN 287-1, Q4

EN 1011-2,
Ferritic Stee

EN 1991-1-4

EN 10025-7
structural st

EN 10025-3
normalized 1§

EN 10253-3
requirement

EN 13445-3
EN 13480, M
EN 15614, S}

3 Terms

For the pury

Petroleum and natural gas industries — Fixed steel offshore structures
Wrought steel butt-welding short radius elbows and returns
Petroleum Refinery Piping

110, Standard Practice for Estimate of the Heat Gain or Loss and the Surfdce Temperatu
it, Cylindrical, and Spherical Systems by Use of Computer Programs

lalification test of welders — Fusion welding — Steels

Welding — Recommendations for welding of metallic materials — Part 2: Arc Weldi
(s

Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions
, Hot rolled products of structural steels —\Technical delivery conditions for non
eels

, Hot rolled products of structural steels — Technical delivery conditions for normall
‘olled weldable fine grain structural stéels

, Butt-welding pipe fittings. Nen alloy and ferritic alloy steels with specific inspe
3

2014, Unfired pressure vessels — Part 3: Design
(etallic Industrial piping

becification and-qualification of welding procedures for metallic materials

and deéfinitions

os€s of this document, the following terms and definitions apply.

res of

ng of

alloy

ized/

iction

[SO and IEC

TIaiTTtai termminotogicat databases for use i standardization at thre fottowing address

— ISO Online browsing platform: available at https://www.iso.org/obp

31

IEC Electropedia: available at http://www.electropedia.org/

analogue control signal
control or digital signal that represents a continuous range of values

EXAMPLE

A traditional 4-20 mA current loop.
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commissioning
action whereby dynamic checks and tests where the GT is running, the exhaust system is subject to
TEG flow and the WHRU is filled with circulating HTMs, progressively loaded with control systems and
functioning

3.3
data
form

3.4

sheet
al document containing process and/or mechanical data

insu
matg
duct
resp

3.5

pre-
stati
cont}

3.6
purd
party

Note
instr
some

3.7

cont
part)
(3.2)

Note

3.8

supp
part)
purc

39

WHRU tube bundle
hairpin tube bundle arrangement contained within a rectangular casing, or a nested helica
arrapgement contained within a cylindrical casing

at;uu

rial applied to either the inside or outside of the exhaust system component casings
ng, stacks, dampers) in order to reduce the casing material or outer cladding t
bctively

commissioning
C checks and tests where the exhaust system is cold and the WHRU is'not filled with H
‘ols are energized

haser
y that enters into contract with the supplier (3.8) for the Supply of the exhaust system

1 to entry: The purchaser is the party who specifies thé technical requirements. The purch
ict a contractor (3.7), an agent or consultant, authorizéd to act for, and on his behalf. The pur
cases also be the GT supplier.

ractor
/ that carries out all or part of the desigh, engineering, procurement, construction, co
or management of a project or operation of a facility

1 to entry: The purchaser (3.6) can choose to undertake all or part of the duties of the contract]
lier

F that manufactures(or ‘supplies equipment and services to perform the duties sped
haser (3.6)

(e.g. WHRU,
Pmperature,

[TM and the

aser can also
chaser can in

immissioning

or

ified by the

| coiled tube

4 Abbreviated terms

ALS Absolute limit state

CFD Computational fluid dynamics
CHT Conjugate heat transfer

CScc Chloride stress corrosion cracking
COTS Commercial off the shelf

DES Detached eddy simulation
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DFF
DLE
DNS
FAT
FEM
FPSO
FLS
FSI
GT
HART
HCF
HTM
ITP
LES
LCF
MLD
NDT
P&ID
PMI
PQR
PT
RANS

RFQ
SDRL
TEG
ULS
URANS
WHRU
WPQ
WPS

Design fatigue factor

Dry low emission

Direct numerical simulation
Factory acceptance test
Finite element method

Floating production storage and offloading

Fatigue limit state

Fluid structure interaction

Gas turbine

Highway addressable remote transducer
High cycle fatigue

Heat transfer medium
Inspection and test plan

Large eddy simulation

Low cycle fatigue

Multi louvre damper
Non-destructive test

Piping and instrument diagram
Positive material identification
Procedure qualification record

Penetranttest

Reynolds averaged Navier-Stokes CFD modelling (generally referring to mode

steady flow behaviour)
Request for quotation

Supplier document requirement list

Turbine exhaust gas

Ultimate limit state

Unsteady Reynolds averaged Navier-Stokes CFD modelling

Waste heat recovery unit
Welding procedure qualification

Welding procedure specification

lling
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5 Proposals

5.1 Purchaser’s responsibilities

The purchaser’s enquiry should include data sheets, checklist and other applicable information outlined
in this document. This information should include any special requirements or exceptions to this
document (see Annex C).

The purchaser is responsible for the correct process specification to enable the supplier to carry out the
exhaust system design and manufacture.

The purchaser is responsible to clearly state the supplier’s scope of supply.

The purchaser’s enquiry should specify the number of copies of drawings, data sheéts,”specifications,
data|reports, operating manuals, installation instructions, spare parts lists and 'Other] data to be
provided by the supplier.

5.2 | Supplier’s responsibilities
The gupplier’s proposal should include:
a) dlata sheets for each exhaust system and the associated equipment;

b) 4n outline drawing showing as a minimum, layout and ¢learances, arrangement of tybe bundles,
latforms, ducting, damper systems and stack;

) definition of the extent of shop assembly, includittg the number, size and weight of prefabricated
arts and the number of field welds;

d) adetailed description of any exceptions to.the specified requirements including this ddcument;
e) completed noise data sheet if specified"by the purchaser;
f) time schedule for submission of all required drawings, data and documents;

g) a program for scheduling the'work after receipt of an order; this should include a spedified period
f time for the purchaser to)review and return drawings, procurement of materials, tnanufacture
nd the required date of\siipply;

h) alist of utilities and-Quantities required;

i) if specified by the purchaser, a list of proposed sub-suppliers for major component$ and items,
hich can include steel plate, insulation materials, expansion joints, tubes and extended surfaces on

ubes, fitfings, tube bundle fabrication, dampers, castings, steel fabrication, ladders and platforms

nd othierauxiliary equipment.

atspecified

damper, actuators and seals are examples of such components.

6 Basic exhaust system design

6.1 General

GT exhaust systems can be with or without a WHRU and damper system which recovers heat from the
exhaust of a GT and exchanges this heat into HTM to supplement the thermal requirements of another
process. The WHRU enhances the thermal efficiency of the cycle with minimal impact on the operation
of the GT itself.

© IS0 2020 - All rights reserved 5
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6.2 Exhaust system configuration

Each exhaust system should normally be connected to its own GT. In the event that more than one GT
is connected to an exhaust system, then special considerations would apply which are not covered in
detail in this document.

6.3 Service life

Unless otherwise stated by the purchaser, the design, selection of equipment and materials and
corrosion protection shall be based on a design lifetime of 20 years with 30 starts/stops from cold to
full load per year. The supplier should supply the service life and minimum uninterrupted operation
interval baged on each specific application. The maintenance procedure necessary to achieve. these
intervals shpuld also be supplied.

NOTE Fqr highly cyclic GT applications, e.g. in single cycle mode, where the start/stop cycles aj€ signifidantly
more frequernt, the risk of fatigue on various parts of the WHRU increases.

6.4 Supply responsibility

Supply responsibility for the exhaust system should be either with the GT Supplier or contracted
directly betveen the purchaser and the exhaust system supplier.

6.5 GT characteristic data

If the exhapist system is purchased under the GT supplier responsibility then the GT supplier is
responsible|to provide the required dimensional, acoustic, théfmal, flow characteristics (steady state
and transient) and mechanical information to the exhaust system supplier as specified in this docuinent.

In the event|that the purchaser contracts directly with\the exhaust system supplier then it becomgs the
purchaser’s|responsibility to obtain this data fromche GT supplier and pass it on the exhaust syjstem
supplier.

6.6 Required operating envelope

The purchaser is responsible to define\the equipment’s required operating envelope which should be
shown on the data sheets includingany dry run requirements as defined in 9.3.2.

The supplier is responsible for-ensuring that all items of equipment and components provided are
designed fof the specified operating conditions.

The supplier shall ensurethat the equipment takes account of all potential applied loads (typically
seismic, trapsportationj wind loads, etc.).

6.7 Equi]rment specification

The exhaust system should be proven in practice, robust, reliable, safe, operable and maintainable.

The exhaust system should be based on the least number of factory-built modules consistent with
transport and site erection dimensional and weight restrictions.

The exhaust system shall be designed and constructed to meet all operational cases specified in the RFQ.

6.8 WHRU equipment specification

Materials of construction for the tube bundle pressure parts shall be selected from internationally
recognized material codes. The supplier’s data sheets shall clearly state the location(s) of each material.

6 © IS0 2020 - All rights reserved
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The WHRU shall be designed to provide the required performance with no negative tolerance. The
design shall consider the selected fouling factor and required degree of over-surface to ensure that
these requirements are met.

NOTE

The HTM can typically be the following:

(i) awater/glycol solution;

(ii) hot oil/thermal oil;

(iii) water;

(iv)

Int
pres

6.9

Each
duct
ama

6.10

The
cond
is in
hum
and
spec

If sul
proc

6.11 Equipment arrangement

The
purc
thel

The purchaser/is responsible for specifying any weight limitations (e.g. maximum tota
weight, maximum lifted weight). If no such limitations exist, at least the total equipment
applicable margin (e.g. +10 %) should be included in the supplier's proposal.

:]e final selection of the HTM, due consideration should be given to operating temps

sures, the degradation limits, surface tension, toxicity, flammability and corrosjveness

Operating conditions

component of the exhaust system (e.g. WHRU tube bundle and_supports, casings
vork, dampers, etc.) shall be capable of withstanding the most severe temperature sy
rgin as defined in Clause 8.

Operating environment

equipment, including all auxiliaries, shall be designed for operation under the en
litions specified by the purchaser. These conditions should include whether the
doors (heated or unheated) or outdoors, maximum and minimum temperatur
dity, and dusty or corrosive conditions, windy earthquake and/or sea motions durir
ransport. The unit and its auxiliaries shallbe designed for shipment and installatig
fied conditions.

p-zero ambient temperatures are specified by the purchaser, then appropriate mater
bdures should be applied.

irrangement of the equipment, including piping and auxiliaries, should be developed j
haser and the supplier. It is the purchaser’s responsibility to identify dimensional lin

ratures and
of the HTM.

and linings,
ecified plus

yironmental
installation
es, unusual
g operation
n under the

als and test

intly by the
hitations for

cation of the exhatiSt system including space required for tube bundle and/or tube removal as well
as arly handling weight limitations that apply. The arrangement should be submitted by th
the purchaser for{eview and agreement during the proposal phase.

b supplier to

equipment
weight with

6.12 Provision for future addition of WHRU

Where specified by the purchaser, the exhaust system shall include provision for future installation of a
WHRU. This should include the bolted panel sized for the full exhaust flow to which a future WHRU can
be connected. It should also include bolted duct section which can be replaced with a future damper or
diverted system.

6.13 Electrical equipment

Motors, electrical components, and electrical installations shall be certified for the area classification
specified (class, group, and division or zone).

© ISO
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6.14 Field assembly and disassembly

The supplier shall state in the proposal the proposed method for the disassembly required for repair
or replacement of exhaust system parts such as expansion joints, WHRU, dampers or silencers. While
tube failures are rare, if specified by the purchaser, the design shall include provision for tube bundle
pressure part repair or replacement.

6.15 Special tools and fixtures

If special tools and fixtures are required to disassemble, assemble or maintain the unit, they shall be
included in the supplier’s proposal and furnished as part of the initial supply of the equipment. For
multi-unit ipstallations, the requirements for quantities of special tools and fixtures should beagreed
between the purchaser and the supplier.

6.16 Spar¢ parts

Spare parts|supplied with the main equipment delivery shall be identical to the fitted parts.

6.17 Deviations

All proposegl deviations of the supplier’s equipment from this document shall be listed by the sup
with the bid|.

plier

7 Documentation

7.1 Generfal

and
htion
bn to

The supplier should provide all drawings, design details, calculations, and analysis, operation
maintenancg manuals, and other information necessary for the design assessment, erection, oper
and maintenance of the exhaust system installation. All information should be clear and not op
misinterpretation and shall apply specifically to the installation supplied.

The purchas

The purcha
supplier.

Unless othe
electronic f(

All calculati

er should specify which documentation is required to be provided in a local language.

ser should specify the fopmat and number of copies of documentation required fron

rwise specified @Gnd agreed by the purchaser all documentation should be submitt
rmat.

pns and dodumentation shall be prepared using the agreed unit system for the project

h the

bd in

7.2 Data shéets

Data sheets should be used Tor the exchange of specification related information between the purchaser
and the supplier. The purchaser is responsible for providing the GT data and corresponding WHRU
thermal loads for the required duty envelope. The supplier shall provide completed data sheets with
confirmation that performance requirements are met.

The recommended data sheet format for WHRUSs is available for download using the link given in
Annex E.

7.3 Supplier document requirements
The purchaser should provide a SDRL for the exhaust system.

The supplier shall provide the documents listed in Table 1 for review unless otherwise specified by the
purchaser.

8 © IS0 2020 - All rights reserved
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The purchaser should specify which documents are subject to his approval.

Table 1 — Documentation to be provided by the supplier and reviewed by the purchaser

Document

Remark

Calculations demonstrating compliance with specification
requirements, including any pressure part and structural
design codes

Data sheets

Detailing process design and performance data at
all specified operating cases. Mechanical, materi-
als and construction data

Key dimensions and weight

Suppliers manufacturing data report

FAT procedure

Site performance acceptance test procedure

Gengral arrangement drawings

Showing locations of allinterfaces and
dimensions

major

Hazgrdous area and ingress protection certification for all
elecfrical components.

Welding and NDT data, including
— [WPS and PQR
WPQ

Weld map

[TP

NDT procedures

NDT personnel qualifications

Procedure for storage and handling of filler metals

Inspgction certificates for all metallic materials of con-
strugtion.

Material certificates in accordance with
ISO 104744, type 3.1 for all pressure pqrts and type
2 for materials of exhaust gas ducts/calsings.

The certificates shall satisfy the applicpble code
requirements.

Instgllation, operating’and maintenance instructions

Spark parts list

Commissioning and operational and stfrategic
spare parts lists

Pre-fommissioning and commissioning instructions

Prespure and capacity test certificates for any pressure

reliefvatves

Pressure test certificates for any fabricated pressure parts

Quality plan

Fan and motor curves and data sheets for all fans.

To include:

sound power levels and sound pressure levels

testreports

Sound power levels and sound pressure levels of the
equipment.

P&IDs and controls description including alarm and trip
points and cause and effect.

In accordance with appropriate ISO code and shall
be complete, comprehensive and consistent

a  Reference can also be made to EN 10204 with regards to material certificates.
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Table 1 (continued)

Document Remark
Tube bundle vibration and resonance analysis
Fluid, thermal and structural analysis See Annexes A and B
Structural dynamic analysis See Annexes A and B

Instrumentation calibration certificates and data sheet

3D outside d

imensional model

Packing list and handling instructions

Foundation

ading Diagraac S d oo o £ d
tr

a
oo gt g oo o Sapporc ot

Cross-sectio

hal drawings

Electrical/in

strument layouts

Insulation/1

ning details

Control phil

sophy and block diagrams

Electrical te

'mination and hook-up details

Interface ten

minal point list

Hydrostatic

pneumatic test procedure

Special tool |

ist

a  Referencg

can also be made to EN 10204 with regards to material certificates

8 Exhau

8.1 Oven

Exhaust sys

st system engineering and design

riew

tem components are listed below:

All GT exhauist ducts and transition sections

a) WHRU(
b) Damper
c) Stack;

5) (Refer also to Clause 9);

(s) (Refer also to Clause 10);

d) Silencinfg measures;

e) Expans
f) Structu

If WHRU an

on joints;
ral steel\supports.

d damper systems are included in the scope of supply refer also to Clauses 9 and 1l

WHRU proc

0 for

pss-design considerations and tube-bundle design requirements.

8.2 Typical WHRU configurations

There are several possible WHRU configurations. These are mainly characterised by different TEG flow
directions, and bypass and silencer arrangements.

8.3 General

As the basis of design for the exhaust system the purchaser is responsible to supply the geometry and
boundary conditions at battery limits under all specified design and operating conditions and cases, all

as detailed i

10

n Annex C.
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The purchaser should take account of the fact that the exhaust system downstream of the GT can affect
the flow conditions at the battery limit.

The purchaser should specify the maintenance philosophy to be applied in the design of the exhaust
system components.

The allowable pressure drop across the exhaust side should be agreed by the supplier and the purchaser,
and the supplier shall submit calculated pressure drop figures for each part of the system supplied,
with necessary backup information for approval.

The purchaser should ensure that the pressure drop over the entire exhaust system does not result in

the

NOTH
emis;

with

Flow]

Anngxes A and B.

com

8.5

8.5.

a)

b)

naximum allowable GT back pressure hping exceeded

The WHRU back pressure does reduce the shaft power and increase the fuel.cons
ion of the GT, hence the specified limits need to balance the desirability of the low back ptesg
the needs to provide a cost-effective exhaust system.

straightening devices are not recommended.

TEG flow-induced vibrations

uidance regarding the assessment of flow induced vibration of the exhaust system cas

can cause unacceptable vibration of the WHRU tube)bundle and casing or other exh

lier shall ensure that TEG vortex shedding frequencies do hot coincide with the acoustid
}onents.

Exhaust system casing and ducting

1 General

Lomponents should preferably be“¢old casing (internally lined). Hot casing designs al
ipproval from the purchaser.

q

Hot casing designs have greater thermal expansion and transient thermal stress. The
Mo change in insulation(design principle along the TEG flow path. If unavoidable (e.g
eéxhaust collector and celd casing exhaust system), the transition shall be designed by
e¢xpansion bellow where each flange of the bellow has the same insulation design and
the flange it is connected to.

INOTE Thedchoice of the insulation principle has significant influence on cost/complexi
inspections of the system. While a cold casing system can be inspected from the outside w
unning-{visual, thermographic), a hot casing system requires inspection from the inside

1
d¢ondition and mechanical integrity.

umption/CO,
ure at the GT

ings refer to

frequencies
aust system

e subject to

re should be
. hot casing
means of an
material as

y of routine
ile the GT is
fo determine

c¢) The’purchaserisresponsible for defining in the RFQ the extent of CED or other flaw testing of the
ducting.

d) Components should be of circular, square or rectangular construction.

e) For hot casing design, circular shape is preferable.

f) In the event of welded attachments inside the TEG path the supplier shall undertake thermal, flow

and mechanical analyses which shall be subject to the purchaser’s approval.

g) Transition pieces between duct sections of different cross-sectional areas shall be provided if

©IS

necessary. Abrupt transitions in cross-section should be avoided.

02020 - All rights reserved
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h)

j)
k)

D)

p)

q)

12

The flow distribution through any change of flow path (shape and direction) should be taken into
consideration for the overall system performance and service life (e.g. performance of WHRU,
damper, silencer and GT.

NOTE TEG mal-distribution is a particular feature of exhaust systems which can cause:
— preferential heating of the different passes of the coil;
— flow detachment from the duct wall and adverse effect to TEG pressure drop;

— adverse effect to silencer performance and lifetime;

— advefse effect to damper periformance and lifetime.

Expansjon joints should be of fabric or metallic construction and shall be provided in the flup gas
ducting|as necessary (refer to 8.8).

All components (including joints) shall be gas tight to provide zero TEG leakage.

Field joInts should be seal-welded insulated and lagged in the field during asseémbly. If this ifs not
practicgl due to maintenance philosophy or accessibility, extra attention-shiould be given tp the
design ¢f the field joint.

For the| component design the gas velocity shall be determined-with due consideration of the
pressurge drop and acoustic requirements.

The WHRU casing and ducting walls shall be constructed «of)steel plate. Plate thickness shdll be
determined by the overall mechanical design calculations. Plate thickness less than 6 mm for fefritic
steel and 5 mm for austenitic steel shall be subject to ‘approval by the purchaser. The materjal in
combination with its corrosion protection should be proposed by the supplier if not stated in the|RFQ.

Components shall have a design pressure based*on the most severe combination of the wind
pressure and 1,5 times the maximum operating TEG pressure in the casing, but not less |than
50 mbatf. If applicable also explosion loads shall be taken into account.

Components design shall take into consideration all other imposed loads such as:

(i) lifting and transportation;

(ii) installation;

(iii) motion, e.g. acceleratiofn from transportation, seismic events or offshore floatation;
(iv) snow and ice;

(v) wind.

If a compinédSstack outside the supplier's scope is used, the purchaser is responsible for specifying
the makimum positive and negative design pressures taking into account maximum nafural
draught and maximum back pressure.

The design of stiffeners shall take into account thermal expansion and temperature gradients in
normal operation and transient cases such as start-up and shut-down (always required for hot
casing designs).

Components shall be designed to prevent vibration, distortion and warping due to temperature,
pressure GT pulsations and internal flow. Effective vibration isolation from the GT is particularly
essential. Ducting shall be sufficiently rigid to prevent damage from vibration and avoid drumming
when exposed to TEG flow over the complete flow range.

Component sections should be suitably stiffened to minimize distortion. Component plate shall be
designed to limit the deflections of the span of plate between stiffeners, taking full advantage of
multi-span continuity where appropriate, under design conditions.
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t) Horizontal (flat) sections should be avoided to provide a drainage slope. All horizontal stiffeners
shall be designed to prevent water accumulation e.g. weep holes.
u) The exhaust gas system shall be provided with internal drainage connections at low points.
v) All components shall be designed for the intended lifting or installation procedures.
w) For hot casing design, welded lifting lugs should be removed after initial installation.
x) The purchaser is responsible for specifying any requirement for supporting steelwork in the RFQ.
y) The exhaust system shall be designed to accommodate the calculated thermal expansions, with fixed
jpoints Tocal to the WHRU, damper and silencer (where installed) normally providing andhor points.
z) (Component supports shall be designed for all live and static loads, including.@ny yplift due to
gpecified wind and/or other loads. The WHRU hydrostatic test condition shall-alsé be donsidered.
8.5.7 Hot casing design and materials
a) should be noted that this type of design is susceptible to excessive-thermal stresses for the casing,
ssociated stiffeners and structural members even for steady, state operation. A FEM analysis
hall be carried out to optimize the design to minimize the higlrthermal stresses duripng transient
onditions and verify that the system will withstand the anticipated number of start}/stop cycles
uring the required lifetime.
b) Mot casing design is inherently unsuitable for units in.¢yclic operation.
INOTE Design processes can minimise cyclic impacts in steady state conditions but higher thermal
4tress during transient conditions is unavoidable.
c) In parts of the exhaust duct with highly pulsating flow (usually close to the GT), the duct walls
especially non-circular) can be exposed(to risk of high cycle fatigue due to vibration.
d) $quare corners are particularly susceptible to high stresses. Therefore, sharp corners shall be
gvoided and welds not be placed\in areas with high stress. If square or rectangular defign is used,
31l corners shall be formed with a radius so that all welding is on the sides of the duct.
e) The casing material selected shall be designed for at least the maximum TEG temperature, as
defined in 9.3.2.2 a).
f)  S$upports shall beprevided at each end of horizontal ducting sections and at midpointsas required.
Dne support shall-be anchored while the others are free to move on sliding pads or small rollers.
$liding supperts’shall be designed to allow lateral and axial expansion movements of the ducting. If
§liding supports are used they shall be of a high temperature bearing material and heaf shielded to
protect thie’bearing material and the structural steel.
Theé material selection falls into one of the following groups:
(i) Low alloy carbon steel (e.g. 13CrMo4-5, 10CrMo9-10);
(ii) Stainless steel material, ferritic and austenitic (e.g. AISI 316, AISI 321);
(iii) High temperature Ni Cr material (e.g. alloy 800).
g) The following apply to the selected material (type and thickness):

(i) Corrosive aspect of the flue gas and required surface protection should be considered.

(ii) If low alloy steel is selected, strength values at elevated temperature shall be

taken from

recognized standard and creep shall be evaluated if operation in creep range is expected.

(iii) The temperature limits given in the structural code shall not be exceeded.

© IS0 2020 - All rights reserved
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(iv) A surface treatment designed for service life at high temperature should be used on all parts to
reduce corrosion rate.

(v) A corrosion allowance of 1,5 mm shall be included for low alloy material.

(vi) For ferritic stainless steels a surface coating designed for service life at high temperature shall
be used on all parts to reduce corrosion rate.

(vii)Unless otherwise specified by purchaser, austenitic steels can be left uncoated if not insulated
or exposed to marine atmosphere. If exposed to marine atmosphere stress corrosion can be a

con

sideration due to chlorides.

NOTE Low alloy steel materials have good thermal conductivity and low thermal expa

properties, it is therefore a good choice regardless of thermal stress. While they tend to haye
cregp stresses, alloy materials have higher thermal conductivity and lower thermal expansion m

the

Staipless-steel material have good strength values at high temperatures and redueed corrosion
Ferryitic steels have better thermal conductivity and lower thermal expansion [properties tha
austenitic steels. Ferritic Steels have lower corrosion resistance than austenitic.

Hig
very
con

h) Refer tq

8.5.3 Cold casing design material

Selection of
a) Carbon

As the
concern
conden;
if there

b) Stainleq

Where
otherw

For maj
below 6

(i) Sta
res}

less susceptible to thermal stress.

temperature Ni Cr materials have improved creep strength at very<high temperature as w
 good corrosion properties but are more susceptible to high thermal stress due to lower thg
Huctivity and high thermal expansion.

8.5.4 on flange-bolts system design.

material should be guided by the following considerations:
steel

pperating metal temperature is relatively low compared to hot casing design the
in material selection is to minimize corrosion. The low temperature increases the ri
ation on the casing surface underneath the insulation system. This is especially a cor
are compounds in the fuelsswhich can form acid, such as sulphur.

s-steel material, (e.g. AISD316, AISI 321)

stainless steel is used for marine environment grade SS316 or SS321 shall be used u
se agreed with the purchaser.

ine environments, stress corrosion is not normally considered to be a problem for mat
0 °C.

nlessssteel materials may be used in this type of application due to good corr
stance or for cases where operation with insulation failure is a specified design condif

hsion
ower
hking

rates.
n the

ell as
brmal

main
sk of
cern
nless

erial

bsion
ion.

(ii) The purchaser is responsible for specifying if “loss of insulation” should be considered as a
design case This mode can be critical for the design and give the maximum level of stress. In
cases where the purchaser specifies design for loss of insulation then the provisions for hot
casing design shall be considered.

NOTE Damage to insulation can remain undiscovered over a considerable length of time and when
discovered operational needs might not allow for immediate repair.

8.5.4 Flange bolts

a) The following factors should be considered in flange bolt design:

(i) flange thickness;

14
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(i) flange material;

(iii) local temperature increase over time;
(iv) ambient conditions;

(v) gasket type;

(vi) gasket material;

(vii)bolt material;

(rn) 1 A S L b 2 |
VIll) DUIL HIdITUIdUTUIcr s protcuurcs.

NOTE For flange-bolt systems, rapid temperature rises in the flanges result ingincred
thickness due to thermal expansion while the bolt shafts initially remain relatively ¢old.
if not addressed properly in the design, to premature (or even immediate) bolt-failure, ga

compromised mechanical integrity of the flange connection. If not properly considered,
start up cycle can overstretch a wrongly designed bolt resulting in permanentloss of pret

Where specified by the purchaser, for cold casing design all evaluatiohs’'mentioned und
ﬂ;iirt of the flange-bolt design to make the system robust and able te-tnaintain mechani
case of loss of insulation (accidental load).

.

[he additional cost associated with this provision can bé\justified when taking into
following aspects:

i) Depending on design and insulation method, the‘insulation and lining system in
can be more vulnerable than in a straight duct:

ii) When insulation is lost, the mechanical integrity of bolts in the affected 4
compromised—even during one start/stop cycle.

iii) Damage to the inside insulation ean remain undiscovered over a considerable leng
when discovered operational needs might not allow for immediate repair.

iv) When insulation damagednside the duct can have compromised the bolts' mechani
the exchange of the affected bolts can be costly and time consuming if access is dif

[he supplier shall design-flanges, gasket and bolts as one system and ensure that bolts
gafely within their elastic operational range even when flanges are fully warmed up
gteady state temperature while the bolt shaft still is at ambient temperature.

[he gasket material shall not be a part of flange pretension system.

The supplier shall ensure that the bolts under all conditions provide sufficient pretensi
gas-tightness and mechanical integrity of the flange connection.

ses in flange
['his can lead,
b leakage and
bven the first
ension.

er a) shall be
cal integrity
account the
Flange areas
rea can be
th of time or
ral integrity,

ficult.

will operate
to expected

hn to ensure

Theflange bolt system shall be designed to the same operating conditions applicable to|

the exhaust

gas system.

Exhaust systems without internal insulation usually require the use of tension bolts (extended

shaft length). For the installation of pretensioned flange bolts the supplier shall deve
procedures including the required anti-seizure compound. This shall take account of
torque on the resulting pretension of the final installation.

lop detailed
the effect of

Material prone to CSCC is considered unsuitable for exhaust system bolts in a marine environment.

The method of determining the necessary pretension and ensuring that the specified pretension is

provided shall be documented where the flange is designed for greater than 250 °C.
Acceptable methods of determining the necessary pretension are:

FEM analysis (refer to Annex B).
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— Stress strain calculations.

k) Atorque wrench is considered an acceptable method of providing the necessary pretension.

(iv) depending on wind, ambient temperature, precipitation, sunshine and / or orientation the resyltant
cooling éffect can vary hugely.

1) Unless $pecified by the purchaser, the bolting system selected shall be maintenance free for the
service |ife and the proposed bolt material shall be presented to purchaser for, approval.

m) The nut|shall be of a design that eliminates the risk of loosening due to vibration or thermal efffects
during the entire life span of the system.

NOTE Bolt systems are typically not easily accessible for maintenance andinspection.

8.5.5 Surface preparation and treatment

8.5.5.1 Functions

Surface tregtment can be required for the following funetions:

a)

b)

‘)
d)

8.5.5.2 Protection from corrosion

The selection of materials and their associated coating should ensure protection against corrosion
the followinF:

a)
b)
‘)
d)

NOTE

Experience has shown thatitis very difficult to predict what temperatures flange bolts of ex

haust

systems are exposed to during operation and over the lifetime of a system. Significant contributors to this
uncertainty are:

(i) inconsistent or poor workmanship quality for installation of the internal insulation, especially in flange

areas fo

r site-built systems;

(ii) deterioration (local or general) of insulation material;

(iii) potIential complete loss of insulation (accidental);

Protect
(Note t

ambient{ conditions are such that the casing is below the dew point of the TEG. The dew po
elevatedl if SO is present in the TEG with resulting condensation of sulphuric acid.)

Protect

Protect

Decoratjive only.

on from moisture related corrosion, and condensable sulphur contaminants in the
hat cold casing designs have potential for condensation of water onto the casing \

on from corrosion from-constituents in the insulation.

on from corrosion from weather.

TEG.
when
nt is

from

moisture together with condensable sulphur contaminants in the TEG;

chlorides in the insulation and possible attack on stainless steel;

marine environment (salt) and possible effect on stainless steel;

weather.

8.5.5.3 Treatment specifications

If not specified by the purchaser, the supplier should specify in the proposal the type and application
details of coatings (internal and external) envisaged to match the specified operating conditions.
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supplier’s specification shall include the following information:
method statement for surface preparation;

method statement for surface treatment;

test procedure;

touch-up and repair procedure;

on-site repair procedure if the surface treatment would be overheated in the event of loss or

damage to internal insulation.

8.5.3.4 Requirements for various surface types

8.5.3.4.1 Cold casing, internal surfaces

Where the casing material is susceptible to corrosion due to water or acid dew point it shall |

by a

Coating designed for the resulting conditions.

8.5.3.4.2 Cold casing, external surfaces

The
100

treatment shall be suitable for the calculated operating mefal temperature plus a marg
K to account for solar radiation and hot spots. If the casing is designed to survive los

insulation, the external coating is likely to require repair,when the insulation is repaired.

8.5.53.4.3 Hot casing, internal surfaces

Itis

dcceptable that surfaces be left untreated foroperational reasons.

A temporary coating should be applied to cafbon steel to protect during transportation anc

8.5.3.4.4 Hot casing, external surfaces

The

treatment shall be designed.to-withstand the maximum specified TEG temperature an

of cafbon steel it shall also be @esigned to protect during transportation and storage.

8.6

Mechanical and thermal analysis

Suppllier shall carryout a stress analysis using FEM (Annex B) or other recognised method
verifly that all construction elements and details are within predefined acceptance levels.

a)

b)

d)

8.7

The analysis shall cover both static (e.g. normal operation) and transient cases such as
ghut:dewn.

be protected

in of at least
5 of internal

| storage.

1 in the case

S in order to

start-up and

$pécial attention should be paid to all stress raisers and stress concentration points suc

1 aS Corners,

changes in thickness (e.g. flanges), weld undercuts and weld penetrations, equipment
the casing (e.g. lifting lugs, tube hangers, silencer elements), and penetrations.

The resonance frequency should also be confirmed by analysis/testing.

mounted to

The possibility for combined creep and thermal fatigue interaction shall be considered in material

selection and general design. Refer to Annexes A and B.

Insulation and refractory

a) All hot equipment and piping should be insulated for energy conservation, frost protection (if sub-
zero ambient temperatures are specified), prevention of hot surface ignition sources in hazardous

zoned areas, to protect adjacent equipment or personal protection purposes.
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b)

f)

g)

8.7.1 Exhpust system casing and ducting external insulation (hot casing design)

a)

b)

c)

d)

The insulation should consist of bio-soluble fibre. Ceramic fibre may only be used where local
regulations permit and with the agreement of the purchaser.

NOTE Bio-soluble fibre is considered less hazardous to health than ceramic fibre.

If energy conservation or prevention of hot surface ignition sources in hazardous zoned areas is
not relevant (e.g. stacks) and is not required by the purchaser, alternative means of equipment or
personnel protection (e.g. wire screens) can be applied.

The required thickness of insulation shall be determined in accordance with ISO 12241, or
ASTM C680-10.

Unless gtherwise specified by the purchaser, for personnel protection and/or the avoidance-gf low
tempergture chloride corrosion on stainless steel in marine environments, the external casing
temperature shall not exceed 60 °C with the maximum expected air temperature at the operpting
locatior] and a wind speed of 1 m/s. This calculation excludes the effects of direct solar radigtion.
Unless ptherwise specified by purchaser, surface emissivity shall be taken as)0;7. However, it
should be recognized that this might not be achievable for higher ambient temperatures (elg. in
excess gf 30 °C).

Higher [temperatures are permitted at small areas, for example where fasteners, supporfs or
internal attachments are welded to the casing. The hot spot tempetature shall not exceed the
temperature rating of the hazardous area or the surface coating/paint system.

All acceps doors, hatches and ports for inspection, viewing andunaintenance shall be fitted with an
insulatipn system of equal effectiveness to that of the main\surfaces. Particular attention should
be given to the design, installation and effectiveness of clgsing joints such that damage is avgided
during ﬂ:pening/closing and any resultant hot spots are*within acceptable limits.

It shoulfl be noted that this type of design is.more susceptible to excessive thermal stresses fdr the
casing, associated stiffeners and structural'members.

Care shpuld be taken to apply the external insulation over all the stiffening and structure whijch is
welded ffo the casing to minimize thermal gradients from occurring in these areas.

Care shpuld be taken to apply ‘external insulation over section flanges to avoid hot spots and to
preventithermal gradients from occurring in these regions during steady state operation.

Externdl insulation shall be covered with stainless steel liner plates installed with adequate
allowance for expansion and ensure that the insulation remains dry and free from ingress of water.

Where the risk.of hydrocarbon penetration into the insulation cannot be eliminated (e.g. a ledkage
scenari¢ close“to the exhaust system), the insulation shall be fully covered with a hydrocqrbon
tight m¢mbrane under the liner plate. The membrane material shall be able to withstand thg TEG
temperature.

8.7.2 Exhaust system casing and ducting internal insulation (cold case design)

8.7.2.1 General

a)
b)

<)

18

The insulation shall consist of multiple staggered layers with a protective, floating lining plate.

In order to prevent voids compression of the insulation under the lining plates shall be applied
during installation, according to insulation manufacturer’s instructions.

The protective lining plate design shall ensure retention of internal insulation material and should
incorporate a separate membrane e.g. pillows, in support of this requirement where required.
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g)

h)

j)

8.7.2.2- Floating liner plate insulation design

a)
b)

d)
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Lining fasteners shall allow free expansion of the liner plates in all directions without distortion
or bulging and shall avoid generating vibration. Materials shall be selected to resist erosion and
oxidation.

Perforated plates can be used to reduce the noise level. In the case of perforated plates, additional
measures to prevent loss of insulating material shall be applied, e.g. stainless-steel cloth.

Perforated liner plates shall not be used in areas where the TEG flow pattern represents a significant
risk of flow induced damage or premature failure of lining and/or insulation (e.g. for several meters
downstream the exhaust collector, bends, transition pieces, duct wall location where the violent
flow from turbine compressor bleed impinges).

floating internal lining plate system design should be used for all internal insulatjon systems.
owever normal insulation materials are also acceptable for high temperature low-flue[gas velocity
pplications without lining plates, but with additional protection measures in accordapce with the
upplier’s instructions.

he exhaust system consists of zones with high temperature, high flue gas velocity or a gombination
f both. The design of the internal lining and insulation system shall be such thdt long-term
feliability without loss of insulation effectiveness is achieved.

INOTE The ducting lining downstream from the GT exhaust systém interface flange is subjject to highly
ynsteady TEG flow condition which generates high cyclic stresses.en the lining system.

The internal insulation system should be designed.to withstand the flue gas velocity and
temperature.

For the casing and ducting sections (tube bundle arrangement excluded), the hot|face design
lemperature for material selection for the liners shall be as follows:

i) The maximum TEG temperature plus-30 K, or the highest calculated TEG tempernature in the
subsequent heat transfer sections plus 30 K.

ii) Table 2 provides guidance for the’selection of internal lining materials.

Table 2 — Material selection internal lining temperature limitation

Maximum temperature

Material selection for during continuous
internal lining operation?
°C
11 Cr (e.g. SS 409/410) 600

18Cr/8Ni (e.g. 304/316) 700

a  Above 750 °C metal liners are not recommended.

The insulating material shall have a minimum density of 128 kg/m3.

The insulation shall be secured in position by a grid of fasteners which retain a stainless-steel
cladding plate which covers and protects the insulation material from the erosion due to the
contact with high velocity of the hot exhaust gases.

Alternative systems if proposed by the supplier shall be subject to the purchaser’s approval.

The insulation of field-erected connections and module connections require particular design
attention. The design of these joints shall ensure that cavities under the steel liner plate are filled
with insulation once the joint is completed. All connections between pre-insulated panels and site
insulation shall be insulated and designed to avoid discontinuities and insulation loss. Particular
attention should be placed on installation for designs where the liner is discontinuous at flanged
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f)

g)

h)

20

connections between sections. Poor installation resulting in gaps between adjacent liner panels,
can cause elevated external flange temperatures and ingress of TEG behind the liner, which can
lead to degradation of the insulation and corrosion damage beneath the liner due to acidic flue gas
condensate.

The insulation shall be multi-layered in all directions and provide consistent coverage in all
relevant areas.

Overlapping liner plates shall be appropriate to the flow direction to prevent ingress of TEG behind
the liner which can cause distortion and damage to the lining integrity.

Where
plate,

At the
the extr

Where
the sup
experie

(i) Stu

(ii) Stu
by

(iii) Wel

Poo
attq

(iv) Stu

applroval prior to welding and shall include appropriate surface preparation of the weld aj

(v) Stu
(vi) Unl
(vii)At 4

The
plaf

ereas walls and roof shall be a minimum of 2 mm thick.

ot face design temperature, the thermal expansion of any plate shall not exceed)20 m
eme diagonal measured between fastener centres.

studs type fasteners are used the following minimum requirements shall“apply, how
blier shall remain responsible for the integrity of the design which,shall be supportg
hce and/or documentation:

s shall be welded to the casing.

1 guns shall not be used. Alternative systems can be propesed by the supplier for app
he purchaser.

r stud to casing welds have been known to resultin operation failures and as such parti
ntion should be paid to this activity.

s shall be M10 minimum for 2 mm*plate and M12 minimum for 3 mm plate.
bss otherwise agreed with purchaser, studs shall be 316SS material.

ach stud, the sequence.of assembly shall be inner nut, washer, plate(s), washer, fina
final nut shall be tightened sufficiently to avoid vibration but not so tight as to rej
e movement; normally half a turn back from finger tight and secured by a tack weld.

(viii)P1
ed

thermal expansion of the plates +25 % plus fabrication and installation tolerances.
explnsion tolerance is not always required in case a central pin is used which becomes a
point for the sheet. Tack weld shall not only connect nut/stud, but also fix the washer to th
to prevent the washer from vibrating and grinding through the stud.

es shall overlap at least 50 mm and holes shall lie at least 30 mm away from the
. Each hole.in the plates shall be at least 3 times stud diameter and allow for the maxi

liner
m for
rever

d by

roval

ders shall be individually qualified and test welds shall be subject to destructive testing.

rular

1 to casing weld procedures shall be_subject to exhaust system supplier and purchaser

ea.

nut.
trict

plate
mum
Such
fixed
e nut

(ix) The centre hole (fixed point) should be sized for stud diameter only. Alternatively, the centre
location shall be fixed by appropriate tack welds of washer to plate. Studs shall be at least the
same grade as the liner plate as a minimum.

(x) In high exhaust gas velocity areas studs should be welded to scallop bars which are in turn
welded to the casing. These provide additional dimensional stiffness to the cladding. The
design of the scalloping needs to consider thermally induced stresses and ensures that the

wel

d detail is designed accordingly.

(xi) Alternative stud fixing systems can be proposed by supplier for approval by purchaser. Lining
system, including stud spacing and stud to casing weld, can be in accordance with methods
demonstrated on units which have been in long-term operation if agreed with purchaser.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9e48ac85341d68b416b7d8f794c8af81

j)
k)

D)
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Similar grades of stainless steel can gall so dissimilar grades for the washer and cladding

sheets should be considered.
If surface treatment is required it shall be applied after welding of the studs.

Cut-out areas for penetrations such as access/inspection doors, observation ports and i

nstruments,

as well as corners and module seal details should be designed for minimum risk of hot spots.

All fastener attachments to casings should be designed for minimum risk of hot spots.

8.8 Noise emission and silencing

a)

b)

f)

g)

8.9

d)

© IS0 2020 - All rights reserved

here specified by the purchaser, supplier shall include the required silencing measu
eeded as part of the exhaust system in order to meet the overall noise emission/r¢
gpecified by the purchaser.

It is recommended that the silencer is supplied as part of the exhaust system scopg
¢nsure the overall system is optimised, with respect to silencer location, pressuf
mechanical design.

The purchaser is responsible for specifying noise emission data at the turbine exhaust,

hould involve oversized access doors and/or silencer panelsin bolt-together sections. 4
hall be installed upstream and downstream of each silencer, to permit the removal/
of the silencing panels and/or any other component that needs maintenance.

Where specified by the purchaser silencer elements shall b€ replaceable without ho

$ite measurement verification shall be in accordance with ISO 3744 or where needed
dluct wall emissions and ISO 10494 for exhaustistack sound power level.

I
q

f other noise control measures such as acoustic enclosures are required, they shoul
ase obstruct operational or routine maintenance activities.

If acoustic enclosures are proposed, prior approval of the purchaser shall be obtain
¢onstruction, materials and access'requirements.

Acoustic insulation of pipes; valves and flanges as necessary to meet the noise level r¢
ghould be agreed with thejpurchaser.

For cold casing sysfenis, no acoustic insulation shall be fitted on the casing outside
noise requirements:

Stacks

$elf-supported stacks greater than 4 outside diameters long shall be designed acq
fecognised stack design standard (such as CICIND, ASME STS-01 or other stack desig

res that are
Pquirements

in order to

e drop and

L work. This
A\ccess doors
replacement

SO 9614 for

H not in any

ed for their

bquirements

to meet the

ording to a
h code). The

gupplier and purchaser should agree which code is to be applied.

The purchase is responsible for specifying any minimum stack length or discharge height above an
agreed datum.

The exhaust gas can reach nearby equipment, working areas or interfere with helicopter traffic.
The purchaser is responsible for evaluating the impact of such effects of the exhaust gas plume in
determining the required stack height.

NOTE A plume cooling device which induces air to mix with the turbine exhaust gas prior to leaving the
stack can be considered to mitigate exhaust gas impingement on adjacent equipment, personnel or helicopter
traffic.

Measures should be provided to prevent damage by the ingress of rain or snow. This shall include
either means to prevent rain/snow ingress or drainage facilities to remove accumulated water in a
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way that doesn’t cause damage. Purchaser has the option to specify particular requirements which
can include:

(i) rain hood;

(ii) internal rims;

(iii) drainage facilities;

(iv) damper with built in drain facility.

NOTE Rain hoods have the advantage of protecting against the ingress of rain or snow but the
disgdvantage of Increased pressure drop, disruption of diSpersion of exhaust gas and increasing
reflected noise to lower elevations.

e) The pufchaser is responsible to identify requirement and details of any stack sampling ppints
including temporary TEG composition measurement, e.g. if required by authorities-for emifsion
control,

In that|case the purchaser is responsible for the definition of the physical dimensions of the
connecffion (e.g. flange details).

The location should be chosen to accommodate the following:

(i) easy access from the outside;

(ii) sufficient space on the outside for handling and inserting the required probe;

(iii) no internals on the inside of the duct (e.g. silencer baffles);

(iv) avojdance of parts of the exhaust system with.especially severe flow conditions.

f) Sampling port or ports shall have blind flange(bolted covers. Blind flanges shall be fitted with a
threaded cap to allow flue gas spot measuremeénts. The blind flange and bolting material shdll be
the samje as the sample port material.

g) The uselof uninsulated stacks is subject.to the purchaser's approval.

In case pf an uninsulated stack,-personnel protection shall be provided in areas where accesp can
be requjred during operation.and testing, (i.e. ladders, platforms and base).

8.10 Expansion joints

a) Expansjon joint(s).shall be designed for all movements of the exhaust ductwork system and
interfading equipment (axial compression, axial extension, lateral displacements and |TEG
pulsatigns).

Supplier shall design each flexible joint to be able to accommodate at least the following withjn its

elastic cperationalrange:

(i) installation tolerances;

(ii) global movements of parts supported on different structures;

(iii) movements due to thermal expansion.

All the above can occur simultaneously in lateral and/or axial direction.

b) Expansions joints should not be required to accommodate excessive installation tolerances, e.g. in
excess of 15 mm.

c) Expansion joints should be fabric type, or steel-bellows type with inner sleeves, however fabric
type is preferred due to higher flexibility and lower rigidity (both for axial and lateral movements).

22
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d) Fabric expansion joint(s) shall be a flexible multiple layer type and shall be provided with “Bolster
Bags” assuring thermal insulation and dampening of flow pulsations. The outer layer shall be fully

weather-resistant.

Steel-bellows type expansion joints applied to hot casing designs may be insulated and clad
externally, such insulation system shall not inhibit the functionality of the expansion joint and
shall, if required, be provided with a rain guard. If the expansion bellows design does not require
external insulation and cladding, then personnel protection in the form of a guard and a rain shield
shall be provided.

strips. Flange and strips shall be rounded

f)

The fabric shall be bolted between the casings flange and

At the outside, where the fabric is pressed and rubbed against the cover strip,yan additional

protection layer shall be mounted between fabric and strip.

g)

h)

j)

rior to installation of the fabric, the alignment of the flanges should be verified to b
design tolerance for the expansion joint.

fach flange of an expansion joint shall be designed to be compatible with the fl

expansion, hot- or cold-casing. If not otherwise stated, the expansion joint shall ensure
ﬁlovement (extension), 50 mm axial movement (compression)and 20 mm lateral movel
irection and in combination with axial movement) as a minimum.

Expansion joints shall be designed to accommodate:all axial and lateral expansions.

b within the

ange of the

neighbouring component it is connected to, for example with respéct to material chgice, thermal

B5 mm axial
ment (in any

These shall

¢onsider thermal expansion as well as anticipated deflection of the respective equipmeént under all
gpecified load conditions (e.g. wind and wave induced motions).

k) Unless otherwise specified, the expansion4oint at the GT discharge point should
Iy the GT supplier and the GT supplier.should specify the maximum displacements
accommodated at this point.

be provided
that can be

8.11 Steel structures, stairs, ladders and platforms

a) Unless otherwise specified-by the purchaser, the support structure and access platfgrms for on-
ghore installations should-be provided by the exhaust system supplier and for offshore by the
urchaser. Supportingsteel structures, platforms, stairs, ladders and railings shall be irj accordance
ith purchaser’s reguirements.

ccess facilities shall be provided to all inspection/access openings to facilitate the ingpection and
aintenancé\requirements specified by the purchaser.

b) $tructural/design shall take into account the support requirements for all hydrosfatic testing
includihg during manufacture). In addition, all other load cases expected during the lif¢ cycle of the
quipment, e.g. transport and erection, wind, snow, seismic and explosion loads shall be covered in
the r]ncign

c) Platforms, stairs or ladders shall not be mounted to pressure parts or hot casing.

d) The exhaust system including the WHRU package shall be supported independently of the GT

package.

e) The layout of the support system should not restrict any work to be carried out on the GT package

(inspection, maintenance, partly or complete exchange).
f) The purchaser is responsible to specify if the exhaust system and/or its support structure shall

include lifting points or beams with appropriate capacity to be used for work on the turbine
package.
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Such specification should include a material handling strategy describing how components
are to be lifted and routed. The steel structure and concept for access ways and platforms shall
accommodate such work.

Stairs and platforms should provide access to all valves, gauges, instrument process connections,
observation points and access doors, and for all other operational purposes.

Ladders should only be used for creating extra means of escape or to reach instrumentation which

infrequent access for maintenance.

All stairs, platforms and walkways shall comply with the ISO 14122 series.

Materi:Lls should be handled and stored in accordance with supplier's recommendations.

btherwise specified by the purchaser, all main platforms greater than 8 m long shg
d with an emergency means of escape leading down to ground or deck level (i.e. in add
al access).

aces above 70 °C should be within reach from stairways, ladders, platferms, etc. If
be avoided for technical reasons, then appropriate shielding shall be proyided.

hs shall have a minimum width of 1m and walkways used only to-connect platforms

11 be
ition

this

shall

hinimum width of 0,8 m. All locations required for routine operatien‘or access (for example,

pers, instruments, instrument connections or access doors, etc.) shall be accessib

e by

ent ladders or platforms. Permanent platform access facilitiés shall, as a minimum include:

aust system bottom gas path access platform - one sidelof exhaust system, full length of

Qust system.

lator(s) systems (e.g. pneumatic/hydraulic equipmient) for exhaust bypass control.

pection/maintenance platforms for all operational equipment, for example controls, sampling

ts, control valves, motor operated valves,-drain and vent points inaccessible from grad
'k emission test platform to the flue gas‘emission (nozzles) and monitoring equipment

o instruments and instrument conhections shall also be accessible by permanent platff
therwise agreed by the purchaser.

rvation, handling, packing and storage
dling and storage of materials
s and ceniponents shall be new and unused. Products that have been handled or stor

- for a length of time that can have led to significant deterioration should be checked b
hsute‘that they still comply with the relevant product standard.

a)
.

prms

ed in
cfore

g)

h)

i)
require

j)

k) Unless
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1) No surf
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exh|
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8.12 Prese

8.12.1 Han

a)

b) Materi
away o
usetoe

c) Structu
perman

al Steet COMPpONENts Should be packed Suitabte for handing and transport, So
ent deformation does not occur and surface damage is minimized.

8.12.2 Handling and storage of construction material and subcomponents at suppers works

8.12.2.1 General

that

In the absence of purchaser specifications, the supplier should specify and apply methodologies
and measures for preservation and packing to meet the project requirements. The measures should
include procedures to protect the equipment during pre-shipment, transportation and storage prior to
construction, during construction, before start-up and for prolonged shut-down. Minimum measures
pre-dispatch shall include:

a) thorough cleaning and drying;
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closure of all flange openings for atmospheric protection and to prevent foreign matter from
entering during transport or installation;

protection of all exposed carbon steel surfaces from atmospheric corrosion;

the interior of the carbon steel tube bundles should be purged and maintained with nitrogen at a
positive pressure of 0,35 bar g with pressure gauge to monitor that the pressure is sustained or
equivalent system.

8.13 Inspection and testing

a)
b)

c)

8.13|1 General inspection

a)

b)

8.13{2 Specific inspection requirements

8.13|2.1 Quality control

a)

b)

= HershattsTh . . ] AT EETP) 1 : ¢ al.

The ITP shall detail all inspection and testing procedures as described in the supplier’s|quality plan
and as required by the design code.

Refer to Annex D for fabrication requirements.

The ITP shall specify all documentation and equipment inspection requirements and associated
lesting procedures and all activities that are to be performed to’ensure appropriate guality of the
¢quipment and compliance with all applicable standards, codes and specifications.

The review, witness and hold points should then be agreed between the purchaser angd supplier. A
minimum of 2-week notice for inspection points shall\be provided by the supplier.

Welding inspection requirements during fabrication:

i) 100 % of the pressure part components, including tubes, fins and welds in the compllete exhaust
system shall be subject £o.progressive visual inspection during the manufacturing|process.

ii) Unless otherwise specified by the purchaser, 100 % of the butt welds in tube biyindle(s) and
headers shall be §ubject to progressive radiographic (e.g. X-ray) testing and acceptance during
the manufacturing process.

iii) Unless otherwise specified by the purchaser, all welds in non-pressure parts shall be subject to
100 % progressive visual inspection and acceptance during the manufacturing prqcess.

iv) 1009 of stub-to-header welds [9.2.1 i)] shall be subject to outside surface inspection by
penetrant testing (PT) or magnetic particle testing (MPT) to detect weld defects/dracks etc.

LA "10N 0/ ~€feln 310 coi ] efo £fotrahh o0 o Ao 1arnl
V) U070 U trC T sSTaC— SUT Tatt s O SstaoU—tU—TICatu T viT

dental mirror or borescope.

¢ H}-shaHbeistalyinspected with

H

Q2
Sz

Any damage or defects to pressure part components arising from the above inspections shall be
rectified or replaced, and re-inspected / tested until accepted in accordance with the applicable
procedures.

Stubs of the same material as the header and internal diameter as the tubes shall be welded to the
headers and the welds inspected with MP/penetrant from the outside.

If the welds have passed these inspections, the tubes shall be buttwelded to the stubs and these
welds shall be subject to the same inspection regime as the remaining welds of the tube bundle.

Where dye penetrant is used, it shall be free of residual chlorides.

© IS0 2020 - All rights reserved 25


https://standardsiso.com/api/?name=9e48ac85341d68b416b7d8f794c8af81

ISO 21905:2020(E)

8.13.2.2 Insulation

a)

b)

8.13.2.3 Lipers (for inside insulation)

The supplier's inspector shall inspect the installation of the entire insulation system during and
after the installation process but before liner plates and/or cladding materials are fixed in place
and certify the correct installation. This activity shall be part of the ITP and the purchaser shall be
invited to attend.

The supplier's inspector shall verify that the insulation system complies with the specification, for
example:

(i) theinsulating material is of the correct type and specification - K value, density and thickness;

(i) thelentire area that should be insulated is fully covered, without gaps;

(iii) thelinsulation material is installed in accordance with the design, with the correct comprepsion
and secure against movement.

Photographs shall be used to document the correct installation of the lining system in accordance
with th¢ ITP.

a) Suppliefs ITP shall include verification that fixings (including pins) or other parts which sgcure
liner plates or cladding are installed correctly, are the correct length (to compress the insulation
layer), have appropriate mechanical strength and are installediin‘the correct locations.

b) Itis recommended that the supplier engages a specialist lining inspector to verify the lining wjork.

NOTE MEgchanical strength and correct installation of the fixation, and correct overlap are vital to pprmit

free float of the liners during thermal expansion.

8.13.2.4 Vdrification of effectiveness of insulation

a)

b)

9

Once the system has been subjected toat least 100 operating hours a thermographic syrvey
covering the complete outside of the exhaust system is recommended to be performed whilg the
gas turbine is running at normal load:

The purpose of this examination is to:

(i) verify that the insulatienis installed correctly and that the surface temperature and any|local
hot|spots do not e%eeed the accepted limitations (be aware that measured temperatuyre is
effdctively influeneed by environment condition);

(ii) estqblish by«visual and thermographic inspection that there are no detectable leaks;

(iii) conffirm that all maximum surface temperatures are not exceeded;

(iv) protzide a record against which future thermographic surveys can he compared in order to
evaluate possible changes in insulation performance (degradation, damage, etc.).

WHRU engineering and design

9.1 WHRU process design

a)

b)

26

The purchaser is responsible to specify the required process guarantees, for example thermal
performances, tube-side pressure loss, draught loss, noise emissions and surface temperature.

Unless otherwise specified by the purchaser a 10 % over-surface margin shall be included over and
above that calculated for the appropriate design case including in the fouled condition.
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d)

f)

g)

h)
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Table 3 provides suggested exhaust gas side fouling factors

The purchaser is responsible to specify either the value of the internal and external fouling factors
or that these should be determined by the supplier based on HTM and TEG data.

Table 3 provides suggested exhaust side fouling factors considering different types of fuel gas and
liquid fuel to be fired in the GT and which should be used as guidelines for the purchaser. The table
has been grouped into three categories: clean gas, average gas and dirty gas.

Table 3 — Fouling factor for exhaust gas

Fype-ofexhaustgas Ynits Foulingfactoy
Clean gas (cleaning devices? not required)
GT firing natural gas m2°C/W {0,000 176
Average gas (provisions for future installation of cleaning devices)
Other gas m2°C/W [0,00035
Dirty gas (cleaning device required)
GT firing liquid fuel (diesel) m2°C/WCH0,000 528

a2  (Cleaning devices include steam and air blowing, water washing, chemi¢al and mechanical procesges.

The fouling factors relevant to the HTM side (such as water; water-glycol, hot oil, etc.) ¢an be found
in specialist literature or directly available from the fluidsuppliers.

.

he WHRU supplier should indicate in the operating<and maintenance manual all the [information
felevant to the cleaning operation.

The supplier should take account of the fluetgas velocity profile resultant from the chosen or
proposed exhaust system configuration.

To prevent degradation of the HTM™(e.g. by local boiling or cracking), the maximum HTM
lemperature in the tube bundle shalljbe limited such that the operating pressure always exceeds
the HTM vapour pressure. To demgnstrate compliance, the data sheets shall state:

i) maximum HTM bulk temperature;

ii) maximum HTM film temperature;

iii) HTM vapour pressure at maximum HTM temperature;
iv) minimum System operating pressure.

The supplier’shall specify the minimum HTM flow rate that is required to the WHRU when operating
}In bothanodulating mode and bypass mode to prevent film boiling or thermal degradatior of the HTM.
n bypass mode this should include consideration of radiant heat or recirculation from bypass gases.

.

he’ allowable pressure drop across the HTM side should be agreed hy the supplier and the
purchaser, and ‘the supplier shall submit calculated pressure drop figures for each part of the
system with necessary backup information for approval.

Unless otherwise agreed with purchaser, the HTM inlet temperature at the coldest section of any tube
shall be atleast 10 K higher than the dew point of the TEG for all operating cases. In event that sulphur
or other similar contaminants are not present then the dew point becomes the water dew point.

When the HTM is flammable then a tube leak has the potential to cause a fire or in extreme cases
an explosion. The extent of monitoring and mitigation measures should be agreed between the
purchaser and the supplier.

Means of detection can include the following:

(i) temperature;
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(ii) combustible materials monitoring;

(iii) opacity monitoring;

(iv) provision for visual observation.

Possible mitigation actions include the following:
(i) water fog;

(ii) carbon dioxide snuffing;

(111) GT shutdown;

(iv) isolption of the HTM.
9.2 WHRU tube bundle mechanical design

9.2.1 General
a) Alljoints between pressure parts of the tube bundle shall be of welded ¢onstruction.

b) The desjign of the tube bundles and casing should be such that the possibility of TEG bypassinjg the
tube bupdle is minimized. The configuration shall also ensure effective clearance of pockets of air
or flamnable gas during purging, i.e.no stagnant zones.

c) Restriction orifices or reduced header drilling for equalizing flow distribution across tubes|with
parallel/flow shall not be used in any part of the WHRU witiless approved by the purchaser.

d) The tulje bundle arrangement shall permit free.thermal expansion of all tubes, headers, [tube
supportls and casings and linings. The tube bundle arrangement shall take due account of any
potential differential heating between individual tube passes.

e) The sugports shall be designed and constructed such that within the supplier defined tolerapnces,
the follgwing are achieved:

(i) free thermal expansion of the-ttibes;
(ii) support for all load cases-including operation, transport and hydrotesting;
(iii) propide restraint in,al eircumferential directions, subject to the tolerances;
(iv) prefludes damaging vibration.
f) The tuble bundlelcan either be a rectangular serpentine design or a circular helical coil design

g) Tube byundles are either arranged in staggered or in line pitch. Supplier may select gither
configurdtion unless otherwise specified by the purchaser.

NOTE In line arrangements typically make finding the source of tube leaks easier. Some in line
arrangements cannot be fully drainable.

h) Tube-to-header welds shall not be exposed to excessively high heat flux. If such connections occur
within the casing, they shall be located outside the main flue gas flow and shielded by baffle plates
or tube sheets.

i) Tubes shall not be welded directly to the headers. Instead, stubs of the same material as the header
and same internal diameter as the tubes shall be welded to the headers. The welds shall then be
inspected with MPT/PT from the outside. In addition, a visual inspection of each weld from the
inside shall be performed (e.g. by use of dental mirror or borescope). Only after these verifications
have met the requirements of the ITP and quality plan, can the tubes be butt welded to the stubs
and be subject to the same inspection regime as for the other butt welds in the tube bundle.
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k)

9.2.2 Pressure part design

b)

d)
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NOTE Poor quality of tube-to-header welds is known to be a cause of WHRU tube bundle failures.
Due to bundle geometry, it is usually difficult/impossible to inspect these welds volumetrically (e.g. X-ray)
preventing detection of weld defects / failures

The design/manufacturing/inspection regimes described at 8.13.2.1 and 9.2.1 j) allow verification of
acceptable weld quality in stub-to-header welds and stub-to-tube butt welds (e.g X-Ray inspection).

Tube bundle assemblies including headers carrying the HTM fluid shall be self-draining unless
otherwise agreed by the purchaser. The assembly shall be equipped with sufficient drains and
vents to permit drainage and filling in the installed position. Unless otherwise specified by the
purchaser, drains and vents shall be sized in accordance with 11.2.6.

OTE It is common practice in piping systems to provide a drainage slope of at least 1:1(0, but this is
impractical in a WHRU tube bundle where tubes are normally horizontal or near-horizontal; ponsequently
¢omplete inherent self-draining is unlikely without assistance. Furthermore, net.all [tube bundle
¢onfigurations are inherently self-drainable (e.g. staggered pitch with horizontal flue gas’flow).

.

[ube bundles require draining for one or more the following reasons:
i) off-load frost protection when HTM is water only;

ii) for in-situ tube bundle inspection and/or maintenance;

iii) for tube bundle assembly removal;

iv) for dry running.

Before being allowed to run dry, a tube bundle that has contained thermal oil or water-glycol,
ghould be drained as far as is practical and then“internally force-flushed in accordajnce with an
dpproved procedure to remove any hydrocarbagn residues which can coke or combust under such
iperating condition. When a tube bundle is intended for thermal oil or water-glycol, Qut none has

een introduced, it can be run dry provided the unit is designed for dry-running. (This allows the
furbine and dampers to be commissioned’'in advance of the HTM system.)

For WHRUs configured from multiple bundles, for example where weight and/or in$tallation or
Inaintenance restraints apply,.interconnections shall be by intermediate headers and external
¢ross over pipes unless otherwise approved by the purchaser.

The purchaser should specify one of the following paired options shown in Table 4 for{tube bundle
Ppressure part design

Table 4 — Applied pressure code for tube bundle design

Tubes Header
ASME VIII - DIV.1 ASME VIII - DIV.1
ISO 13704 ASME B31.3
EN 13445 EN 13445

Unless specified otherwise by the purchaser, external or interconnecting piping shall be designed,
fabricated and inspected according to EN 13480 or ASME B31.3. However, the design, construction,
inspection, etc., shall be in compliance with the specified code.

The supplier’s own stamping in accordance with, for example, ASME VIII is considered adequate.

If the WHRU is to be subjected to a high number of start-stop cycles or if there is risk of tube
vibration impacting the cycle fatigue of the equipment, then appropriate fatigue analysis should be
performed (see Annex B).
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In the event that tube bundles are subject to cycling flow conditions such as regeneration gas
applications, effects of cyclic thermal stresses shall be considered in the design. Calculations shall
be provided to demonstrate that the combination of thermal and internal pressure stresses is less
than 85 % of that required to produce a crack based on the lifetime number of cycles (see Annex B).

9.2.3 Corrosion allowances

a)

b)

9.3 WHRU tube bundle design

9.3.1 Tube and bend materials

a)
b)

f)

g)

When the HTM is not corrosive; an internal corrosion allowance can be unnecessary. However, the
purchaser can specify otherwise.

NOTE There can be some risk of external corrosion, for example where tube surfaces operate close to
acid dew points, if the bundle 1S out of operation 10T longer periods of tilme, if the bundle 15 not in opefation
which inlcludes storage and transport from the point of manufacture up to the point of initial operatioi], or if
there is ¢old start-up of the turbine.

For corfosive conditions, the allowance shall be according to ISO 13705 unless otherwise apprjoved
by the gurchaser.

NOTE 1| Application of corrosion allowances can force the selection of increased tube wall thickness.
Rather than unnecessarily increase the tube bundle weight and cost, the purch@ser can consider working
with thd supplier to identify available margin within the standard wall thickness and consider if that is
adequate.

NOTE 2| The thickness of the tube selected for mechanical/manipulation purposes usually exfeeds
significaﬁltly the thickness necessary for pressure containment, where Significant allowance can be avajflable
within the standard wall thickness.

Both "pjpes" and "tubes" are permitted and hereafter referred as tubes.

The tubles and bends shall be seamless. Header tubes can utilize welded pipe where seamless fubes
are not|economically available. In this .case, weld seams shall not overlap with nozzle weld$ and
appropriate non-destructive examination (NDE) and weld strength reduction factors accordipg to
the selerted code shall be applied,;

A straight tube or pipe in a-tube bundle shall not be composed of two butt welded parts wherf the
tube lenigth is less than mill'production (typically less than 12 m) unless approved by the purchaser.

Any retjrn bends shall"be butt welded to the tubes and comply with ASME B16.9 or EN 10253-2.
Return pends shallynatch the inside diameter of the connected tubes.

Bending of tubes and pipes shall be in accordance with the relevant code. The supplier shall present
a bending procedure for the purchaser’s approval.

In the case of tube bending the supplier shall provide an inspection report demonstrating that wall
thinning is within acceptable limits and that surface cracking is absent.

Where tubes are bent, the resulting thickness of the tube in corroded condition at the thinnest part
shall not be less than the design value calculated in accordance with 9.2.3.

9.3.2 Tube bundle design conditions

9.3.2.1 General

Typical exhaust gas temperatures of gas turbines are in a range where mechanical properties of some
commonly used tube bundle materials are highly temperature dependent.
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While a too low design temperature for the tube bundle pressure parts can lead to an integrity risk and
premature failure, a too conservative design temperature can trigger the use of very costly material
which in addition can introduce other technical disadvantages.

9.3.2.2 Determination of tube bundle design temperature

For determination of the correct tube bundle design temperature, the following approach is
recommended.

a)

b)

Determine the maximum TEG temperature:

rchaser and

its determination is likely to include consideration of the following factors:
i) type of engine;
ii) combustion system;

NOTE On some gas turbines with DLE combustion system, the TEG temperature duifing part load
operation can be significantly higher than at full load.

iii) ambient temperature range;
iv) fuel(s) used;
v) range of operational loads:

vi) exhaust gas conditions applying at the end of.the specified operating period, i.e. immediately
prior to maintenance;

NOTE An engine due for overhaul has'g-higher TEG temperature than a new or newly overhauled
one.

vii)turbine trip temperature;
viii) compressor bleed canfiguration and use (e.g. bleed to inlet or bleed to exhaust);
ix) any other factors which\can affect the engines operation.
Evaluate the operational conditions:

Dperational circumstances where the tube bundle is exposed to the TEG temperature| while there
ils no HTM insidejthe tubes is commonly called “dry run”.

However, forthe purpose this evaluation it also means no flow of HTM.

Under-such condition no cooling of the tube material is present and the tube material femperature
yill'reach the TEG temperature if the tube bundle is not completely isolated from the TEG.

n many cases, it is impossible to completely rule out occasional dry run. However, a realistic
determination of expected operational circumstances and expected extent of dry run is an
important input for design and material choice of the tube bundle.

The design temperature of parts and components exposed to TEG shall not be lower than the
maximum calculated tube metal temperature in the fouled condition plus a margin of 30 K.

NOTE1 Itis typically the case that the headers, even if not directly exposed to TEG flow, can under dry
run condition reach a temperature close to the TEG temperature.

NOTE 2  Even with no dry run anticipated, the margin is required as the following aspects usually cause
local tube wall temperatures to be higher than calculated:

(i) HTM flow imbalances;
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(ii) TEG flow imbalances;

(iii) peaklocal heat flux.

Dry run usually is typically taken into consideration for all installations where in case of failure
in the HTM system (e.g. circulation) a GT-trip is unacceptable and complete isolation of the bundle
cannot be achieved. In such case, one or a combination of the following scenarios can apply:

(i) Sho

rt-term no flow pressurized operation

The dry run may occur during start-up or the time it takes between failure in the HTM system
until the complete TEG flow is routed through the bypass and depressurizing the HTM system.

(i) Lon

Sys
non

Sys
a p(

Hed
dan

Sys
isol
dan
the
und

(iii) Loy

Sys
the
avo

The
des

Cre
nun
des

Wit
life

If t

g-term dry run

fems that do not have a TEG bypass but where depressurization of the bundle/in ca
-operating HTM system is guaranteed.

fems which do have a TEG bypass but where the damper towards the coil)/does not guarg
sitive insulation of the coil.

t leakage can be, for example TEG leaking through seals ‘r* radiation throug}
hper itself.

ption of the tube bundle towards TEG flow from upstream (e.g. by means of d
iper and sealing air), but where the layout of WHRU-and bypass can lead to a heati

ommon in certain compact WHRU designs.
g-term pressurized dry run

tems where heat exposure of the bundle cannot be ruled out and a depressurizati

ided as it has significant implications to mechanical design.

gn work.

hber of factors ineluding TEG temperature, HTM temperature, selected tube materia
gn code.

h dry run arnticipated (especially pressurized) the likelihood of creep limiting the d
increases.

cre

bp.due to sagging should be considered.

se of

intee

the

fems which do have a bypass and can even have a damper which guarantees a positive

uble
ng of

tube bundle from its downstream side either by radiation or backflow. This scenario is not

bn of

tube bundle is not possible, for example for operational reasons. This condition should be

possibility of tube servicedlife limitation due to creep should be evaluated as part qf the

ep can be a life-limiting factor even in normal operation (without dry run) depending on a

and

psign

he spacing between tube supports exceeds 35 bare tube outside diameters (ISO 13705)

If creep limits the service life of the pressure parts below the overall service life of the system
specified by the purchaser, the supplier should notify the purchaser and obtain acceptance or
propose alternatives if the purchaser requests so.

9.3.3 TEG flow-induced vibrations

For guidance regarding the assessment of flow induced vibration of the casing refer to Annexes A and B.

a) The supplier shall include in the design all measures necessary to ensure that no part of the WHRU
tube bundle shall be subject to vibrations that can reduce the life of the systems below the design
life or create equipment noise exceeding the specified emissions.
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b) Frequencies of gas vortex shedding from the tubes shall not coincide with the natural frequencies

of the tubes.

Tables 5 and 6 set out acceptance criteria that shall be verified to ensure that flow induced

vibrations are avoided:

Table 5 — Acceptance criteria (frequency) to be verified to check for flow induced vibrations

Tolerance from gas
Frequency Operating conditions vortex shedding
frequency
Natural frequency of the tubes L 9N o
first mode All conditions +/-20 %
Natural frequency of the tubes sec- All conditions +/-309%
ond mode

Table 6 — Acceptance criteria (velocity) to be verified to check for flow induced vibrations

Tolerance from c
ical velocity: flu
elastic instabilit

Velocity Operating conditions

Cit-
d
y

All conditions -20%

Tube bundle cross-flow velocity

If dry run is specified by purchaser, the vibration behaviour (natural frequency) of the
ghall be evaluated as well.

The supplier shall provide a vibration analysis.report showing Strouhal numbers,
yortex shedding frequencies for each tube bufidle, as well as the lower natural frequsg
lubes, and the acoustic frequencies of the WHRU casing taking into account the presen

Table 7 shows acceptance criteria that'shall be verified to ensure that there are no f
yibrations.

Table 7 — Acceptance criteria (vibration) to be verified to check for flow induced v

bmpty tubes

and the gas
ncies of the
re of tubes.

ow induced

ibrations

Vibration Operating conditions Limitation

Gas vortex shedding resonance

. 0,02 x OD tube
condition

Maximum vibration amplitude

n case the supplieér cannot provide a rigorous vibration analysis considering the tub

vhich evaluate the potential for vibration in each individual unsupported span of th|
implified calculation procedure considers the tube as a continuous elastic beam

I
gimplifiededlculation procedure reported in Sect. 6 of TEMA can be followed, or similar
\
gJupports with fixed end conditions and simply supported at the intermediate points (4]

b as a multi-

pan beam and-using dedicated proprietary and/or internationally recognized softwapre tools, the

procedures,
e tube. This
on multiple
ube support

lotations)—The imdividual spamsare each treated as @ separate beanr withr its owren

d conditions

(fixed-pinned, pinned-pinned, etc.) and subjected to local exhaust gas flow velocity distribution.
Natural frequencies of the individual spans are calculated and the lowest frequency of the spans
is taken as the representative figure of the whole tube. These calculations shall be performed for
each type of tube. When the gas flow is non-uniform over the entire tube bundle area, an equivalent
uniform modal weighted velocity, such as that defined in ASME Sect. Il Div. 1 Appendix N, Article

N-1300, shall be considered in the vibration analysis.

9.3.4 Tube supports

a)
b)

Unless otherwise specified by the purchaser, tube support spacing shall comply with ISO 13705.

Individual tubes shall be supported and guided in a robust and satisfactory manner to prevent

distortion (lateral or sagging) and damage due to expansion, fretting or vibration of th
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f)

g)

h)

j)
k)
D

Tube bundles should be bottom supported or suspended.
Tube bundles shall not rest on internal insulation or cladding.

The tube bundle shall be designed so that detrimental mechanical forces due to thermal expansion
of the tubes or their supports are eliminated for all specified conditions including dry running
when specified.

The tube supports shall be capable of supporting the weight of the tubes filled with HTM as well
as withstanding stresses resulting from thermal expansion. Loads occurring due to hydraulic

pressure testing shall be considered. Load calculations shall assume a minimum metal-to-metal
friction coefficient 0of 0 3

Unless ¢therwise specified by the purchaser, loads determined for support of beams shall comply
with ISQ 19902.

Sheer ldads shall be resisted by continuous members only. For example, for tube-sheets the §heer
load shall be taken in the web of the tube sheet and not by stiffeners unless theyare continuqgus in
the dirgction of the sheer load.

Tubes shall be supported such that cyclic stresses are kept below the maximum allowable ¢yclic
stress value for the tube material.

The tubje support shall not be welded directly on the tubes.

When tyibes are supported by the fins, at least five fins shall rest on the support.

Tube supports materials shall be selected for the maximufty TEG temperature and be of fully killed
pressure vessel quality. The use of dissimilar materials within one component or compoments
connecfled by welding shall be avoided to eliminateproblems associated with differential thgrmal
expansions.

Unless ptherwise specified by the purchaser, basic allowable stress for tube sheets shall be as
follows:

(i) For|constantload, the basic allowable stress at the tube support design temperature level|shall
comply with ASME IID or ISO 13704.

(ii) Forfa combination of constant load and occasional load (e.g. friction or earthquake), the pasic
allowable stress shall comply with whichever is greater of 2/3 yield stress or the stress leyel at
theltube support design‘temperature according to ASME IID or ISO 13704.

(iii) With FEM analysisybased on the design temperature, the specified design life and the spegified
number of statt-stops; the allowable stresses shall be taken from ASME IID and shall fpllow
the|rules of ASME VIII Div 2. Consideration of the combination of applicable load stresg and
thermal stress shall be given. Temperature gradients used in the analysis shall consider|local
cooling effects such as those derived from CFD analysis (see Annex A).

The design and manufacturing tolerances of the tube supports should ensure that each tube at each
support point is appropriately supported. If the tubes are supported directly on the tube wall, the
opening in the tube support which accommodates the tubes shall have a smooth surface and the
edges been carefully deburred/rounded to prevent damage to the tube wall.

9.3.5 Tube fins

a)
b)

34

Fins are normally helically wound strip type of solid or serrated form.

Fin materials selection shall be based on the peak calculated tip temperature as listed in
[SO 13705:2012, Table 1. This is shown in Table 8.
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Table 8 — Maximum fin tip temperatures

]

q

[
I

Any other fin material selected for design criteria shall be approved by purchaser:

gccordingly.

Tolerances, and Tests of High Frequency Resistance.Welded Fins” available from

Studs Fins
Material Maximum tip temperature | Maximum tip temperature
°C °C
Carbon Steel 510 454
2 1/4Cr-1Mo, 5Cr-1/2Mo 593 549
11-13Cr 649 593
18Cr-8Ni stainless steel 815 815

Peak fin tip temperature shall be calculated using established methods and shall take
he maximum heat flow with fouling as well as any HTM and gas flow imbalarnces.

f dry running is specified by purchaser, the peak fin tip temperatures shall be

Inless otherwise agreed by purchaser, fins shall be continuouslyhigh-frequency welded

‘in tolerances shall comply with those specified in the “International Standard for

nto account

established

to the tubes.

Dimensions,
finned tube

upplier.
(Vhen selecting fin density, fin type and tube aligitment, the type of fuel to be fired |n the GT as
hown in Table 9 shall be followed:
Table 9 — Fin selection guidance
. Risk of light fouling Ideal conditions
Fin data
Fuel? Fuelb
Minimum fin thickness, mm 1,5 1,25
Maximum fin density, fins/m 157 236
Maximum fin height, mm 16 25
Fin type Solid Solid or serrated
Tube arrangement In-line or staggered In-line or staggered
a  “Light fouling” can occur with sour fuel gas or occasional light oil firing on the GT (back up fueljonly,
<2 % of operating time) and when the solids concentration (soot) in the flue gas is less than 0,2 mg/m3 in
dry flué gas corrected to 3 % oxygen.
b« Ideal conditions apply when the fuel gas is sweet (i.e. zero sulphur) and there is no provisidn for
6il firing.

9.3.6 Tube bundle headers

a)

b)

If dry running is not specified, the design temperature for inlet and outlet header shall be the HTM
maximum operating temperature plus 30 K. However, where dry running is specified in most cases
the headers will reach similar temperature to the tubes and hence shall be designed for the same
design conditions as the tubes.

Headers shall be designed to allow for full expansion of tubes and permit accessibility for
maintenance and for welding. Sufficient length shall be allowed on tubes in headers to permit
cutting and rewelding of tubes.

Tube to header weld detail shall be in accordance with the selected code, or where the code does
not define details then the detail should be agreed with the purchaser.
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d) Set-in type connections shall not be used when there is risk of fouling or corrosion from the HTM.

e) The headers should be designed to give a uniform flow and to achieve that, be sized so that the
dynamic head loss is not more than 5 % of the individual tube pressure drop. Where this results
in uneconomic or impractical header size, a higher-pressure loss (up to 10 % of the individual tube
pressure drop) can be accepted, but, in this case, the supplier shall determine the effect of resulting
maldistribution and demonstrate this does not have a detrimental effect on the design and that
resulting film and metal temperatures remain within allowable limits. These calculations shall be
made available to the purchaser on request.

10 Dampers

10.1 Genefal

a) The purchaser is responsible for identifying the requirements for TEG flow controliinto the WHRU,
and the|degree of WHRU isolation necessary for operational and maintenance purposes.

NOTE Dampers are employed for the following functions:
— connlection of the GT exhaust to a bypass stack during GT start-up to allow unrestricted GT start-up|time;
— TEGflow regulation for WHRU start-up or control during operation;

— contjnued GT operation during WHRU shutdown;

— thermal isolation of a shut down WHRU during normal turbine operations.

b) Unless ¢therwise agreed by the purchaser, dampers shall be subjected to a FAT to demonstrate the
requirefl functionality in the cold condition. The content and procedure for the FAT shall be agreed
between the purchaser and the supplier.

10.2 WHRU dampers
10.2.1 Damper and isolator types and:functions

10.2.1.1 Géneral

Table 10 shquld be used as guidance in the selection of dampers and isolators.

Table10 — Guide for selection of dampers and isolators

Type Function Remarks
Multi-louvre~| TEG flow control ADVANTAGES
Damq)er TEG isolation — Inherently capable of TEG flow control.
(MLD) Stack isolation — The downstream velocities across

the duct quickly recover towards a
uniform profile.

— Aseach louvre is pivoted about
its centre, TEG pressure and flow
effects are balanced such that lower
torques are required reducing the
force requirement for actuation (see
comments on actuator selection).

— Faster emergency shutdown than a
diverter damper.
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Table 10 (continued)

Type

Function

Remarks

DISADVANTAGES

TEG leakage rates are inherently
greater than the diverter-type as the
total length of seals around each louvre
exceeds that of the single blade of the
diverter type.

The drive linkage shall include a

mechanical—interlock—in—order to

NOTE Can be used, in conjunction with

assure certainty that the GT cdnrot be
dead-headed.

other equipment, to achieve~100 % isolgation.

Diverter Flap

TEG isolation

TEG flow control

ADVANTAGES

DISADVANTAGES

Lower TEG leakage than the lopvre-
type owing to.reduced seal lengthi

Provides~certainty that the GT cannot
be de€ad-headed as the blade cannot
sinfultaneously block both exit paths.

TEG flow control is less piecise
than MLD type owing to gas|flow
characteristic

Downstream velocity profile across
the duct takes longer to recover.

As the drive shaft is along one edge of
the blade, a high torque is required to
overcome loads exerted on the blade by
TEG pressure and flow.

Slower emergency shutdown [than
louvre dampers.

NOTE 1 Can be used, in conjunction
other equipment, to achieve 100 % isol

NOTE 2 Adiverter is inherently larger
apair of MLDs that would be otherwise
ed. However, two MLDs require intervi

with
htion.
than

heed-
bning

ducting so total weight is likely to be sifnilar.

Integral TEG flow control FEATURES
Circular — Are used in conjunction with cidcular
damper i

WHRU configurations where nested
helical tube coils are arranged in an
annulus around the central TEG bypass.

The arrangement directs TEG into the
annulus and/or through the integral
bypass duct.
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Table 10 (continued)

Type Function Remarks
ADVANTAGES

— Provides certainty that the GT cannot
be dead-headed as the damper cannot
simultaneously block the inlet and
bypass gas paths.

— The downstream velocities across
the duct quickly recover towards a

wiiform-profile
Y P -

— Provides a more uniform TEG
distribution to the tube bundle coil)

— Faster emergency shutdown ‘than a
diverter damper.

— Promotes linear gas flow through the
unit.

DISADVANTAGES

— Operates best©n vertical units.

— Horizontal configurations present
design‘challenges.

Spade plate | TEG isolation ADVANTAGES
golte% to — _ Simple, low-cost, device, but should be
uct flange fitted at a location where duct sections

can be parted, (typically adjacent to an
expansion joint).

— Provides 100 % flow isolation which
can potential provide man-safe access
in conjunction with dampers.

DISADVANTAGES

— The turbine must be shut down while
the plate is inserted and removed.

— Only wused for prolonged periods
of isolation due to time and labour
required to install.

Guillptine TEGisolation ADVANTAGES
slide gate
(oper top
frame)

— An open top frame guillotine provides
access to the blade, seal system and
actuation system at all times when the

agyillatinaicin tho anan naciting
SHretH e s HtRe-6pepoesoh:

— Potentially provides personnel access
isolation in conjunction with seal air,
subject to purchaser’s enclosed space
entry policy.

— With the WHRU inlet louvre (or
diverter) closed and a seal air fan
providing seal air between the louvre
(or diverter) and guillotine, the
guillotine blade can be lowered into the
duct while the turbine is still running.
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Table 10 (continued)

Type Function Remarks
DISADVANTAGES

— Heavier and more complex than a
flange bolted spade plate, but can be
closed more quickly

— Requires limit switches to provide
correct signal position for GT start
which can reduce availability of the

suctam
Yot T

Guillotine TEG isolation ADVANTAGES
slide gate — Can be operated while the“turbjne is
(fully en- running.
closed)
DISADVANTAGES

— A fully enclosed)guillotine requires
the turbine oy be shut down for
access to thejblade, seal systen} and
actuationksystem.

NOTE Cafyprovide 100 % isolation in} con-
junctionwith seal air.

10.2}1.2 By-pass control
Bypdss control can be by diverter, louvre dampers, orintegral circular damper.

1) Thelouvre or integral circular type should be’iised if required to accurately control the TEG flow to
the WHRU during normal operation.

2) [ail safe position is considered to be with the bypass duct open and the WHRU / heating duct closed.

10.2}1.3 Isolators

a) Isolators that assure 100 % TEG seal to the WHRU or bypass should be either:
i) diverter damper with seal air system, or

ii) louvre damperswith seal air system.

These isolators-are not adequate to allow persons to enter the duct because of the gossibility of
jccidental-gpening of the damper.

b) Isolators thatassure 100 % seal for process and are man safe are subject to the purchasé¢r’s enclosed
gpace entry policy. This isolation can be achieved by:

(i) bolted spade plate;

(ii) guillotine slide gate with seal air system in combination with dampers.

10.2.1.4 Stack dampers

a) Stack dampers have the following functions:
(i) to conserve heat within the tube bundle when the GT is off;
(ii) to protect the tube bundle from rain ingress;

(iii) to contain any fire within the ducting.
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b)

NOTE Only considered when the HTM is flammable.

One or more stack damper blades shall be designed such that high duct pressure drives to the open
position, reversible when pressure declines in order to ensure that the GT cannot be operated
against a closed exhaust system.

10.2.2 Damper and isolator design

10.2.2.1 Design temperature

a)
b)

10.2.2.2 Cdnstruction (all types)

a)

b)

10.2.2.3 Damper insulation

a)

b)
c)

10.2.2.4 Damper actuation

a)

b)

g)

h)

40

The duct design temperature shall be used for the design of damper.

If a design temperature is not specified, the maximum TEG temperature shall be used (see’9:3(2.2).

Damper and isolator casing design, construction and internal insulation shall be to the yame
standard as the adjacent ducting.

Seal elements shall be of heat and corrosion resistant alloy such as Inconel.800 or 625.

The materials and fixing methods of the internal insulation shall be equal or better than that ¢f the
adjacent ducting. In order to avoid external hot spots, the design shall minimise heat condugtion
via parfls that penetrate the insulation.

No accepsible external parts should operate at temperatures hazardous to personnel.

No extefnal parts shall exceed the appropriate hazardous area temperatures.

The actpator shall be designed for on/off, purge and modulating regulation and normally takes its
operating signals from a controller{supplied by the purchaser) with a temperature sensor in the
outlet HTM pipe for each unit.

The actuator shall be fitted with a positioner and position transmitter wired back to a |local
accessible junction box.

When ysed for TEGflow control, a system shall be provided such that on power air presfsure,
hydrauliic or signalifailure the dampers move to the fail-safe position.

The acthiator.shall have override for manual operation.

ronfined space access is required the actuator shall have a manual locking device ensfiring

Actuators shall be selected to provide a margin (typically 50 % to 100 %) over that required by the
damper under the most severe operating condition.

Drive linkages, including shafts, shall be capable of transmitting at least 110 % of the maximum
load that can be imposed on them by the actuator.

If a quick change-over is specified, the supplier shall ensure that the operating system is designed
accordingly. For example, for pneumatic systems, the supplier should advise the purchaser on the
volume of air required to achieve this and agree how this is to be provided without adverse effects
on the site compressed air supply.
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10.2.2.5 Actuator selection

a)

b)

c)

d)

f)
g)
h)

i)
j)

10.2{3 Damper and isolator TEG leakage performance

a)

b)

d)

Damper drive should be by pneumatic, electric or hydraulic actuators. The selection depends on the
size and type of damper.

When a suitable compressed air supply is available, the usual choice is pneumatic actuators because
of cost and simplicity.

Pneumatically driven dampers should be either double-acting with fail-safe powered from an air
reservoir or single-acting with fail-safe by spring-return.

Unless otherwise specified by the purchaser, auxiliary pressure parts, for example pneumatic
ctuation the damper air reservoir, shall be designed and constructed in accordance with EN 13445
r ASME VIII Division 1. Each reservoir shall be provided with a vent, drain~pregsure gauge,

inspection opening, and be protected by a pressure relief valve. All pressure part calcullations shall
e submitted to purchaser.

o achieve very high thrusts (e.g. for large diverter dampers), the requireddiameter of p pneumatic
ctuator cylinder becomes very large. In this case hydraulic systems-are typically mojre practical.
ydraulic actuators operate at higher pressures than pneumaticcand thus achieve the required
hrust with a smaller cylinder. The hydraulic fluid is also incompressible and hence there is no risk
f “flutter” which can be an issue on large diverter flaps.

OTE Hydraulic fluids are usually flammable with a typigalauto ignition temperature of pbout 200 °C.
ydraulic actuation enforces a hydraulic system in close vicinity of an exhaust system with a|steel surface
emperature which can cause auto ignition in case of a hydraulic leak.
Hydraulically driven dampers shall use a local orCentral hydraulic system.

The hydraulic cylinder shall be equipped with;a lip seal.

The actuator shall include all necessary limit switches, positioners, etc., insidg a weather
proofed casing.

The hydraulic system shall be equipped with radiation shield(s).

Electric drives are suitable«for guillotine dampers. Electric drive can be used for bypass control,
but it can be difficult to praovide a fail-safe system.

The purchaser(is-tesponsible for specifying the isolation requirements, and hence gamper seal
efficiency forithe environment downstream of the damper(s).

The specified acceptable leak rate depends on the following:

i)-“Heat loss only (energy conservation and pressure build up in the WHRU when operpting via the
bypass).

(ii) Ifagood bypass seal is necessary in order to utilise all available TEG in the WHRU.

(iii) Requirements for use of the MLD as part of a safe access system while the GT is operated via
the bypass.

(iv) Requirements to run the GT when the HTM and/or the WHRU is out of service.

The damper design and construction shall ensure that, within the specified service interval, actual
leak rates do not exceed those specified.

For bypass dampers, the seal efficiency should be:

(i) Better than 99,8 % on area for both the WHRU and bypass stack (based on process
considerations only).
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(i) 100 % (in combination with purge air or other device) for the WHRU if confined space entry
into the downstream environment is to be created with the GT running.

(iii) For partial heat recovery applications where all specified operating conditions involve some
TEG bypass and isolation is not required, i.e. only flow control function, then simplified damper
seals are acceptable.

e) Forhighsealingefficiency, seals shall be all-metal, non-permeable and flexible, so as to accommodate

expansi

on and movements of the damper and casing.

The supplier shall state in the proposal the degree of TEG flow isolation, as a percentage of TEG flow at

maximum |

10.2.4 Sea

a)

b)

f)

g)

h)

j)
k)

42

Seal air
the folld

NOTE
and leak

Sealing
blade w|
of the d

Sealing
two set
airis bl

100 %

A valve

of TEG fo the seal air fan(s).

NOTE
airfanr

The seall air fan shall be designed for a minimum pressure of 5 mbar at the injection point

the ups
damper

NOTE

ad prnvidpd hy the dzmppr type prnpncpd

air isolation system

systems can be used to isolate the TEG flow from downstream equipment. When spec
wing provisions apply.

Seal air systems can sometimes not be suitable for downstream isolatiorras the air can be h
into the downstream equipment making the temperature too high for pérsonnel entry.

systems for diverter dampers shall comprise double seal around the perimeter of
ith a cavity between the seals. Seal air is blown into the cavity at a pressure exceeding
ict.

systems for louvre dampers can be achieved eitherdby blowing air into the space bet)
5 of dampers at a pressure exceeding that of the duct,or a tandem louvre blade design w
bwn between the blade skins creating a complete air barrier within the blade.

shall automatically isolate the air supply when seal air is not required to prevent back

A nominal purge air flow cantbe’set through a minimum stop/opening on this valve with th
inning continuously.

tream duct pressugedt a flow rate that can be expected at maximum worn seals
blades.

The duct pressure varies with different GT operating conditions and the differential pre

across t

The sea| air syStem shall be instrumented to detect any seal leak or loss of air supply which
in lack pf-adequate differential pressure between the seal air and duct system (in which c
back-uplfan should be started)

e closed damper can vary with seal deterioration.

ified,

pated

each
that

ween
there

isolation can also be achieved by blowing(Seal air between the louvre damper ang the
guillotife.

flow

b seal

bove
the

ssure

esult
hse a

Seal air fans shall be supplied as a set of two 100 % fans, i.e. duty/standby. Means to prevent
backflow through the non-operating fan shall be provided, for example a non-return gravity

operate

d flap damper.

Each seal air fan volumetric capacity shall be at least twice the calculated seal leak rate to cater for

in-servi

Seal air

ce deterioration of the seals.

fan electric motors shall be selected to be "non-overloading".

Seal air fans shall comply with specified requirements for rotating equipment and electrical
systems.
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10.2.5 Damper casing and insulation

a)

b)

The damper casing shall be designed and constructed in accordance with the ducting specifications
from this document, e.g. for materials, construction details, pressure, temperature, insulation and
cladding (hot or cold casing) duty.

The lining and insulation requirement of the damper shall also meet the lining requirements stated
in this document.

10.2.6 Blades, shaft and operating gear

a)

b)

c)

d)

e)

10.2|6.1 Blades

a)

b)
c)

10.2}6.2 Operating gear

a)

b)

‘)
d)

ot o . e e -
DIIAILS, DIAUCS dI1U SCdI1S SITOUIU DE O TODUSU COIISLINUCLIOIT dIIU 1dDI'ICAdLEU IT OIIT ITIdLET 1d1S) Selected fOI‘
the operating conditions.

Pamper components shall be designed to prevent distortion or deterioration due(to corfrosion, high
temperature or TEG flow conditions.

[omponents shall be designed to prevent vibration or fluttering at any, blade position under any
perating condition.

The damper system shall be designed for manual operation and the equipment supplied shall be
easily accessible.

The damper system shall be equipped with a position indicator.

Blades shall not move under the effects of gratity, dynamic pressure or vibration, ¢xcept when
gpecifically designed to open under the influence of high static pressure in the dudt (e.g. stack
dampers).

The extremes of blade travel in both directions shall be detected by position switches.

The mounting brackets of the switches shall be adjustable to allow the closed positions of the
damper blade to be set accurately.

Linkages shall be outside of the ducting, and accessible for inspection and maintenpnce during
ormal operations.

inkages shdll-operate correctly when the duct is displaced, e.g. due to thermal ekpansion or
ind loads.

inkages shall be self-aligning and adjustable and should be designed with little or no npaintenance.

osition switches shall be wired back to a local accessible junction box.

10.2.6.3 Shaft and bearings

a)

b)

‘)

d)

The damper shaft shall extend through the duct wall to external bearings and shall be sealed to
prevent TEG leakage.

The shaft seals can be a labyrinth of metal diaphragms to accommodate expansion, a mechanical
seal or a conventional packed gland.

The damper shaft bearings shall be of the self-aligning and non-lubrication type. Materials shall be
non-jamming (e.g. bronze) and can consist of replaceable pads.

The design shall ensure that the shaft at the bearing area is cooled sufficiently to ensure that its
rated temperature is not exceeded.
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e) Levers shall be attached to shafts by means of sunken keys or rectangular ends.

f) Each shaft shall be marked to indicate the blade position. This mark shall be clearly visible during

manual

operation, and from grade level.

10.2.7 Requirements specific to damper types

10.2.7.1 Diverter dampers

Diverter dampers shall be provided with brackets for support from local steelwork, details to be agreed
with the purchaser.

ulti-louvre dampers (MLDs)

pair of MLDs is used for bypass control, a robust fail-safe (mechanical) inteflock shs

includeI to ensure an open gas-path for TEG at all times.

10.2.7.2 M
a) When g
b) MLDss
10.2.7.3 R
a) The spa
when n
b) The sp4
equipm
c) The lift]
equipm
d) The pu
lifting e

ould be supported from adjacent ducting.

tmovable spade plate isolators

de plate shall be provided with sufficient protection against'corrosion, both in servic
tin use.

lde plate should be manually inserted from the top’of the ducting by means of lj
ent.

ing equipment should be assumed to be available as part of normal site mainten
bnt and shall not form part of the isolator supply.

chaser or the contractor should provide’an overhead support and means of access fo
quipment. While not in use the spade should be safely and securely stored locally, prefe

above the duct.

10.2.7.4 Guillotine slide gate

a)

b)

44

A guillo
operatil
loads as

The slot
therma

Alterna
remove

tine slide gate may be similar to a removable spade plate, but with permanently inst]

sociated with opehing and closing the assembly.

in the duct totifisert the spade during use shall be sealed with a flange and designed sd
insulation\dand/or purge system avoid overheating and hot spots.

fively;-the spade plate should be fully enclosed, enabling the plate to be inserted
l_with the GT operating. This arrangement requires careful design in order to er

111 be

b and

fting

ance

r the
rably

alled

1g gear and structural-channel frames capable of supporting the assembly and handlinfg the

that

and
sure

reliability-ef the position switches and drive mechanism.

Guillotine blades should be of robust construction and shall have stiffening designed to prevent
distortion at the maximum operating conditions (temperature and pressure).

Guillotine blade seals shall be metal leaf type designed to minimize leakage.

Guillotine drive mechanisms shall be either chain and sprocket type or worm drive type.

To avoid risk of jamming:

(i) The mechanism shall ensure correct alignment during insertion and removal.

(ii) The mechanism shall drive the blade in both the open and closed directions.
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h)

i)

11 WHRU system control

11.1‘ General

a) This clause describes the requirements for control and instrumentation systems and reg
gnd fittings for operation and protection of the equipment.

b) The purchaser is responsible for the integration of the control of(the WHRU with

ther associated systems under all defined operating conditions.“This should includ
fequirements relating to instruments, wiring, junction boxes, imptilse tubing, hazardoug
IP rating and other such items, and cover WHRU hot and cold standby and start/restart

c) $upplier shall comply with these requirements, taking” the following guidance
¢onsideration.

11.2 Guidance notes

a) [Priortoany start-up a GT/ exhaust system pubge sequence should take place, for examp
o NFPA 85.

b) The control system should include the-TEG flow control inlet/bypass damper arrangen

c) Apllnecessary instrument process.donnections should be provided by the supplier.

d) The format of analogue (e.g:*4-20 mA or digital) and logic signals. Damper logic a1
¢ontrols are normally supplied and configured by the purchaser (or the GT supplier)
gystem remote from the;WHRU according to a control system description provided b
gupplier.

e) The supplier should include a local damper control panel configured such that in the ev

ss of logic signal or damper power (e.g. instrument air), the damper(s) are driven to
osition(s)

f) KEach pressure instrument should be supplied with a manifold valve, for example 31¢

ISO 21905:2020(E)

(iii) The driver and mechanism design shall include a large margin to overcome friction and dead
loads (typically 200 % excess capacity).

The purchaser is responsible for specifying if manual or automatic operation is required. The drive
should be by electric motor. Manual operation is labour-intensive and should only be considered if
anticipated use is very infrequent. Where the system is of the fully enclosed type manual operation

shall not be used.

Position switches shall be provided to prove fully open or fully closed.

alves'for DP instruments.

lated valves

the GT and
e all project
arearating,
modes.

notes into

le according

hent.

hd analogue
in a control
y the WHRU

ent of either
the fail-safe

b SST 5-way

11.2.1 WHRU control philosophy

The purchaser is responsible to specify the required WHRU system control philosophy and the supplier
shall comply with such requirements. Typically, a basic control philosophy may be configured as follows:

a)

Basic control philosophy:

(i) The analogue control signal to set the damper system position is provided by the remotely

located control system.

(ii) The logic control signal to enable the WHRU to function and to operate the damper as required

during the GT start-up purge is provided by the remote-control system.

(iii) The HTM flow is maintained constant by the remote-control system.
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b)

11.2.2 WHRU control philosophy — Standby units

a)

b)

11.2.3 Signals

The purchager is responsible to specify the requirements for control signals and the supplier
comply with such requirements, taking account of the following notes:

a)

b)

11.2.4 Wirjing, junction boxes and protection

The purchager isssesponsible to specify the requirements for wiring, junction boxes and protecti
same, and t]]ne supplier shall comply with such requirements, taking account of the following notes

a)

b)

46

(iv) The HTM temperature leaving the WHRU is controlled at a constant by varying damper

position. Hence variations in WHRU performance at the different operating cases result in a
change in the HTM temperature at the WHRU inlet.

NOTE The WHRU/damper purge logic and control logic normally incorporated into the remote-
control system generates a permissive logic output for the WHRU to operate (i.e. loss of this signal
triggers the dampers to fail-safe). The HTM temperature controller is included in this remote-control

system. It generates an analogue output to:
(i) Open and close the dampers as dictated by the logic system to achieve the start-up purge.

(ii) Position the dampers for normal operation.

When WHRU multi-louvre type inlet and bypass dampers (MLD’s) are used, they are nortlnally

driyen by a common actuator via a mechanical link to prevent simultaneous closure ofboth g

aths.

When the inlet and bypass dampers are driven separately a mechanical interlock’is normally

provideld to prevent simultaneous closure of both paths. If inlet and bypass louvre damper
driven geparately, they can either share a common signal or use separate outputsfrom the con
controller.

If the qpantity of WHRUSs to be supplied includes standby capacity, the purchaser and the sug
should dliscuss and agree how the load is to be shared/reduced, for example run all units at a |
load, or|run fewer units at a higher load.

If a WHRU is maintained on standby, purchaser and stipplier should discuss and agree hoy
HTM flgw to the standby unit will be varied in the centext of the degree of TEG isolation an
use of dump or trim coolers and / or 100 % sealing.TEG isolation system:s.

All analogue signal transmission _to and from the WHRU/damper system shall be of the 2
4-20 mA DC type.

The purchaser should specify the required redundancy philosophy, for example “two out of tl
2003 configuration. Binaty signals should be provided on a dry contact.

5 are
mon

plier
pwer

v the
d the

shall

wire,

ree”

on of

All instruments and control system devices shall be protected and weatherproofed to maintain
an acceptable data transmission and integrity at the stated environmental conditions as noted in
equipment data sheets or specifications. The IP minimum rating for external installations should
be in accordance with IP56 (EN 60529) and suitably certified for the hazardous zone if applicable.

All necessary interconnecting cable trays, conduits and junction boxes with appropriate electrical

and weather protection should be designed in accordance with project requirements and sup
prewired to the agreed location and tested in accordance with the ITP.

plied

Where a corrosive environment is specified, enclosures should be fibreglass, stainless steel,

galvanized, or epoxy resin painted.
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d) Junction boxes and other equipment that need to be accessed should be mounted at an accessible
location where the maximum height above access platform should be a maximum of 2 m and

minimum of 0,5 m.

e) Supplier should clearly indicate all the I/O signals from/to the WHRU, necessary to permit
operation, start-up and shutdown of the WHRU and the related accessories.

f) All the instrumentation shall be certified as suitable for the area classification stated by the

purchaser.

g) Allinstrumentation setting, connections and control systems should be fail-safe.

h) All materials for process and pneumatic connections (tubing, compression fittings, mapifolds, etc.)

ay be included in the supplier’s scope of supply.

i)  $upplier should show on a dedicated layout drawing the position of the juniction bdxes and the

fouting of the cable trays.

11.2{5 Control, instrumentation and protection equipment

The purchaser is responsible to specify the requirements for contrel and instrument equfipment, and

the spupplier shall comply with such requirements, taking account ofithe following notes:

a) Allinstrument impulse tubing connections should be arranged to avoid contamination|or blockage

by dirt or particles.

b) Typical instrumentation requirements (see Table 12).

Table 12 — Instrumentation definition

All necessary instrument connections within the, exhaust system scope of supply should be
provided by the supplier to facilitate control monitoring and testing.

Guillotine damper OPEN

. Supplied by (un- |\ datory or
Instrument Function less otherwise .
purchaser - Option
agreed)
Position switch - T b i M
o\permit ass purge supplier

Bypass damper OPEN L yP purs PP

Position switch -

To permit WHRU purge supplier M

WHRU damper OPEN
0]

Neede( if the inlet

Position switch - T b y and bypass louvres

0 permit ass purge supplier ;

Byp4ss damper CLOSED p ypass purg pp are not| driven by a
commoh actuator or
protected by a me-
chanical link.

0
Needed if the inlet
Position switch - T  WHRU y and bypass louvres
0 permit urge supplier ;

WHRU damper CLOSED p purg pp are not driven by a
common actuator or
protected by a me-
chanical link.

Position switch -

To permit WHRU startor run, i.e. no blockage | supplier M
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Table 12 (continued)

or equivalent system

. Supplied by (un- Mandatory or
Instrument Function less otherwise .
purchaser - Option
agreed)
Damper local control supplier M
board with fail-safe system pp
To indicate maldistribution of HTM flows, 0
Tube skin metal temper- |blockage of individual flows and associat- )
ature thermocouple and |ed temperature increase. However, such [supplier Quantity agrged be-
transmitter systems have a tendency to be inaccurate tween supplier and
. — 2 i 11 Lol purchaser
1998 UPCI dlivulldliu dIrc PULClllelly Ul <liduiIcT, I
Duct connection for
Pressure transmitter up- supplier 0
stream of anly damper
To trip GT if duct is blocked. Three pres-
sure transmitters or switches should be
installed in the TEG exhaust to indicate
high pressure excursions, downstream GT
Pressure trahsmitter discharge flange and upstream diverter or supplier 0
multi louvres damper to trip GT if duct is PP
blocked. One out of two “loo2” voting logic
for alarm, two out of three “2003” voting
logic for trip. This shall be mandatory (M)
if the exhaust duct/stack can be blocked.
Flanged branch, in WHRU |Connection for temporary flue gas spet
exit duct/stdck, with blind |measurement equipment.
cover with chains Position should take into account proximity [Supplier M
Blind flange$ shall be fit- |of nearby equipment to ensurethat a long
ted with a threaded cap  |probe canbeinserted to traverse across duct.
Temporary flue gas spot To fit flanged branch du€tconnection purchaser 0
measuremeijt equipment
Flanged brajpch in WHRU |Connection for permanent continuous emis- }(ionnectlon by ex-
i : o . aust system sup-|0
exit duct/stdck sions monitoringequipment. plier
Permanent gmissions Equipment supply 0
monitoring ¢quipment to be agreed
HTM exit tethperature To@larm/interlock on high temperature. |purchaser M
transmitter
HTM exit tethperature For HTM temperature controller purchaser M
transmitter
Low flowalarm/interlock with WHRU running.
HTM flow transmitter Low flow alarm/interlock with WHRU by- |Purchaser M
passed (<100 % damper seal)
WHRU exit duct smoke To initiate fire extinguishant, flammable urchaser 0
detector HTM systems only p
Tube skin thermocouples |For on-line WHRU lifetime calculation supplier 0

Tube skin thermocouples
or equivalent system
measuring instrument/s

For on-line WHRU lifetime calculation

Equipment supply
to be agreed

c¢) Temperature measurements should cover approximately 130 % of the expected operating range
and shall be installed with thermowells to allow maintenance in operating mode.

d) Pressure measurements should cover approximately 130 % of the expected operating range.

48
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e) End position switches on MLD’s should be fitted to the shaft(s) furthest away from where the
actuator is connected, to best detect failure on most (if not all) interconnecting linkages.

11.2.6 HTM process side valves and piping

The purchaser is responsible to define the requirements, battery limits and scope of supply for the HTM
circuit external to the WHRU and the supplier shall comply with such requirements, taking account of

the following notes:

a) The purchaser is responsible for defining the battery limits and scope of supply for the HTM circuit

external to the WHRU.
b) IFlanged connections of valves should comply with EN 1759-1 or ASME B31.3.
c) [Flange connections of valves 1 1/2” (3,8 cm) and lower should be class 300 minimum| except that
ressure relief valve outlet flange rating can be class 150.
d) The supplier shall provide valves suitable for venting and draining the coil:
NOTH In addition the following listed valves are typically required See Table-3.
Table 13 — Tube Bundle Valves
Location Remark
Coil pressure reliefvalve | The rating and setting of pressure reliefvalves should be in accordance withthe specified

code, e.g. API 521.

All pressure relief valve outletssshould be supported to withstand the re
generated while the pressure gelief valves are discharging.

Pressure relief valves shoulddischarge to a safe location.

The pressure relief valves’should be of the direct spring-loaded type with spr
to the open air, i.e. with open bonnets.

Pressure reliefgalves should be provided with alifting gear and clamp for h

If standby valves have been specified, to enable online testing, maintenancsg

hction forces

ings exposed

ydro testing.

and calibra-

tion, an approved interlocking device should be installed to ensure non-restricted relief.
Coil pressure reliefvalve. | The tatal relief valve capacity should be based on the maximum possible hedt input when
Additional requirements isalating valves are closed.
ifthe]HTM contains water|The maximum heat input should take into account the maximum GT load.
Discharge piping arrangement should be designed for steam or liquid discharge.
Coil pnlet and outletiso- | These should be located in the nearest accessible positions. To achieve this, the valves
latinjg valves should be a short distance from, but not out of sight of the tube bundle conlnections.
These valves may be remotely actuator operated if automatic/remote staft-up is spec-
ified by the purchaser.
Coil dramrvatvets) Theseshoutdbetanmdoperated:

Connection should be at the lowest point in the bundle or headers.

The drain connection and valve should be a minimum of 50 mm NB, but should be sized

to drain tube bundle contents within approximately 1 h.
The drain should discharge to an HTM storage vessel.

The valve shall be accessible from a permanent platform; to achieve this, i
short distance from the tube bundle connection.

t should be a

This valve should be remotely actuator operated if automatic/remote start-up is specified
by the purchaser.
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Table 13 (continued)
Location Remark
Coil vent valve(s) Connection should be at the highest point in the bundle or headers.

Size should be a minimum of 25 mm.

The valve should be accessible from a permanent platform; to achieve this, it shou
a short distance from the tube bundle connection.

The valve should discharge to a safe location away from any work area.

hy the purchaser

This valve should be remotely actuator operated if automatic/remote start-up is specified

1d be

valve

I
Pressure gallge and The branch connection should be adjacent to the pressure relief valve and fitted

an isolating valve.

The isolating valve and gauge should be properly supported and accessible.from a
manent platform.

with

per-

12 Access

12.1 TEG path access

a) The ex}
facilitat]

b) The nuj
be agre

(i) Avd
rep
locd
toh

(i) Eas
(iii) In g

, inspection and maintenance

jaust system shall be equipped with access doors and/jnspection hatches (opening
e inspection and maintenance philosophy specified by-the purchaser.

nber and location of openings, and their function fmaintenance and/or inspection) s}
bd between the supplier and the purchaser based'on the following guidelines:

id locations where the most unsteady TEG flow patterns are present. Access ¢
Fesent a discontinuity in the internal lining and insulation system and should therefo
ted in areas where the wall pressure fluctuations (due to unsteady TEG flow) are exp¢
e lowest.

y access from the outside.

articular it should be possible to visually inspect the following:
all duct and casing internally lined surfaces;

all WHRU tube bundles from either side;

all header sGpports;

all damper blades, seals, shafts etc., from either side;

allsilencers components - from either side;

s) to

jould

loors
re be
bcted

attexpansion bettows;

any flow straightening devices.

c) Unless otherwise specified inspection/access doors should be either rectangular or circular type,
600 mm x 600 mm or 600 mm diameter free opening minimum. Access doors should either be
bolted and vertically hinged so that the doors swing open horizontally or bolted with a davit
installed to facilitate lifting and removal of the door. Rectangular access doors shall be constructed
with rounded corners with minimum radius of 50 mm.

d) Openings such as observation ports for visual inspection from outside, or removable hatches
for insertion of temporary instrumentation, should be located and sized to suit the specific
requirements.

50
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12.2 WHRU

a) Unless otherwise specified by the purchaser, it shall be possible to access the following areas for

b)

d)

f)

the purposes of inspection, repair and maintenance without cutting into casings:
(i) All tube bundle return bends.
(ii) All header connections, i.e. tubes, vents, drains, supports.

(iii) Outside surfaces of end tube bundle supports.

(iv) Inspection/access doors shall be provided upstream and downstream of silencers, diverters,

visual inspection/maintenance, to permit viewing of representative tubes))lo
damper, silencer panels, etc. Access doors shall also be designed for the remova
panels and any other component installed inside the ducting and that needs to be 1

Fixed (non-temporary) platforms with ladders, cages, handrails shall*‘be’provided
each inspection/access doors. Platforms shall also be provided around the WHRU fq
and removal/insertion of tube bundle for maintenance, and fer\access to all the
of the diverter and louvre system (i.e. control panel, bearing\hoses, leverages, s}
actuation, etc.).

The purchaser is responsible to specify requirements forinserting equipment to visy
eader internal surfaces.

rovision for such inspection can be made by including an externally accessible blir
ach header, or, by means of a removable pipe spo0l on the inlet and outlet connections

ccess to header boxes, WHRU free end, anddampers for maintenance shall be providg

OTE Once the WHRU has been shut déwn and allowed to cool to ambient temperature, g
nter the WHRU sections through the access doors provided subject to site confined space
rocedures.

The supplier shall state any special provisions required for prolonged shut down fo
gdnd maintenance of the WHRU. Facilities for proper draining or blow drying which 4
o protect against corrosien during shut-down periods should be considered and agrsg
purchaser.

INOTE Some WHRUY tube bundles, if configured with triangular tube pitch and horizontal
night not be natuxally and fully self-draining, and require a particular draining procedure.

$upplier shall>identify in the operation and maintenance (0&M) manual the poten|
¢onfinedspace entry. Purchaser is responsible for development of detailed procedures f

INOTEY  Measures for exhaust system entry typically include the following:

louvres, WHRU tube bundle and any other component installed inside the ducting which needs

vre blades,
l of silencer
eplaced.

for access to
rinspection
components
1aft, manual

ally inspect

1d flange on

d.

ersonnel can
entry control

I inspection
re required
ed with the

flue gas flow,

ial risks of
such entry.

(—Gastestingtoemsurecorrectoxygentevetanmdtackof harmfulgas:

(ii) Robustinterlock to ensure that the GT startis prevented.

(iii) Dampers and/or guillotine interlocks to ensure the correct position with no possibility to
(iv) Checks that seal air systems as applicable are fully operational.

(v) Entry access watchman and system in place.

(vi) Safe access provision.

(vii) Internal lighting.

NOTE 2
confined space entry protection considering the potential exposure to fibres that are part of thel
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13 Installation

a)
b)

c)

d)

f)

g)

h)

52

The equipment should be in as few parts as practical considering shipping and handling limitations.

The purchaser should advise on the installation method and equipment at site for the supplier to
consider the size of each part for easy installation.

The supplier shall issue a step-by-step installation sequence with reference to the relevant
drawings. This shall include weights, location of the centres of gravity and the identification of
temporary supports, lifting lugs or bolt eyes to be used.

The design of the site casing, ducting and stack joints and the continuity of the final installed
insulatipn and lining shall be undertaken by the supplier during the engineering phasecard all
necessary components shall be supplied together with detailed instructions.

NOTE For exhaust systems with internal insulation, which are delivered to site/yard.jmpre-insylated
modules), the correct installation of the insulation and lining system to cover the duct flanges’after ass¢mbly
is criticall for the correct function and service life of the whole system.

To ensyre the faultless installation of insulation and lining system, the'\supplier shall isque a
project-specific procedure with drawings and deliver all required parts-and material (e.g.| pre-
manufafrtured liner segments, insulation, bolts, nuts, washers, seal weldyprocedure if applicable).

Shop fabricated modules shall be designed to avoid additional welding, forming or other machjning
operati(jms on the assembly site apart from as noted in g) below. In the case of damage diyiring
transpart or site fit-up problems a repair procedure should be\issued by the supplier and approved
by all parties involved.

The mefhod of site assembly and sealing of the finished modules should be agreed between the
supplier and the purchaser. This shall either be done’by seal welding with site installed liner ¢over
or by bplting and gasketing only which is a lower integrity joint but minimizes site installption
effort ahd internal access required.

For renovable bundles, coils should be transported in the module unless otherwise agreed bl the
purchager.

NOTE 1| It is common practice fer a' representative from the exhaust system supplier be on sjte to
supervige the installation.

NOTE 2| Installation activities-include but are not limited to:
(i) Chedking the packing-on/arrival against the packing list.
(ii) Chefking the packing for any damage during transportation.

(iii) Verjifying thatthe modules are properly stored on an even ground before installation.

(iv) Vishally inspecting the modules after the removal of the packing and before handling or lifting.

(v) Verifying that the installation procedure is well understood by personnel through training and that all
necessary tools (e.g. torque wrenches) are available.

(vi) Verifying that the lifting equipment is in good working condition with all certifications up to date and
that the operators are qualified to use it.

(vii) Verifying that the slings and shackles are new or in good condition.

(viii)  Verifying that the gaskets, bolts and nuts to be used are those specifically purchased for the
installation.

(ix) Ensuring, prior to installation, that the position of the support points is such that the installed unit
matches the connection to the GT within the tolerances of the expansion joint.
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(x) Supervising the installation of each module and checking that the gasket between the module flanges is

properly installed.

(xi) Assembling of the different modules of the exhaust system with all its component parts.
(xii) Bolting of the exhaust system to the receiving steel structure or the concrete foundation.
(xiii) Connecting the exhaust system with the GT outlet flange.

(xiv) Connecting the exhaust system bundles with the process piping.

(xv) Installing the instruments according to the hook up drawings and wiring to the junction box.

xvi) Wiring of the electric motors and of the lighting to the junction box.

xvii) Verifyingthatthe insulation and lining system covering duct flanges, which are mated at
dite, are installed correctly.

gxcessive axial elongation.

xix) Verifying that the dampers are properly installed according to\thé supplier’s instrug
particular importance to ensure that the duct flange of the damper is connected and level, as dj

gffect damper sealing.

xx) Verifying that the flanges of the process piping and the’h€ader flanges of the bundles
3ligned before fitting the gaskets and bolting the flanges.

xxi) Verifying the fixed point and the sliding points onithe steel structure or the receiving foy
(xxii) Checking that the stackis vertical.

xxiii) Applying touch up paint where the paint has been damaged.

(xxiv) Proceeding to the final visual inspection internally and externally.

xxv) Ensuring thatall transport security devices and temporary equipment are removed.
xxvi) Checking thatall the desimentation has been supplied.

The supplier shall detail.any conservation measure to keep the equipment in good cq

the site of operatjon-taking into account:
i) transportation from the site of installation to the site of operation;
ii) lengthof time (sometimes several months) between the end of installation and sta

iii) weather and environmental conditions at the assembly and operating sites.

xviii) Verifying that the expansion joints are properly installed without lateral distortion,

the assembly

twisting or

tions. It is of
stortions can

are properly

ndation.

ndition and

gvoid corrosion for the period of time between the end of the installation and the comnpissioning at

't up;

ff!’\o ]nqr‘c‘ r‘ur!nn’ trancnartatian /inctallation malko tamnararyg re anFnrnnmnnfc ne

ressary (e.g.

T PO ta e o o te e e T O ek E e S p ooy ST o cereeo—11e

WHRU bundle, damper) Wthh are to be removed before start-up, such measures shall be clearly
marked, e.g. painted in red or yellow colour, and removable without hot work or risk of causing

damage to the equipment. Documentation specifying these requirements shall be inc

luded in the

installation procedure together with description of how and when during the installation sequence

they are to be removed.

k) Allsite installed fasteners shall be supplied with a minimum of 3 % spares for site assembly.

14 Pre-commissioning and commissioning

a) The pre-commissioning and commissioning activities correspond to the final checks and tests of
the exhaust system to verify that it complies with its design and operational specifications and that

it can be operated safely and trouble-free.
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b)

f)

g)

h)

54

The pre-commissioning of the exhaust system and WHRU should be undertaken simultaneously

with the pre commissioning of the GT and HTM circuit before they are started up.

Pre-commissioning and commissioning are very integrated activities which require

the

involvement of all the parties concerned with the exhaust system supplier, GT supplier, purchaser

and any related subcontractors.

Although most of these activities take place after the fabrication of the exhaust system, they should
be planned and engineered well in advance in order to be executed in a safe and efficient manner.

In particular, the planning should define where and when these activities take place.

NOTE For instance, where specified, subparts like the dampers can be partially or fully commiss
throughfa FAT in the subsupplier workshop before the dampers are shipped to the installation site.

oned

This tesf requires that the dampers are made fully operational in the workshop including the actuatdr, the

actuator| control and the sealing air system (fans with their electric motors, air receiving drum, air pi
This test, for example for MLD’s, is intended to demonstrate among other things:

bing).

(i) that both dampers are operating smoothly and in parallel (one opening thée other closing) ovgr the

full range;

(ii) thafthe bundle damper fully closed, bypass damper fully open is reached within the required per

od of

time, thdt the sealing air system, if installed, works and that blade seals,ofthe bundle damper rest prdperly

on their peats.

The complete exhaust system may be partially or totally commissioned at the site of install
along wijith the commissioning of the GT, but without the HFM system available.

NOTE In that case, it can prove difficult to commission the HTM circuit which usually invol
considerjable flow rate. Moreover, running the GT with theexhaust system and without the HTM implie

htion

ves a
5 that

the WHRU has been designed to run dry or be fully isolated on the flue gas side, which is not always the]case.

In most cases, the pre-commissioning and ‘dommissioning are completed on the production| site,
whereap the HTM system is available, andraccording to a specific program that takes into acqount
the riskis presented by live equipment (retating machines, energized motors or instruments, 1joise,

hot and)or toxic fluids) and the riskstof simultaneous works.

All site procedures should be strictly adhered to.

Pre-comimissioning activities-are the following:

(i) Check that the complete exhaust system documentation is on site.

(ii) Check that thespare parts for commissioning and start-up are on site.

(iii) Check thatthe special tools (for instance, lifting frame for bundle removal) are on site.

(iv) Rermaeve all the temporary protection and supports still in place.

(v) Perform an external and internal visual inspection of the exhaust system. Check that no loose
item can fall into the turbine outlet collector. Check that the blades of both dampers (bundle
damper and bypass damper) are free to rotate over their full range without touching the
insulation cladding of the adjacent modules. Check that there is no water resting on the bundle
duct and bypass duct floors. Check with a lamp the good external condition of the bundles.

(vi) Cold stroking of the dampers.
Commissioning activities:
(i) Loop testing of any installed instruments and dampers control.

(ii) Testing of alarms, interlocks and trips.
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(iii) Trigger the fail-safe position of the dampers and check that it works properly.

15 Performance test

a)

b)

d)

f)

g)

Once the plant has reached a stable operational regime corresponding to the spec

ified design

case, the operator, purchaser and supplier should undertake a performance test to verify that the

performance requirements are met.

The purchaser and the supplier should agree on the procedure for the performance test program

based on the relevant sections of ASME PTC 4.4.

As a minimum the following data should be recorded for comparison with the specifiec
i) HTM flow rate and inlet/ outlet temperatures to check the WHRU thermal perfornm
ii) HTM inlet and outlet pressure to check that the pressure drop is within@cceptable

iii) TEG inlet and outlet temperatures;

acceptable limits.

;T supplier.

The performance test also gives the opportunity tomake final checks normally exed
the commissioning but which can have been postpéned for practical reasons.

These checks should include but are not limited:to:

i) Infrared (IR) thermographic examination of the entire casing to detect hot
examination includes the stack whétrit is insulated.

ii) Noise levels (refer ISO 11204-and’ISO 10494).
iii) Excessive vibrations or drumming of the casing.
iv) Abnormal displacements of the expansion joints and of the exhaust system sliding

v) TEG leaks to the atmosphere (for instance near modules flanges gaskets or where
headers nozzlespass through the casing).

vi) TEG sampling taken from the dedicated stack nozzle.

The performance test is formalized through a report with a conclusion paragraph
Jummarize the corrective actions -if any- agreed on between the parties.

| values:
ance;

limits;

iv) TEG inlet and outlet pressure to check that the pressure drop on the TEG side is within

If the TEG flow rate is not recorded via a flow metering instfument it should be calcuflated by the

uted during

spots. This

point.

the bundles

that should
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Annex A
(informative)

Application of computational fluid dynamics to exhaust system
design

A.1 Gendral

The objectivye of this annex is to provide the purchasers and suppliers of exhaust duct systems with an
overview off the use of CFD assessment in the design and assurance of exhaust duct systems. This is
intended to inform the users of this document with respect to:

a) an overyiew of the key stages and processes within CFD analysis;

b) the typés of analysis available;

c) the benefits of each method and how these can aid the design of exha@ust duct systems;
d) the limifations, costs and level of expertise required;

e) what each method provides as output and requires as input; and

f) at what|stages the various methods can be used within the design and verification procesg and
what benefit they afford.

It is not the intention for this annex to provide detailed best practice for CFD analysis of exriaust
systems. CFD best practice is a complex subject.and’is a function of the problem in hand (i.e. geometry
and flow copditions) and availability of input:data. As such, an understanding of CFD best practjce is
accrued thrpugh experience and cannot readily be distilled into a simple process to follow.

A.2 Bendfits of CFD

Typically thiis kind of study weuld be expected to present a significant saving in terms of thrqugh-
life costs frpm maintenance-and replacement of failures in exhaust systems. Hence, CFD can he an
attractive activity for suppliers to help substantiate designs and demonstrate confidence in [their
long-term performance<Fhis can also aid purchasers by providing a greater level of confidence ih the
performancg of the aequired equipment and helping to differentiate between candidate suppliers.

The upfront costs-and timescales of CFD analysis need to be considered fully in the project plan,
however, the initial outlay and effort can potentially save on future maintenance and downtime dosts,
which are typieally one to two arders of magnitude higher

A.3 Whatis CFD?

A.3.1 General

CFD is an important numerical technique in flow analysis (see Figure A.1) whose use in design of
exhaust duct systems is become increasingly more common given recent advances in computer power.
CFD simulates the fundamental flow equations which describe the conservation of mass, momentum
and energy (the Navier-Stokes equations). The flow path is divided into many discrete elements (usually
into finite volumes) on which the laws of conservation are applied.

Four key aspects of CFD analysis are: geometry, mesh, boundary conditions and solver. These terms are
defined in more detail as shown in Figure A.1.
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Key

1  gilencer

2 {ransitions

3 ¢xpansion bellow

4  diffuser .

5  ¢xhaust collector / plenum A\
xO

Figure A.1 — Example output %&? a CFD analysis of an exhaust duct system showing
instantaneous flow speed on a pla@ hrough the centre of the exhaust (left) and instantaneous
pressutSistribution on the internals walls (right)

O

A.3.2 Geometry C)

The geometry define the shape of the exhaust duct passages through which the exhaulst gases will
pass| Ideally, the g try should reflect as closely as possible the as-built exhaust system. However,
it may be neces to make some simplifications (e.g. removing small filters and fixing heads) to

facilitate the Rtruction of the computational mesh. Care should be taken during the desjgn phase as
smal chan@l geometry can have a significant influence of the resulting flow behaviour.

The mﬁ?&f the flow domain is an important feature in CFD analysis as the user must spe¢ify the flow
condiitions as inputs at the boundaries (see boundary conditions section below). If the flow domain is
too small the boundary conditions can be too close to the region of interest and, therefore, can unduly
influence or constrain the flow solution.

A.3.3 Mesh

The term mesh (sometimes termed the grid) defines the array of finite volumes (or cells) which are
used to divide the flow domain and across which the laws of mass, momentum and energy conservation
are applied. Within each cell the flow properties (i.e. velocity, pressure, density and temperature) are
assigned a single value. The computational cost of the analysis scales with the total number of cells.
Therefore, there is a desire, where possible, to minimize cell count. However, if too few cells are used
the resulting flow solution is likely to be inaccurate.

If an understanding of the likely flow pattern can be obtained a priori it is possible to optimize the
mesh to improve the overall computational efficiency. For example, in regions of the flow domain where
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the gradients in flow properties are expected to be low it can be possible to reduce the local spatial
resolution of the mesh (i.e. increase the cell size) without adversely affecting the results. Conversely for
regions of complex flow (i.e. separated or swirling flow) the mesh resolution should be locally refined
to capture these changes in properties faithfully. Used correctly, this technique can provide substantial
savings in computational time compared to the use of a uniform cell size throughout the entire domain.

In practice, an understanding of the mesh construction and resolution which are most likely to be
appropriate come through the experience of the CFD user in conducting similar analyses. However, on
completing a CFD analysis, it is advisable to check how the resolved gradients within the flow domain
compare to those expected during the mesh construction phase. If necessary, the mesh can be further

refined and

A.3.4 Bou

Input to CFI
boundaries.
definition o
specificatio}

For a full th
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density, the}

Although m
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can limit thg
assessing th
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A.3.5 Sol¥

The term so

Often the solver is integrated into a software package which also permits some or all of the follow

a) manipu
b)
c) visualiZ

There are n

construfction of the‘computational mesh; and

the model resolved to provide an improved flow solution.

ndary conditions

D analysis is made by the user in the form of specifying the flow conditions as iffput g
For a model of the internal flow through the exhaust system, these typically com

1 of the pressure at the outlet.

ermal CFD simulation including the duct walls and insulation, the heat transfer condi
'nal surfaces need to be specified as does the thermal properties of the solid wallg
'mal conductivity and specific heat capacity).

hny types of CFD modelling are possible, each with diffeéring levels of accuracy, ofte
| boundary conditions represent the largest degree, ofiuncertainty in the calculation.
 degree of accuracy obtainable with CFD modelling and should be taken into account y
e design against key performance criteria and cehsidering the benefit of adopting a h
[ysis approach.

flow domain should be terminated as far-from the region of flow of interest or wher
tflow conditions are benign (i.e. spatiakgradients are low) or well characterized by avai
'tice, the application of boundary cohditions is often limited by the availability of flow]
'y and some compromises must bé-nrade. However, an understanding of these compror
assessing the level of confidence*which can be placed in the results of CFD analysis.

er

ver describes the computational algorithms used to compute the flow solution on the 1

lation of the raw/computer aided design (CAD) geometry;

ation\of'the results.

t the
prise

the distribution of flow velocities and temperature at the inlet to the exhaust systenj and

kions

(i.e.

h the
This
when
gher

e the
lable
data
nises

nesh.
ng:

modelling approaches relevant to exhaust duct systems.

A.4 CFD in exhaust system design

A.4.1 Use

s of CFD

hany COTS CFD solvers available, most of which can accommaodate the various types of

The flow within GT exhaust systems is typically highly three-dimensional, unsteady and at a high
temperature. The complex nature of exhaust flow leads to CFD being used to characterize flow paths,
bulk flow velocities, velocity fluctuations, pressure loss, pressure fluctuations, flow temperatures and
dynamic forcing for structural design (static, quasi-static and dynamic loads).

Figure A.2 presents a flow chart showing how numerical analysis methods such as CFD and FE analysis
can be combined and integrated into the exhaust duct design process.
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The first stage of this process is to define the exhaust duct geometry and flow conditions to be
considered. This information feeds into a CFD assessment of the exhaust duct flow, which depending on
which CFD method is utilized, results in the calculation of the unsteady or time-averaged internal flow
field. This flow data alone is useful in the design and performance assessment of process equipment
such as WHRU.

Where unsteady CFD assessments have been conducted, the resulting flow data typically comprises
both the internal pressure and temperature fields. These data can be extracted at the internal surfaces
of the exhaust duct and mapped across to a finite element (FE) model of the structure in order to
calculate the stresses which give rise to high and LCF (see Figure A.2). These results in turn feed into
high and LCF assessments of the design and enable improvements to be identified or designs to be
subsfantiated.

del thermal
y conditions

In addition to fatigue assessments, a combined CFD and FE approach can also be used®g'm
stregses during start-up and shut-down sequences by the inclusion of time varyingboundar
to represent the flow from the GT.

Structural modelling
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e

Flow modelling

Low cyclg
fatigue a

Map temperatures
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P
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Figure A.2 — Flowchart describing the use of numerical modelling in exhaust dud

ment

X

t design

A

A.4.2 Overview of CFD methods

The g
defin
are S
smead

In pr

rreatest challenge to industrial flow simulation is the notion of turbulence. Turbulence §
ed as quasizchaotic fluctuations in flow variables (i.e. velocity, pressure and tempera
uperimposed on top of steady and coherent flow behaviour. These fluctuations gen
r out:spatial variations in flow properties and tend to increase pressure loss and heat

hetice, the turbulent fluctuations are the results of the superposition of many individug

s commonly
ture) which
erally act to
transfer.

| vortex-like

flow structures termed eddies. The eddies present within turbulent flow span a wide range of sizes and
timescales. The largest eddies are of the order of characteristic dimensions of the exhaust duct cross-
section and are associated with large amplitude and low frequency (typically less than 10 Hz) pressure
fluctuations. The large eddies dissipate very little of their kinetic energy through viscous friction and
eventually break up into smaller eddy structures. This process of eddy break up continues such that
kinetic energy is transferred from the mean flow to large scale eddies and subsequently to successively
smaller eddies. The smaller eddies are associated with lower amplitude and high frequency fluctuations
in pressure and it is at these scales where the majority of kinetic energy is dissipated through viscous
action into heat.

Theoretically, the governing equations of fluid mechanics (the Navier-Stokes equations) are a complete
description of flow behaviour when treated as a continuum, such that the turbulence effects described
above can be explicitly simulated, this is termed DNS. However, it may be shown that the overall
computational cost of DNS is impractical for most industrial flows, including those within exhaust
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systems, even with the world’s fastest supercomputers. It is widely accepted that given the current rate of
growth in computer power, DNS on an industrial scale only becomes practical in 50-100 years from now.

Therefore, in order to conduct CFD for industrial flows, some assumptions must currently be made as
to the structure of turbulence and its influence on the bulk flow behaviour. This is conducted through
turbulence modelling which uses semi-theoretical and semi-empirical relationships to model some or
all of the influence of the turbulence field and reduce the computational cost of the analysis. There are

three comm

a) RANS:

on approaches which are:

(i) Use
(i) Det
(iii) Pro
(iv) Res
b) URANS
(i) Use¢

res
(ii) Pro
exh
(iii) Can
cha

(iv) Simjpler to set up and cheaper to run than seale resolving methods (see below) but c3

Sen

c) Scalerg

(i) Includes both LES and hybrid RANS=LES approaches.

(i) Offg
maj

(iii) Imp
(iv) Thi

conpputational costs.

Further det
subsections

s a statistical model tao represent the effect of turbulence on the flow
ermines the steady “mean” flow through the exhaust system.
vides an indication of undesirable flow features (e.g. flow separation).

ults can be sensitive to the choice of turbulence model.

s a statistical model to represent the effect of turbulence on thé flow and provides a {
plved calculation of the flow field.

ust system. However, detail of the broadband structural excitation is not accessible.

be used to examine changes in the flow and thermal field which result due to g
nges in inflow conditions, such as start-up and shutdown transients.

sitive to the selection of the turbulence model.

solving CFD modelling:

ers full resolution of unsteady flow and surface pressures and the results can be din
pped across as inputs to/structural assessments for fatigue life calculations.

ractical for the assessment of start-up and shutdown transients.

5 method is themost complex to develop, is sensitive to the model setup and has the hi

ils of thecapabilities, limitations and implementation of these methods are provided i
at thesend of this annex.

ime-

vides information on the likelihood of experiencing bulk flow instabilities withifg the

lobal

n be

ectly

rhest

n the

A.5 Assessment strategy

The type of analysis which is appropriate for a candidate exhaust duct system design depends on a
number of factors including:

a) similari

ty of the design geometry and load conditions to an existing in-service unit;

b) extent of input data available to conduct the assessments;

c) uncerta

inty in input data and load conditions;

d) degree of confidence the purchaser requires; and

e) timesca

60

les and costs.
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In the event that the design and load conditions are identical to an existing in-service unit for which
many hours of operational experience have been necessary, it is not always necessary to conduct a
detailed CFD assessment.

Where the design changes are small, simple steady RANS analysis may be appropriate to confirm that
the flow distribution into the WHRU bundle is acceptable and that gross flow separation is not likely
to occur. Where this is indicated the same models can be re-run in a transient fashion (URANS) to
determine the dominant frequencies of the fluid dynamic excitation and to review these in-light with
the resonant frequencies of the structure.

In cases where the design is particularly new or the load conditions are unfamiliar, then it may be
appr operational
expe

rata i A | 4 P | £ oL 1 4+ laasald £ 1 H +la A | H H 1. £
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rience.

Howgever, it is noted that most of the most advanced CFD methods require, as,input, s
mod¢lling with the lower fidelity methods in order to advise on appropriate~§patial a
resolution and to provide a starting solution for the flow variables. Therefore,'even the mo
CFD pssessments are progressive in nature with the opportunity to understand from the y
of anjalysis as the overall assessment proceeds.

me upfront
d temporal
st advanced
rarious tiers

A.6

Mod;s
with
turbi
with

Model extent

] extent is a key factor in exhaust systems modelling.<Ph€ unsteady flow structures developed
n an exhaust duct system are often strongly influenced by the flow turning withip the power
ne diffuser and exhaust collector. The output flow ftem the collector can be highly non-uniform
areas of flow reversal

Ther
of th

efore, ideally a model would include the power turbine diffuser and exhaust collect
e divergent exhaust diffuser. Using this approach it is often possible to assign simple u

br upstream
niform flow

velod
the f

How
avail
dom
inter]

ity and thermal boundary conditions atthe power turbine diffuser inlet and the dev
ow through the collector, and the non-uhiformity at the collector outlet are explicitly 1

bver, often the geometry of the(exhaust collector is proprietary to the GT supplier a
pble at the time of the analysis: If this is the case it is necessary to construct a truncatg
hin which does not includelthe power turbine diffuser and exhaust collector. This rej
face between the design remits of the GT supplier and exhaust supplier. However, t

elopment of
resolved.

jnd/or is not

d modelling
bresents the
he resulting

chall

a)
b)

nge lies in the manner i which the inflow is prescribed for which two options are pogsible:
rescription of a ghiform flow field normal to the inflow boundary; or

rescriptionofanon-uniform flow field using information provided by the GT supplier
sumption of
upplier, can
br. However,

The [flow field )distortion at the collector outlet can be considerable. Therefore, the as
unifgrm flow is unlikely to be representative. Flow distortion maps, available from the GT ¢
be uged’to provide a first pass estimate of the non-uniformity of the outlet from the collect
this {s'aften provided on a coarse resolution grid.

A further complication with scale resolving methods is that they often require the use of an algorithm
at the inflow boundaries to synthesize the incoming flow perturbations. In the case that the model
extends back to the inlet to the power turbine diffuser, the sensitivity to the choice of algorithm can be
low as the majority of the flow unsteadiness which affects the upper sections of the exhaust system are
generated through the collector.

Models which include only the upper sections of the exhaust system and are truncated at the collector
outlet do not capture the incoming unsteadiness which results from the flow through the collector.
These fluctuations influence the flow behaviour in the upper sections of the exhaust system.

In summary, the sensitivity of the results of the modelling to the model extent is not well understood.
Therefore, in advance of the planned validation of CFD calculations for exhaust systems flow, it is
advised that the model should include the collector geometry.
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A.7 Information requirements for CFD analysis

In order to conduct a CFD analysis, the following data is required as a minimum. The data list covers
both flow and thermal assessments, for thermal assessments both sets of data are required.

a) Flow assessment
(i) geometry of the exhaust duct flow path including the collector;
(ii) GT operating conditions to define mass flow rate, temperature and pressure; and

(iii) inflow velocity profile if the collector is not included in the model.

b) Thermal assessment
(i) geometry of the solid structure;
(i) material properties for all solids; and
(iii) amlpient air conditions (temperature and wind speed ranges).

A lack of ceftainty in any of these data influences the results. Furthermore, different elements df the
data listed above are likely to be the property of the purchaser, supplier(and GT supplier which can
influence the availability of the data. These factors should be borne in mind at early stages of the design
such that the purchaser and supplier can review the input datasetdand agree an appropriate andlysis
program.

A.8 Condusions

This annex |[gives a brief overview of the use and benefits of CFD in exhaust system design angl the
methods available. CFD is an advanced modelling technique and the costs associated with the anglysis
are not insignificant and need to be accounted for in the project plan. However, modelling of this|kind
can provide|benefits to both the supplier and ptirchaser in terms of increasing the confidence thdt the
delivered de¢sign is suitable for the duty. Therefore, the upfront costs of the analysis can be justified
with the potential benefits in terms of lifecycle cost saving related to potential for reduced mainterjance
cost and potential down time.

The costs apd timescales involved ‘are small relative to the costs and timescales for exhaust syjstem
procuremert, installation and maintenance.

The selection of appropriate modelling is unique to each exhaust system in that it is a balance betyveen
the degree of confidencerequired, complexity of the flow behaviour and availability of data. Therf is a
natural casdade of model-complexity which can be applied sequentially to develop understanding ¢f the
exhaust ducf flows and/identify requirements for additional layers of modelling fidelity. Often the simpler
methods canp provide initial screening for potential design issues and inputs to subsequent models.

A.9 Description of CFD model variants

A.9.1 RANS

RANS approach is a popular turbulence modelling approach used in industry and is normally applied to
solve engineering flows. Each variable in the set of equations is split into time-averaged and fluctuating
parts and the resulting equations are averaged over time. Reynolds averaging introduces a number of
additional terms into the Navier-Stokes equations, which are termed the Reynolds stresses.

Turbulence models aim to calculate the Reynolds stresses based on other mean flow variables. A large
number of turbulence models exist ranging from zero to multi-parameters models. No single turbulence
model has to date been shown to sufficiently represent all flow scenarios and the CFD user must
adopt the appropriate model, based on previous experience, experimental validation or by conducting
sensitivity studies. Industry standard turbulence models are usually based on the conservation of two

62 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9e48ac85341d68b416b7d8f794c8af81

ISO 21905:2020(E)

variables: turbulence kinetic energy and a dissipation term. The Reynolds stresses are then related to
these scalars by a number of generalized coefficients derived from simple experiments on turbulence.

The output from steady RANS models is often interpreted as the calculation of the time-averaged flow
behaviour, although strictly speaking the resulting prediction of the bulk flow behaviour assumes that
the flow is steady. Steady RANS models can be useful to:

a) identify regions of highly turbulent flow or flow separation which can potentially give rise to
unsteady flow behaviour and cyclic pressure loading on the exhaust duct structure;

b) determine the levels of non-uniformity of the inflow into the WHRU bundle for input to the

thermal dpcign;

c) ¢alculate the temperature field within the fluid and structure which can be usedasipput to a FE
model to calculate the resulting thermal stresses; and

d) vyerify the pressure loss through the exhaust system.

Steadly RANS models cannot be used to provide information regarding the magnitude |of pressure
oscillation or frequency content. However, steady RANS calculations-are generally computationally
inexpensive and can be completed in the order of a day once the model+s built. Therefore, the results
from|steady RANS models can be used as a practical tool early on in¢the design process to advice on the
requjrement to conduct more complex analysis.

In the case that the need for more complex analysis is indicatéd, the results from steady RIANS models
can e used to advise the solution setup or the starting solution for more complex model variants to
expedite the analysis.

A.9.2 URANS

The RANS formulation does not preclude analysis of unsteady flows and the Navier-Stoké¢s equations
may pe averaged to preserve the time derivative of mean flow terms. This formulation of the equations
is tefmed URANS. In this respect, the. equations permit the simulation of the fundamental unsteady
behalviour, which is generally spatially coherent, of large magnitude and low frequency and, hence, is of
most concern for flow induced vibration. Small scale and high frequency turbulent fluctuatiions are not
captuired by this method.

URANS modelling can be useful to:

a) Determine the magnitude and dominant frequency of pressure oscillations within the ¢xhaust duct
gystem, which carhbe compared against the resonance frequencies of the structure tp assess the
likelihood for-high levels of vibration and fatigue to occur.

b) (alculate(the temperature field within the fluid (and structure) during a start-up or shut down
fransient'who can be used as input to an FE model to calculate the resulting thermal expansion and
gtreSses. In this case the resolved fluctuations are more a function of the global variatigns in inflow
throughout the transient as opposed to underlying flow unsteadiness.

Although URANS can in principle resolve the dominant unsteady flow structures, in some cases the
natural levels of flow unsteadiness are insufficient to overcome the underlying turbulence model,
which is dissipative in nature. In this case a steady solution can result although the model is solved in
unsteady configuration. In this case more advanced CFD methods are required to resolve the unsteady
flow behaviour.

URANS modelling generally uses the same CFD models initially constructed for steady RANS. In the case
that the fundamental pressure oscillations are of interest, the steady RANS solution can also provide a
useful starting solution for URANS, which helps to accelerate the analysis.

URANS analysis is typically an order of magnitude more computationally expensive than steady RANS.
Using modern parallel-computing URANS analyses typically take from a few days to one week to
complete.
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A.9.3 Large eddy simulation

LES methods aim to explicitly capture the behaviour of the largest flow eddies while limiting the use
of modelling to the smallest flow eddies. The largest eddies are generally of a similar length scale
to that of the exhaust duct cross-section and constitute the largest, most spatially coherent lowest
frequency loading and, therefore, the improved resolution of these features provides benefit for flow
induced vibration studies. Fortunately, these eddies are the most computationally efficient to resolve.
By contrast the smaller eddies are much more intensive to compute but are associated with lower
magnitude and higher frequency loading and, therefore, can be represented with models without
significant degradation of the solution.

LES require‘rvwmmﬂmmmrmmrmmmmm
URANS. A simplified turbulence model is used to represent the transfer of energy to small scate-e

d for
Hdies

which are b
to use slight

Within LES
characterist
of those dis
(broad ban

elow the resolution of the mesh. The addition of the simplified turbulence modelallow
ly coarser meshes than DNS (in which all important scales of turbulence are resolved)

methods the solution time increments defined by the user should be compatible wit

cussed here capable of calculating the pressure loading across a wide range of freque
1). By comparison URANS is generally only capable of resolving_single frequency

ic time periods of the unsteady flow features of interest. As a result, LES is the only mq

5 LES

h the
thod
ncies
tonal

ne to
S are
lling

components
settle into a
restricted t
start-up or d

and their harmonics (narrow band). In general, LES solutions,take considerable tin
state where the pressure oscillations are statistically robust; therefore, these method
b the consideration of steady operating conditions and are)not appropriate for modg
hut down sequences.

A further c
being calcu

bmplication is that turbulence is explicitly resolved as velocity fluctuations oppos¢d to
ated as a statistical quantity within the flow solution. Therefore, it is necessary t¢ use
an algorithrn at the inflow boundaries to synthesize the incoming flow perturbations. Again, thgre is
benefit to placing the model boundaries as far upstream from the region of interest as possible|such
that the synthetic perturbations have time to develop-in a physical manner (i.e. grow or decay) which
reduces thesensitivity of the results to the choice 6falgorithm.

While LES
different; re
expensive, (

fan be run using the models builtifor URANS, the mesh requirements are substantially
sults can be at best poor and atwerst invalid. Therefore, these analyses are computatiopnally
omplex to set up, take in exeess of a week to complete on a modern parallel- computer
cluster and |should only be undertaken'by a CFD practitioner with considerable experience in these
methods. Aaresult, at present, thesemethods are most appropriate for the final verification of a design
or for diagnlosis of a flow induc€d vibration problem observed on an in-service system as opposgd to
parametric flesign studies.

A.9.4 Hyhrid methods

» LES
mesh

There are a
and RANS 4
resolution ij as in
the LES ap near
walls, the model returns to the full turbulence modelling approach of RANS. The aim of the hybrid
approaches is to provide methods which are intermediate to URANS and LES with respect to the level
of computational effort required while maintaining the ability to capture the full broadband pressure
spectrum.

varietyof hybrid methods, the most common being DES, and all in some degree coupls
pproaches to turbulence modelling. This coupling is achieved such that where the
sufficiently fine the turbulent detail is captured explicitly with minimal modelling,

In practice, although some saving on effort can be made, the cost of the solution is closer to that of LES
than URANS. Hybrid methods often use algorithm at inflow boundaries in a similar manner to LES to
describe the incoming turbulence. In some hybrid-method variants these algorithms are also required
at the interface between the LES and RANS regions. Therefore, considerable experience is required
with the specific implementation of hybrid methods to ensure that the interface between methods does
not unduly influence the flow behaviour.
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Annex B
(informative)

Application of thermal and structural analytical techniques to

exhaust system design

B.1
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Syste
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Oper]
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This
a) ¢
b) ¢
c) ¢
d) q
e) ¢
f) 3
This
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B.3

General

ntention of this annex is to provide guidelines to the purchasers and suppliets of ¢
ms regarding the use of thermal and structural analysis in the design and assura
ms.

ating experience indicates that there is significant evidence of premature equipr

temperature and stress related mechanisms (thermal fatigue)Ceausing cracking,
nsulation breakdown with resultant hot exhaust gas leakage. Herice, there is increas
estin the application of analytical techniques to underpin desighs and provide robust d
ence for specified lifetime.

Exhaust system equipment covered
annex covers the following exhaust system equipment:
bxhaust gas collector;
bxhaust system inlet ducting;
bxhaust system casing;
bxhaust system outlet ducting;
bxhaust system bypass dueting;
tacks.

equipment can-beof either ‘cold’ or ‘hot’ casing designs, where, clearly, the former can |
ing significantly less vulnerable to thermal fatigue.

General

xhaust duct
nce of such

nent failure
Heformation
ng industry
pcumentary

be preferred

B.3.

| ~System of units

The following system of units should be used:

Length: mm
Force: kN
Mass: kg
Acceleration: m/s?
Density: kg/m3
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Pressure: MPa (N/mm?)
Stress: MPa (N/mm?)
Temperature: °C

Temperature interval: K

Sound pressure dB (re 2x10-5 Pa)

B.3.2 Material

All ducting attachments and supports welded to the ducting shall be of the same material.
Materials of|construction selection shall be as defined in this document.

All bolts selgction shall be as defined in this document.

B.3.3 Material factors

Material facfors in different load combinations are given in Table B.1.

Table B.1 — Material factors

Load combination Materjalfactor
SLS 1,0
ULS 1,152
FLS 1,0
ALS 1,0
a  Material factor for bolts is.given as 1,3.

Basic Operational Loading

B.3.4 Selfjweight

The self-weilght of the system should be calculated from the detailed design of the equipment. To erjsure
a conservatjve approach, a contingéncy factor of 10 % should be added to the calculated self wegight.
If the equipment is weighed prior to the analysis, this factor may be omitted. To increase the loading
from self weight in cases ofinismatch between model weight and expected weight (e.g. due to removed
details) in § FEM analysis,vit is recommended to add point masses or scale the gravity accelerption
applied. Altg¢ring of the’density of the material in the FEM analysis should be done with care ag this
changes the|thermalieapacity of the structure.

B.3.5 Thdrmal

In the structural calculations, the loading due to thermal expansion shall be included. This may be
applied through FEM analysis by performing a thermal analysis and importing the temperature profile
to a structural analysis.

To determine the maximum thermal gradient, the minimum external temperature shall be combined
with the maximum wind speed and the maximum design exhaust temperature.

To determine the maximum temperature of a cold casing, the maximum external temperature shall be
combined with the minimum wind speed and the maximum design exhaust temperature.

The maximum design exhaust temperature should be 25 K above the maximum operating temperature
of the gas turbine.
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B.3.6 Steady state

To apply the loading in a steady state thermal FEM analysis, it is recommended to apply a convection
loading to both internal and external surfaces. Alternatively, the internal surface temperature may be
assumed equal to the exhaust gas temperature. The steady state heat transfer coefficient figures should
be calculated from the flow pattern or preferably to be determined through a CFD and CHT analysis
of the applicable system. The steady state external heat transfer coefficient should be calculated
considering minimum or zero wind speed.

B.3.7 Transient

Due (I;o the thermal heat capacity and thermal conductance, transient effects during.start up and
shutdlown may temporarily increase the stress levels in certain parts of the structure;#4s the effect
is mainly during start up and shutdown, it is mostly affecting the thermal fatigue(LCF] life. Hence,
the transient thermal effects should be considered in areas where the thermal ephductarce and heat
capafity may temporarily increase the thermal mismatch, e.g. at large brackets-and at flanges.

As for the steady-state analysis, the thermal loading in the transient analysis can be applied by
convpction. An alternative is to perform a CFD analysis with time-dependént mass flow and femperature
and ¢ouple the CFD analysis to an FSI analysis to determine the stress-distribution throyghout time.
The fransient curves describing the convection film figures and temperatures during gtart up and
shutdlown should be determined through CFD analysis or throfigh measurements perfojmed during
operption of similar systems. Typical curves are shown in Eigure B.1, as shown the temperature and
convgction rise from zero to idle very quickly and with a:gentler rise from idle to full power as the
entire system heats up.

Key
X  time
Y gxhaust gas temperature

Figure B.1 — Exhaust gas temperature during start up and shutdown

B.3.8Pressure

The internal static pressure should be the calculated static pressure (e.g. through CFD analysis) applied
with an added factor of 1,5 but shall be 50 mbar minimum.

B.3.9 Flow linear momentum

In cases where the flow direction is changed through the path of the ducting, the directional change
of flow linear momentum causes resultant force acting on the ducting. This thrust must be reacted by
the external brackets. The flow linear momentum is given by the mass flow and the fluid speed. As the
speed is a vector, the change of flow direction causes a resultant force [see Formula (1)]:

F=thxv 1)
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B.3.10 Wind

The environmental loading due to wind loading shall be calculated at the given elevation and the effect
due to loading in any wind direction shall be evaluated. Shielding from other large equipment may be
included. The wind loading shall be combined and coincide in direction and act simultaneously as the
wave loading. Note that the maximum wind speed is the worst case for loading, but the minimum wind
speed is the worst case for external surface temperature.

B.3.11 Wave

At all installations on a floating structure, the effect due to wave motion shall be included in the
analyses. Tlie horizontal motion In any direction should be combined with minimum and maximnum

vertical loa
installation
wave and w

B.3.12 Sng

The additio
conditions.

B.3.13 Vontex shedding

Vortex shed

B.3.14 Nat

In cases wh
exhaust du
frequency s
18 Hz, howe
conditions 3
natural freg
should be ey
to thermal ]
can be perfd

B.3.15 Cre

The maximym calculated Steel temperature shall be evaluated and compared with the material ¢

data. If any
shall be per

B.4 Load

ling. The motion characteristics shall be determined for the applicable position
in each case. The stress due to wave loading should be calculated in any direetion
nd loading shall be combined and coincide in direction and act simultaneously,

)w and ice

hal loading effect due to snow and ice shall be evaluated for poth on-line and o

Hing calculation according to EN 1991-1-4 shall be performed.

ural frequency

ere the pulsation of the exhaust gas pressuke can excite the natural frequencies

hall be at least 1,5 times the frequency,ef the exhaust gas from the turbine (typicall
ver, a lower value can be generally expected). The analysis shall have the correct boun
nd pre-stress from the self-weight(f the ducting shall be included. In cases of calcu
uencies within the critical range,yadditional stiffeners increasing the natural freque
raluated carefully as the introduction of additional stiffeners can decrease fatigue lif{
bading (LCF). To evaluate the‘effect of frequencies within the critical range, an FSI ang
rmed as input to a HCF analysis.

ep

calculated.steel temperatures are within the creep range of the material, creep anc
formed according to EN 13445-3.

combinations

the
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f the
‘ting, a modal analysis shall be performéd. The lowest applicable calculated nzjtural

y 15-
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B.4.1 General

The relevant load combinations according to the applicable design code shall be calculated in the
absence of these typical values are given below.

B.4.2 SLS

The design criteria for an SLS combination are given as a maximum deflection of L/200, where L is
the length between the supports. For a cantilever, L is twice the protruding length. Since the criteria
is a limitation in deflection, the combination is highly applicable for a cantilever exhaust stack, but in
cases where the ducting is supported by a support structure tower, the load case is not applicable to the
ducting itself. However, it should be separately evaluated as a part of the support structure calculation.
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B.4.3 ULS

ULS load combination with the relevant loading shall be calculated in combination ULS-A and ULS-B
with load factors as shown in Table B.2. The analysis should be performed in all applicable load
directions. The wind loading shall be applied as a 100 year, 3 sec gust calculated according to B.3.10
(wind). Wave loading shall be applied as 100-year wave motion. All loading with variable direction
should coincide and be applied simultaneously.

Table B.2 — ULS Load Combinations

Action Self weight [Thermalloading 100 year wind and Internal Flow linear
. b . .°[ wave (environmen- pressure mamentum
compination (permanent)| (deformation) tal) (variable) (Vhriable)
PLS-A 1,3 1,0 0,7 1,02 1,3
YLS-B 1,0 1,0 1,3 1,0 1,0

a  Referto B.3.9.

Henc, no additional load factor in ULS-A should be applied.

The design criteria in ULS combination is given below:

P02
[Vm
wherje

o ip the actual value of reference stress;
oy is the yield strength;

Ymdctual material factor.

For Hot casing systems, the deformation driven stressesidue to thermal loading often result in calculated stress levels
well pbove the criteria given above. To show that the-critical stresses above the allowable originate from the thermal
loadipg, linear analysis with the thermal loading ex¢luded should be performed. As the thermal stresses origjnate from the
presqribed thermal deformation of the ducting it:can be less critical for structural integrity as any stresses fr¢m prescribed
force| loading. In such cases, plastic analysis'df the system shall be performed to safely document that the structural
strerfgth is sufficient. LCF analysis shall be ¢al¢ulated in such cases to document fatigue life.

B.4.4 FLS

The fexhaust system shall.be’ documented for a service life. In the FLS load combinat{on, all load
factdrs shall be considered’as 1,0 hence the maximum operating temperature may be apj)lied in lieu
of the maximum designntemperature. The effect of LCF and HCF shall be calculated and if applicable be
combined using Palmgren-Miner rule. It is recommended to use FEM analyses as basis for the fatigue
calcylations. Guidelines for analysis setup (mesh density, stress readout etc.) may be taken from DNV-
RP-(J203.

B.4.5 LCF

The exhatst Sy stemsmost Pt ominenttoEElisstesarehot baoius Sy stems—Theextremethermal loading
of such systems results in large thermal gradients and hence stresses. Even though such stresses from
prescribed loading do not necessarily impose any structural strength issues (see B.4.3) the repeated
plasticity can impose LCF issues.

To evaluate the fatigue effect due to the thermal loading, LCF analysis according to EN 13445-3:2014,
chapter 18 of critical areas (e.g. flanges and large brackets) shall be performed for all hot casing
systems. To include any transient effects, a transient thermal analysis describing the temperature
profile throughout the loading cycle shall be performed and serve as input to the structural analysis.
Calculated linear-elastic stress range or total strain range shall be used as input to fatigue analysis
according to EN 13445-3.
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B.4.6 HCF

Analysis of possible HCF from all applicable loading shall be performed. Loading that can impose HCF
issues are mainly (but not limited) to fluctuating internal pressure and wave loading. When calculating
HCF DNV-RP-C203 may be applied. Generally, for systems and details not single critical for structural
integrity, a DFF of 1,0 is acceptable. Single critical details not available for inspection (e.g. covered by
insulation) should incorporate a DFF of 3,0.

B.4.7 ALS

The following accidental loading can be applicable for gas turbine exhaust systems:

— lossofi

— fire;

— explosig

— earthqy

— extremg
(10 000

— platforr

All load fact
of the syst¢
to total los{
and variablé
be omitted
significant

hsulation;

n;

ake;

b environmental loads;

Lyear wind and wave loading)
h accidental heel.

ors and material factors shall be considered as 1,0 inthe ALS condition. The function
m can be impaired, but the ALS calculation shall’ensure that the loading does not

of structural integrity. The applicable nominalloading from permanent, environm
 loads shall be included in combination with;the current ALS loading. The ALS check

ollution or major financial consequences)

ality
lead
ental
may

f an overall evaluation shows that a collapse does not entail danger of loss of human life,

70

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9e48ac85341d68b416b7d8f794c8af81

C1

This
requ

supp
in th

C.2
1y
2)
3)
4)

ISO 21905:2020(E)

Annex C
(informative)

Information to be provided by purchaser

General

est for quotation (RFQ) for a complete exhaust system. In the absence of relevantinfo

s document and applicable statutory requirement.

General
Duantity of exhaust system (total);

Duantity of exhaust system working/standby;

Tag numbers for main items of equipment;

Thermal duty at design point for each exhaust systém unit;

5) Location, e.g. onshore inland, onshore coastal, effshore platform or offshore floating;

6) List of nominated or preferred suppliers;

7) Any purchaser requirements additionhal to those of this document.

(Commercial information such as‘\.contact details, document submittal procedures,

requ

C.3
8) 1
9) 1

10) 1
[{

11) 1

rements etc., shall be addressed elsewhere.)

Scope of supply.
\ list of all items n‘the required scope of supply, including bolting and gaskets;
Battery limits;

Define supplier services required for site erection, for example site installation, supe
brection instructions only;

Défine supplier services required for commissioning e.g. commissioning, super

annex specifies the purchaser-supplied information which should ideally be provided as part of a

'mation, the

lier shall be entitled to adopt standard solutions in keeping with good practicé-as’set oyit elsewhere

inspection

'vision only,

vision only,

commissioning instructions only;

12) State if any of the following items are to be included:

a) WHRU comprising tube bundle with inlet and outlet headers;

b) inlet and outlet transition ducts;

c¢) TEG ducting;

d) exhauststack;

e) flue gas bypass facility;

f) bypass stack;
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g) flue gas flow control damper with actuator;
h) flue gas isolating system;

i) plume cooling device;

j) flexible gas tight expansion joints;

k) internal or external insulation;

1) associated instrumentation control and electrical equipment;

m) assgctatedcabting;

n) handling and lifting facilities;

o) spefial tools;

p) lifting frame for the coil;

q) HTM local piping external to the WHRU; if required specify the design-code;
r) HTM local vent and drain piping;

s) HTM isolation valves;

t) HTM pressure relief valves.

C.4 C(Climatic and imposed loadings

C.4.1 Climate and ambient data

13) Maximym, normal and minimum ambient temperatures;

14) Humidity;

15) Rainfall details;

16) Snowfall/ice details;

17) Especially stringent conditions, e.g. maritime environment, desert, dust, etc.;

18) Altitudg.

C.4.2 Imposed loadings due to climatic and environmental effects

19) Wind miaximum gust speed and directions and relevant code;

20) Earthquakezeneratingandsoilfactoroccupanecyfactorandotherrelevantparameters;
21) Snow load (including impact e.g. from ice if applicable);
22) For offshore applications, the pitch and roll data during tow-out and operation;

23) For FPSO or other floating sites, the pitch and roll data during operation and emergency conditions.

C.4.3 Imposed loadings due to mechanical effects
24) Live load;
25) Interface loads (from turbine outlet flange);

26) Vibration levels;
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27) Imposed loading from structure;
28) Blast loading (if any) with duration damage criteria, loading basis and other relevant parameters;

29) Wind load requirements, e.g. importance factor.

C.5 GT Data

C.5.1 GT Details

30) Make and model of GTs;

31) Quantity of GTs;

32) Configuration of GTs and exhaust systems, e.g. unitised (one exhaust system pér'GT), fwo GTs into
ne exhaust system;

33) Gas turbine fuel type(s) and analysis. For every fuel type, analysis shall state any sulphur content,
gince it is not always included in the exhaust gas composition and ‘cah have an effect on various
dspects of the design (e.g. materials, finning, HTM temperature, staek).

C.5.2 GT operating data

C.5.2.1 Data to be provided for each operating case
34) TEG flow (design and maximum);

35) T exit temperature (design and maximum);

36) Pressure (design and maximum);

37) TEG specific heat at relevant temperatures, or sufficient information for the WHRP vendor to
derive same;

38) TEG analysis including any emissions;

39) If GT fogging is appliedsresulting changes in TEG properties, for example analysis, gpecific heat
¢apacity at constant pressure and temperature shall be included in the TEG data;

40) Variability of the/GTexit temperature over lifetime;

41) $tart-up curve-identifying peak gas temperature.

C.5.2.2 Operating details

42) Themagnitude and frequency of load changes;

43) Variations in TEG flow with GT load;

44) Operation profile (frequency of hot, warm, cold starts; expected frequency of trips);
45) Expected lifetime (e.g. 20 or 25 years);

46) Number of hours running per year;

47) Number of GT starts per year;

48) If different fuels are to be used (e.g. dual fuel gas turbines) the expected distribution of numbers of
start events and running hours per year per fuel.
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C.5.2.3 TEG flow characteristics

49) Velocity profile of the TEG at the terminal point between GT and exhaust system at start up, shut

down, p

50) Table (o

art and full flow conditions;

r CFD output) that specifies radial component pulse of the GT at different loads;

51) Bleed valve influence on exhaust gas. Some provision needs to be made for design of flow corrective
device during design stage (is usually more of an issue for industrial installations with radial
exhaust, less problematic if the exhaust is axial, although there have been some issues with some

new GT

types).

C.5.24 GT
52) Terming
53) Maximy
54) Noise l¢
55) Movemg

56) In case
exchang

interface: dimensions, orientation and elevation
1l details of the GT exhaust flange, to include dimensions, location, bolting;
m allowable forces on the GT flange;
vel of the turbine exhaust;
ents of the GT exhaust flange to permit proper specification of expansion joint;

of internal insulated exhaust collector, details about the insulation/lining sha
ed/coordinated between the involved parties to ensure that the insulation/lining cov

the flanjge connection at the interface of the two scopes of supply meet the requirements line

in this d

57) In case
of shall

ocument;

be stated in order to ensure equal thermal expansion of the mating flange.

C.6 Exhaust system thermodynamic design

C.6.1 Des

58) If the th
which i

59) Requirg

60) Identify
maximy

61) Heating
over an

62) Outside

ign operating case, design requirements

ermal duty at more than oné'operating condition is specified, the supplier shall deter
the most onerous, and that shall be considered as the “design case”;

d performance guarantees the “design case” and any other cases;

sufficient operating cases to define minimum and maximum heat recovery requirem
m gas temperatires and maximum exhaust flow and applicable intermediate conditig

surface margin: state in percentage terms how much additional surface is to be proy
l above-that necessary for the design case (if other than 10 %, e.g. to reduce weight);

tube fouling factor: purchaser may specify or may require the supplier to determ

Il be
Pring
d out

pf internal insulated exhaust collector, the matexial which the collector exit flange is nade

mine

ents,
ns;

rided

ne it

based o

TEG cpnr‘ifir‘nfinn inr‘]nding any contaminants;

63) Inside tube fouling factor: purchaser may specify or may require the supplier to determine it based
on HTM specification including any contaminants;

64) Maximum allowable static pressure at the inlet battery limit of the exhaust system supply for
operating and bypass modes;

65) HTM controlled temperature and allowable controlled tolerance at WHRU exit;

66) HTM temperature at WHRU inlet at design case;

67) HTM pr

74

essure at WHRU inlet at design case;
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68) Provide HTM product data sheet giving properties and specification, including specific heat,
capacity, viscosity, thermal conductivity and density over applicable temperature range.

C.7 Utilities available

C.7.1 Instrument air (if applicable)

69) Instrument air pressures at local terminal point for piping design and max./normal/minimum
operating;

70 I cdasaaaan aaad o3 oaa ol oo
TTSTT OTIICITC oIt qualrcy ariror o

ew-pothttemperattre:
C.7.2 Hydraulic power unit (if applicable)

71) Hydraulic fluid data sheet;

72) Pressures at local terminal point for piping design and max./normal/minimum operating.

C.7.3 Electrical

73) Electrical supply for controls, solenoids etc.;
74) Electrical supply for motors;

75) Define hazardous area zones;

76) Enclosure protection IP rating;

77) KElectric motor specifications (if any).

C.8 | Laws, regulations, codes and/standards

C.8.1 Legal requirements applicable in the territory of the site
78) Applicable territorial laws; negulations, codes and standards, environmental standardg;

79) Any special statutoryor other regulations with which the equipment is required to corply.

C.8.2 Project stanidards, for example
80) The name of the third party inspecting authority to be commissioned by the purchaser;

81) The name'of the regulating authority, e.g. PED, ASME.

C.8.3 Cinternational Standards

82) Pressure parts' codes for tube bundle, external piping and damper air reservoir;

83) Other codes: e.g. for purge “NFPA 85: Boiler and Combustion Systems Hazards Code”;

84) Electrical specifications for hazardous area;

85) Noise and vibration;

86) Any preference for design codes for fatigue analysis if that is not addressed by the specified code.

NOTE ASME provides little guidance on designing for cyclic operation. EN has some requirement for
fatigue analysis.
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sion control equipment

87) Define requirements for emission control equipment, e.g. NOx, CO, sulphur and particulates;

88) If emission control equipment is not to be fitted during construction, state if space shall be allowed
for later addition.

C.10 Mechanical design

C.10.1 WH

RU tube bundle mechanical design

89) Tube by
90) Tube bu
91) Selecto

ndle design pressure;

ndle design temperature;

ption for design code for tubes and header:

es and headers to ASME VIII, division;

es to ISO 13704 and headers to ASME;

es and headers to EN 13445 (not usual but also permitted).
code is specified, select stamping option:

igned and constructed generally in accordance withxASME VIII, division 1, but withou
E “U” stamp;

y compliant with ASME VIII, division 1, including the ASME “U” stamp.
ption for tube bundle arrangement:

boered tubes (also known as triangular pitch). This is usually most economical with Ig
e surface, weight and cost, but semhe arrangements with triangular pitched hairpin co
fully gravity drainable;

ne tubes (also known @syrectangular pitch). It is easier to find leaks in an if
ingement;

a) Tub
b) Tub
c) Tub
92) If ASMH
a) Deg
ASN

b) Ful
93) Select o
a) Sta
tub
not
b) In-1

arr

c) Su

94) Select option for system)mechanical design temperature and pressure:

a)

b)

Tuble bundle,~casing and outlet ducting designed for maximum gas temperature in run
vented and'drained condition;

Tuble bundle, casing and outlet ducting designed for maximum gas temperature in run dry

lier selection.

t the

west
] are

-line

dry,

y, full

design/pressure condition;

)

Tube bundle, casing and outlet ducting designed for local maximum metal temperature at

under worst-case normal operation. There may also be a need for limited dry running for GT

stri

ng testing.

95) Tube bundle material, i.e. tubes, bends and headers, fins and supports (if not to be selected by
supplier);

96) Corrosion allowances; inside tubes (HTM side), outside tubes (gas side) (if not to be selected by
supplier);

97) Additional NDT on tube return bends, e.g. to detect surface cracking;

98) Specify

76

drain connection size or use supplier standard;
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99) Specify if hot casing design is acceptable;

100)

Material handling strategy describing how components are to be lifted and routed.

C.10.2 Welding and NDT

101)
102)
103)

Welding code for tube bundle, if not specified by the design code;
Welding code for ducting if not supplier standard;

Any supplementary requirements (e.g. concerning welding qualifications);

104)
105)
C.10
106)
107)
108)
109)
110)

N

111)

q

112)

C.10
113)

C.10
114)

C.11

C.11

gystem (steelwork or concrete foundations);

gupports, e.g. internationally recognised AIS€or EN code, if not selected by supplier;

NDT for tube bundle (if not 100 %) together with any requirements for PMI;
NDT for ducting.

.3 Casing and ducting
Shape for ducts, rectangular or circular (if not to be selected by supplier);
Exhaust system design pressure (if not selected by supplier);
Exhaust system material, e.g. stainless steel (if not to be seleeted by supplier);
External surface temperature limitations. (see also “Ifisulation”);

Exhaust system supporting requirements, e.g. nufitber, type and location of availablg

Design code(s) to be used for mechanicaltdesign of exhaust system casing, du

Inspection hatches: preferred locations and dimensions.

.4 Bolting and gaskets
Specify bolting and gaskets-(if not to be selected by supplier).

.5 Expansion bellows

Specify type of'€xpansion bellows, fabric or metal (if not to be selected by supplier)

| Insulation

.1 Insulation location options

115)

e supporting

ctwork and

Specify insulation philosophy, if not supplier selection:

a) Internal insulation, hence cold casing steel;

b) External insulation, hence hot casing steel.

C.11
116)

.2 Insulation materials

Specify insulation materials, if not supplier selection:

a) Internal insulation;

b) Internal insulation liner grade and thickness;

¢) External insulation material;
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