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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ON-LINE ANALYSER SYSTEMS -
GUIDE TO DESIGN AND INSTALLATION

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote

. _ ; . . L . —folds. To

nd and in addition to other activities, IEC publishes International Standards, Technical Speeifications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to fas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental gnd non-
govefnmental organizations liaising with the IEC also participate in this preparation. IEG)collaborate$ closely
with |the International Organization for Standardization (ISO) in accordance with congditions determined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly)as possible, an intefnational
consensus of opinion on the relevant subjects since each technical committeeshas representation|from all
intergsted IEC National Committees.

ublications have the form of recommendations for international use”and are accepted by IEC |National
ittees in that sense. While all reasonable efforts are made to ensure that the technical contert of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or|for any

4) In onder to promote international uniformity, IEC National Committees undertake to apply IEC Pullications
parently to the maximum extent possible in their natiohal and regional publications. Any diyergence
betwgen any IEC Publication and the corresponding national\or regional publication shall be clearly indjcated in
the latter.

5) IEC |[tself does not provide any attestation of conformity. Independent certification bodies provide cqnformity
assepsment services and, in some areas, access, to-IEC marks of conformity. IEC is not responsiblg for any
services carried out by independent certification bodies.

6) All ugers should ensure that they have the latést edition of this publication.

7) No lipbility shall attach to IEC or its directors, employees, servants or agents including individual experts and
mempers of its technical committees and IEC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsgeyer, whether direct or indirect, or for costs (including legal f¢es) and
expenses arising out of the puplication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Atterjtion is drawn to the Nermative references cited in this publication. Use of the referenced publicptions is
indispensable for the correct application of this publication.

9) Atterjtion is drawn to the' possibility that some of the elements of this IEC Publication may be the spibject of
patemt rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task(ofyIEC technical committees is to prepare International Standards. Howgver, a
technidal committee may propose the publication of a technical report when it has cqllected
data off adifferent kind from that which is normally published as an International Standard, for
example\istate of the art".

IEC 61831, which is a technical report, has been prepared by subcommittee 65B: Devices and
integration in enterprise systems, of IEC technical committee 65: Industrial-process
measurement, control and automation.

With the kind permission of the Engineering Equipment and Materials Users Association this
report is based on and includes extracts from EEMUA Publication 138.

This second edition cancels and replaces the first edition published in 1999. This edition
constitutes a technical revision.

The main changes with respect to the previous edition are listed below.

« Updated references;
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« Made consistent with current practices and regulations;

* Incorporating new technologies where applicable.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
65B/744/DTR 65B/793/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This puyblication has been drafted in accordance with the ISO/IEC Directives, Part 2,

The cdmmittee has decided that the contents of this publication will remain unchanggd until
the stgbility date indicated on the IEC web site under "http://webstore.ieC:ch" in tHe data
related|to the specific publication. At this date, the publication will be

* recpnfirmed,

* withhdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

This Technical Report provides guidance on the design and installation of on-line analyser
systems. There are many International standards and documents which are referenced below
relating to specific parts of the design and safety of on-line analyser systems. However, there
is limited practical guidance available on the overall design concepts, approaches, tools and
methodology for the design and installation of on-line analyser systems to ensure they
perform with the required reliability and precision which this publication addresses.

The document is divided into eight clauses

. Gen

. Hea
. Hou

N O R WN -

8. Ana

Individ

. Normative references
. Terms and definitions

. Remarks and considerations

. Samlpling systems

oral

th, safety and environmental considerations
5ings

yser communications

lal users of on-line analysers have varying practices-but the fundamental appr

pach is

genera|ly similar. It is therefore hoped that this document will encourage standardisation
within industry and lead to reduction in design and construction costs and to improved gafety.

The wqgrd "analyser" has been used throughout this document to refer to instruments vgriously

known

Where
authori

reference is made to International standards it should be noted that N
fies may have statutory requirements that are mandatory.

as on-line analysers, process stream:analysers, quality analysers, quality megsuring
instruments and process quality monitors.

ational
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ON-LINE ANALYSER SYSTEMS -
GUIDE TO DESIGN AND INSTALLATION

ope

011(E)

This technical report is a guide applicable to on-line analyser systems. It provides the
necessary guidance for the system supplier and user to specify or design a complete analyser
system from sample point in the process to the final output for display or control purposes.

2 Na

IEC 61

ISO/IE
excharn
Part 3:

physical layer specifications

BS 597

API (A

Automatic Sampling of Petroleum Products ()

EEMU/
340)

3 Te
For the

3.1
analys|
genera

3.2

analysjer casée

enclos

rmative references
P85:2004, Industrial-process control — Safety of analyzer houses

C 8802-3:2000, /Information technology - Telecommunications and info
ge between systems — Local and metropolitan area networks*< Specific requiren
Carrier sense multiple access with collision detection (CSMA/CD) access meth

5:1991, Code of practice for ventilation principles and designing for natural vent

NSI/ASTM D4177), Manual of Petroleum Measurement Standards — Part 8: Chaf

\ 175, Code of Practice for Calibration‘and Checking Process Analysers (Forni

rms and definitions

purposes of this document;/ the following terms and definitions apply.

r housing
term including_any of the following terms:

ire forming part of the instrument

mation
nents —
od and

lation

ter 8.2

erly IP

3.3
analys

er cabinet

small simple housing in which analysers are installed singly or grouped together. Maintenance

is carri

3.4
analys

ed out from outside the cabinet

er shelter

structure with one or more sides open and free from obstruction to the natural passage of air,
in which are installed one or more analysers. The maintenance of the analyser is normally

carried

out from within the shelter
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analyser house

enclosed structure in which are installed one or more analysers. Either natural or forced
ventilation is used. The maintenance of the analyser is always carried out from within the
house

4

4.1

Remarks and considerations

General remarks

The petrochemical, chemical, pharmaceutical and food industries need to be able to control
their p ' ' TTT ions for
maximyum profitability. The use of on-line process analysers is a valuable tool in,helping to
achieve these objectives. This is because analysers provide frequent (continugus or|cyclic)
analytigal information on key process properties to allow continuous on-line, eptimisgtion of

the

conditipns. Analyser repeatability is also usually better than a laboratonytreference
which allows closer control and targeting to product specification.

plant and rapid identification and correction of off-spec or undesitable opjerating

ethod

Howevegr, the correct design and installation of on-line analysers,which are addressed] in this
publicqtion are essential to achieve the full benefits from the analyser systems. Analysers are
expengdive to install and maintain and should only be installed when there is a clearly defined
and quantified benefit. On-line process analysers are usually justified for one or mor¢g of the

following reasons:

o O T o

)
)
)
)

4.2

Perlsonnel and plant safety
Pollution measurement, prevention and control
Oplimising plant operations for yield and thfoughput

Control of final products as closely astpossible to maintain specification and mjnimise
product quality give-away

Minimising product degradation and reprocessing costs in cases of plant upsets, change in
moge of operation and start-ups

Imgroving energy efficiency of boilers, furnaces, distillation columns and reactors
Coifrosion control

Further considerations

The following considerations are also important in the application of on-line analyser sygtems:

Analyserssand associated sampling systems are often complex installations demanding
atteéntion ;from specialist personnel responsible for their maintenance. Thereforg, it is
esdential that the end user has the appropriate, correctly trained manpower resourdes and
spd arts—avaiable-te-ensure A i mance
to capture the anticipated benefits

The justification for analysers is not usually based on the reduction in the cost of
laboratory testing as this saving is often offset by the associated increase in analyser
maintenance costs. To promote the effective use of analysers by operators it is often
beneficial to discontinue the duplication of analyses by laboratory testing. Laboratory
facilities are still required for validating and calibrating the on-line analyser systems and
for any statutory requirements

Single stream analysers are preferred and are usually essential for continuous automatic
control

On-line analysers usually require environmental protection in the form of housings to
ensure reliable operation
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4.3 Reliability

The following points are important considerations in the design and installation of analyser
systems:

a) Correct location and orientation of sample point

b) Proper design of the sample transport and sample conditioning systems

c) Availability of reliable and clean utilities

d) Environmental protection against heat/cold, humidity, solar radiation, rain, dust and

corrosion

e) Ease of accessibility for maintenance of all the analyser system components

f) Prdper design of validation and calibration facilities

g) Adeéquate preventive maintenance
4.4 Design

The design should permit maintenance, adjustments and repairs to be carried out quickly and
prefergbly whilst the analyser is in operation. Components likely to require attention should be
accessjible without the aid of portable ladders or other temporarys means and shall have
mountings/fixings located such they are also accessible from_thel front. The overall [design
should| eliminate or keep to a minimum the emission of hazardous or noxious gasgs and
vapourg and the possibility of liquid spillage.

4.5 Centralisation

The grpuping together of a number of analysers where practical in a shared analyser hguse or
shelterlhas a number of advantages:

a) Single housing

b) Common multi-core signal cables to_control system

¢) Common location for power, watér, steam and compressed air supplies. Common drain,
verjt and purge lines

d) Mofe efficient for maintenance

e) Common heating, ventilation and air conditioning (HVAC) systems

4.6 | ocal mounting

There gre, howeyer;‘cases where local mounting is desirable for the following reasons:

ponents
4.7 Pre-assembled systems

Pre-assembled analyser systems supplied by specialist analyser systems contractors or the
analyser vendors are generally the most convenient and economical approach to install new
analyser systems in the plant. They may include one or more analysers with their associated
sample conditioning system and common utility connections mounted together in the
appropriate housing(s). There are many advantages to this approach:

a) Systems designed and factory constructed by a specialist supplier are generally superior
to those produced in the field by a contractor on site

b) Detailed design and field construction by site contractor are reduced

c) Factory construction is independent of weather and labour conditions at site

d) Manpower at site is not usually skilled and experienced in this type of work
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e) Systems can be fully tested under simulated operating conditions and major design,
equipment and construction faults corrected before delivery to site

f) Proven designs can be used with consequent savings in costs and improved reliability

g) All relevant documentation can be incorporated into a single design and operating manual
by the specialist supplier

5 Health, safety and environmental considerations

5.1 Overview

Analyser_systems shall be designed, installed and operated in such a manner _that they are
non-hazardous to personnel, to the process plant and to the environment.

The principle hazards are ignition of flammable substances, contact with toxic|substances,
asphyxiation in enclosed spaces and release of harmful or polluting materials [to the
enviroament. It is also important that personnel coming into contact with analyser syst¢ms do
not suffer injury from additional hazards such as burns, electric shock and“cuts from ekposed
sharp g¢dges.

A numper of statutory requirements pertaining to safe design,and practices are in fprce in
many ftountries e.g. the ATEX and PED Directives in EurOope. There are also gpecific
standafds relating to the safety of analyser systems e.gi~IEC 61825. (See Clausg¢ 2 for
normative references and bibliography for other references.).

5.2 Prevention of explosions and fires

The sgme conditions apply to the installation of analysers as with installation of any other
electriqal equipment in electrically classified<hazardous areas and the appropriate r¢levant
legal regulations and standards should be_fallowed for the country in which the equipment is
being ipstalled.

The eftent to which the measures need to be applied can be minimised by restricting the
likely sjze of an internal release-in the housing by:

a) Minimising and restricting the quantity of potentially dangerous materials entering the
hoysing

b) Redlucing the number/of joints in sample lines

c) Using the lowestipossible operating pressures

d) Regducing the. power dissipation of the electrical equipment installed within the¢ main
englosure-ofthe equipment

e) Ensuring’ that the design does not produce surface temperatures above the |[gnition
temperature of the gases or vapours that may be present

5.3 Prevention of toxic and asphyxiant hazards

When a system is designed, the toxicity of the substances should be considered so that under
the worst fault conditions, the legal short-term exposure limits of the substances in the
atmosphere are not exceeded. The design shall also ensure that, under the worst fault
conditions, the atmosphere inside enclosed spaces which personnel may also enter, cannot
reach asphyxiating levels. It should be noted that many substances will reach the short-term
exposure limit or asphyxiant levels long before the lower flammable limit value.

Analysers handling toxic substances may need to be separately housed and clearly identified.

Sampling systems containing toxic or otherwise dangerous substances should be purged with
air or an inert material prior to disassembly. Warning signs shall be provided to alert
personnel to possible toxic and asphyxiate hazards.
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Certain analysers contain toxic components and care is needed during maintenance e.g.
reagents in wet chemical analysers and certain materials of construction. Toxic calibration
samples shall be stored and piped from outside analyser housings.

5.4 Radiation hazards

Apparatus and enclosures containing radioactive sources shall be clearly identified and
handled in accordance with the relevant statutory regulations.

5.5 Safety facilities

Gas monitoring and alarm systems for flammable, toxic and asphyxiant substances should be
installgd in enclosed analyser houses and cabinets as necessary. Fire extinguishers|and/or
fire blankets should be made readily available at housings containing flammable stibstances.
Fire detection and automatic suppression equipment may also be appropriate. Escape
facilitigs should also be provided as necessary.

Housinjgs containing toxic, acid or alkaline materials should have eye baths and showgrs in a
readilylaccessible nearby location.

5.6 anual shut-down facilities

Manua| shut-down devices for the incoming power, sample,-carrier gas and other potentially
hazardpus utilities should be fitted close to the analysers. In the case of analyser cgbinets,
shelters or houses, these devices should be clearlyidentified and located outside the
housing.

A sepafrate shut-down device should be fitted for.any associated house ventilation fans.

5.7 Noise
Attentipn should be paid to noise levels within analyser housings to ensure maximum short
term and long term noise exposure limits are not exceeded. The most likely sources of noise

are frgm heating air conditioning~and ventilation systems, water chiller units, air|vortex
coolerg, purge systems, pneumatic valve switching and sample pumps.

6 Hqusings

6.1 Dverview

Analysers and‘analyser sampling systems require varying degrees of protection, degending
on the|type of analyser, importance of application and the environment in which it|has to

operate. {Where the instrument case itself is not suitable for the working envirgnment,
additiowpwmmm&uuMactory

performance of the instrument and to facilitate maintenance.

The selection of the housing required for a particular analyser system depends on a number
of factors, such as:

a) Hazardous area classification of the area in which the analyser is to be located

b) Special requirements specified by the relevant safety authority, vendor or user

c) Range of ambient conditions at site (e.g. temperature, rain, humidity, snow, wind, dust/
sand, direct sunlight, corrosive atmosphere)

d) Environment specified by the analyser vendor for reliable, accurate and/or safe operation
e) Protection required for equipment and personnel during maintenance operations

f) Maintenance and accessibility requirements of the system components
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g) The initial installed cost

This section primarily describes analyser housings located in hazardous areas and/or into
which hazardous samples are introduced. Analyser housings located in a non-hazardous area
and into which no flammable, asphyxiate or toxic samples, services, calibration mixtures, or
air from a hazardous area is introduced are only required to provide the necessary
environment for accurate and reliable operation without any special conditions for ventilation.

Four types of housing, as defined in Clause 3 are considered:

D

Analyser case

O

O

)

) Analyser cabinet
) Antlyser shelter
) An

o

lyser house
6.2 Belection of housing
6.2.1 Analyser case

Analysers such as pH meters, electrolytic conductivity meters etc. may be installed dirgctly in
the opén (enclosed only in the case) provided they comply with the)specification of hazardous
area clpssification and environment.

The advantages of this method are that the area around{the case is naturally ventilgted so
there is no risk of accumulating an explosive atmasphere outside the casing. This|is the
lowest|cost method of installation. The disadvantagesare that there is no weather prdtection
for eqyipment or maintenance personnel. Equipment shall be carefully specified to mjnimize
corrosipn attack and it may not have as longr,an operational life as equipment which is
installgd in a cabinet, shelter or house. This method of housing is not suitable when anplysers
requirel heating or extensive maintenance.

6.2.2 Analyser cabinet

Analysprs can be installed singly;or grouped in cabinets provided that the equipment is
installdd in accordance with the-hazardous area classification. Analyser cabinets prgvide a
low cost means of improving eénvironmental protection for analysers and can help make the
equipment more easily aceessible for maintenance.

The anfalyser manufacturers environmental specifications can be met by e.g. including|heater
in the ¢abinet if required. Ventilation where necessary is normally achieved by natural means.
The af@lvantage™of a naturally ventilated method is that ventilation is permanept and
independentefimechanical failure.

Howevgryhatural ventilation does not change the hazardous area classification ins{de the
cabinet and where a non-certified analyser with cabinet is to be installed in a hazardous area
a certified air purge system will be required. The disadvantages of cabinets are that there is a
practical limit on the size of analyser installed and no protection is provided for maintenance
personnel.

6.2.3 Analyser shelter

This construction can be used when the analysers comply with the hazardous area
classification of the location and the ambient environmental conditions comply with the
analyser manufacturers specification. A shelter may be conveniently used for equipment
requiring minimal protection.

A shelter is advantageous where highly toxic materials are handled. The advantages are that
it facilitates the grouping of analysers and affords some protection for maintenance personnel,
as well as affording permanent natural ventilation. Its disadvantage is that it does not give the
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facility to change the hazardous area classification and affords only minimum environmental
protection.

6.2.4 Analyser house

The analyser house is the highest cost installation but is usually justified for analysers, which
require a high degree of protection, which are expected to require regular attention and from
which a high service factor is required. These analysers may be installed in an analyser
house which affords a controlled environment for operations and maintenance, and should
reduce long term maintenance costs.

This type of protection is essential where extreme ambient conditions are encountered. The
two alternatives for the ventilation system are either the natural ventilation system|or the
forced jventilation system.

The natural ventilation system provides limited control of the environment“and the area
classification within the house will always be the same as the surrounding,atmosphere.

The advantages are a simpler and cheaper installation, since natural<ventilation is permanent
and independent of mechanical failure. The forced ventilation system can closely confrol the
environfment within the structure and the area classification within/the house can be fhosen
depending on the source of the ventilation air. An advantage is\that uncertified equipmént can
be used in the house provided ventilation air is drawn from‘safe area and safety interlocks
are incjuded to isolate the equipment when the ventilationisystem is not operating.

6.3 Area classification and toxic danger
6.3.1 Electrical area classification

The arpa within the above house, shelter ok cabinet should be classified in accordange with
the appropriate local regulations. These-decuments will lay down the type of equipment which
is necgssary and the precautions which-must be taken to achieve the required level ofl safety
within the housings. All equipment<used in these housings should be suitable for|use in
accordpnce with the area classification.

6.3.2 Toxic and asphyxiate danger

Ventilation requirements for an analyser housing into which toxic materials are intrpduced
should| ensure that the relevant occupational exposure limit for those materials [is not
exceeded under normal or any likely fault condition. Entry into a housing wherg¢ toxic
materigls can bepresent above the occupational exposure limit should be prohibited without
superv|sion and.appropriate means of detection and protection. A warning sign of the ppssible
presence of-a-highly toxic gas within the housing should be given on doors or case.

Ventilatiom—Tegquiterments—for —am—amatyser —housing—imto—witch—asphyxiate —Tmaterials  are
introduced should ensure that dangerous asphyxiate levels are not exceeded under normal or
any likely fault condition. A warning sign of the possible presence of an asphyxiate gas within
the housing should be given on doors or case.

6.4 Construction and mounting
6.4.1 General

The preference for the type of construction within the options below should be specified by
the user.
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6.4.2 Analyser housings

The following guidelines are applicable to all types of analyser housing: Materials of
construction should be of fire-resisting material and be resistant to attack from oil and
chemicals. Other environmental factors such as high humidity, frost, solar radiation, etc.
should also be considered. When used as a support for equipment the enclosure should have
sufficient rigidity to minimise vibration.

Where necessary, anti-vibration mountings and flexible pipe connections should be used to
isolate vibration-sensitive analysers from pipework or structural vibration. Lighting should be
provided to give adequate illumination for operations and maintenance. Lighting shall remain
operational at all times and shall be suitable for Zone 1 hazardous areas.

Heating and air conditioning should be considered when extreme temperature and/gr high-
humidify conditions are expected. Heater surface temperature should not)exceed the
temperfature allowed by the area classification and the heater element should be shielded
against accidental contact by personnel.

Where|ambient conditions or heat release within the analyser house“results in unacceptably
high temperatures air conditioning should be considered.

Where|any form of environmental temperature control is considéred within the housipg, the
wall and roofing materials and construction should be designed to minimise heat losf. This
also a;tplies to minimizing heat gain within the housing due to solar radiation. Wherqg cavity
walls afe used care shall be taken to ensure gas or liquid cannot build up within the caMity.

6.4.3 Analyser houses
The foljowing points are applicable to analyser‘houses:

a) Copstruction is typically of brick, comcrete, stainless steel sheet or glass reipforced
plagtic/marine ply sandwich.

b) Oujward-opening doors should, be provided at both ends of the housing to permijt easy
esdape in an emergency. The(position and size of doors and the access to them should be
arranged to permit removal*of equipment housed. Lockable doors should be ayoided.
WHere these are considered essential, the doors must be capable of being opendd from
the|inside in the locked-condition and crash bars shall be provided on all doors.

c) Safety-type windows” of a suitable material should be provided in each door [unless
spqgcifically exclided by the user or safety authority.

There ghould beyunobstructed internal headroom of at least 2 m. Dead corners and trenches
that may colleet gas should be avoided. Equipment such as, sample conditioning units, gas
cylindelrs, calibration sample containers, and laboratory sampling points shall be |ocated
outsidg the” housing with appropriate weather protection, unless otherwise specified [by the
user.

Roofs shall be inclined to prevent accumulation of water. Suitable vents shall be installed at
the highest and lowest points to prevent the accumulation of gas pockets. Where the housing
is to be mounted on a concrete base it should be impervious to hydrocarbons, raised at least
0,1 m above the surrounding area and sloped to a suitable point outside the housing for
draining of any spillage and cleaning.

6.4.4 Analyser shelters

The following points are applicable to an analyser shelter:
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It should have a ventilated roof and the lower edge of the side sheeting terminated at a
minimum height of 0,5 m above the ground. Consideration should be given to mounting
equipment above the lower edge of the side sheeting.

6.5 Analyser housings with natural ventilation
6.5.1 General

Natural ventilation is defined as ventilation induced by external wind forces and/or thermal
gradients between inside the house and outside. Natural ventilation does not rely on
mechanical means.

The following subclauses 6.5.2 and 6.5.3 apply only to houses and cabinets.

6.5.2 Ventilation requirements

The ventilation rates should be designed to dilute and dissipate any dangerous felease
(flammpble, toxic or asphyxiate) within the house or cabinet.

By its [very nature, the mechanism of natural ventilation does not give close contrpl over
ventilation rates. Statistical data is required on wind speeds, direCtions and frequencieg at the
proposed location of the house. From this data and knowledge{ef heat dissipated within the
house from equipment (excluding environmental heaters) ventilation areas can be calcylated.

The mpde of ventilation (wind induced or thermally jifiduced) which gives the smallg¢r area
requirgments should be used. Wind calculations should use the minimum average wind speed
exceeded for 90 % of the year. Wind or thermally.induced calculations should use as g basis,
a minimum of 10 changes/hour or the number of.changes necessary to:

serpice line to less than 20 % Lower. Explosive Limit (LEL) around any potential m¢ans of
ign|tion. Particular attention shall be' paid to those liquids which vapourise at gmbient
temperatures. Dilute to below the occupational exposure limit any toxic gases/vapours
intioduced into the house by akcidental rupture of any one sample or service ling within
the|house:

a) dildte escaping vapours from the rupture or failure of the most hazardous sar}ple or

b) dildte to below the asphyxiate level any asphyxiate vapour/gases introduced ipto the
hoyse by accidental «upture of any one sample or service line within the housg. Wind
induced ventilation (rates should also be calculated for maximum average wind speeds
usipg a gusting, ratio of 1,6. If resulting ventilation rates exceed 50 changes/hoyir then
comfort factorsswill deteriorate.

6.5.3 Heating requirements

With the @boeve design procedure the temperatures in the house will essentially follow|that of
the odiside ambient temperatures. To improve temperature control, thermo-statically
controlled heating can be included. The heater banks should be sized to give a maximum exit
air temperature of between 50 °C and 55 °C with the heater full on.

The air flow across the heater should not exceed the equivalent of 20 to 30 changes/hour in
the house. With heating inputs as above it may be found that with a nominal temperature
control setting on the thermostat of 20 °C a somewhat lower temperature will be achieved on
the coldest days. This low value can be assessed by re-calculating the thermally induced
ventilation rates. However, increased heat input is not recommended on the grounds that it
would be wasteful.

Fan assistance can be included to aid distribution of the warm air. Warm air should be
distributed in the lower half of the house as close to the lower vents as possible.

Annex D shows a worked example.
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6.5.4 Analyser shelters

Shelters should be designed to prevent accumulation of gases and liquids.

6.5.5 Analyser cases

The manufacturers’ installation requirements should be followed.

6.6 Analyser housings with forced ventilation

6.6.1 General

Forced’[mmmmrmmwwm-mwmmls. The
following paragraphs are applicable to analyser houses. Shelters by definition are naturally

ventilated, cabinets and cases are not normally force ventilated.

6.6.2 Ventilation requirements

The hquse should be ventilated with air to keep flammable or toxic_gdses, either lighter or
heavief than air out of the house, and to dissipate any leakage insidé-the house. Air|should
enter and leave the house by entry and exit ports as discussed*in 6.6.5. The m|nimum
differential pressure under operating conditions should be 25 pascals (0,25 mbar). It is [normal
practice to operate at an overpressure of 2 mbar to 5 mbar, The minimum air flow shall be
10 chahges/hour (10 changes/hour is recommended but shall be at least 5 changés/hour
accord|ng to IEC 61285) and sufficient to:

a) dildte escaping vapours from the rupture or failtre of the most hazardous sanpple or
serjvice line to less than 20 % LEL aroundcany potential means of ignition. Pafrticular
atténtion shall be paid to those liquids which-vaporise at ambient temperatures;

b) dildte to below the occupational exposureimit any toxic gases/vapours introduced into the
hoyse by accidental rupture of any one;sample or service line within the house;

c) dildte to below the asphyxiate level any asphyxiate gases/vapours introduced ipto the
hoyse by accidental rupture of any_one sample or service line within the house;

d) asdist in maintaining the temperature inside the house within limits specified by the juser
6.6.3 Air intake system

The aill intake should bé through a stack provided with a weather protection cowl (rain|hood).
The aif source should be from a non-hazardous area where corrosive or toxic gases|do not
occur. [The design.ofithe intake duct and the diameter of the stack should be sized to [imit air
velocity to a maximium of 15 m/s. Any ducting to the analyser house which passes through
hazardpus areas should be leak-tight. Ducting through Zone 1 hazardous areas shquld be
avoided where possible.

| Baatan a—dictan + +h aaf OSSR — LV QQI, aadin-th RO b
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drawn from a Zone 2 area in which case the following will apply:

a) Analyser house equipment shall be certified as suitable for Zone 2 as a minimum

b) Live maintenance should not be carried out except under a permit. Maintenance
equipment should be isolated in the event of ventilation failure or gas detected.

6.6.4 Ventilation fan requirements

The forced ventilation equipment should be mounted outside the building and should be
suitably protected. Ventilation should be by means of a centrifugal or axial fan. Motors
positioned in the duct shall be suitable for Zone 2 operation. Dual ventilation fan systems
should be considered to minimise trips of non-certified equipment on ventilation failure and to
ensure continued dilution of leaks of flammable, toxic and asphyxiate materials in the event of
failure of one fan. To facilitate maintenance, fans should be fitted in parallel with non-return
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valves and have suitable means of mechanical isolation. Power supplies to the fan motor
should be independent of each other.

A filter should be installed in the ducting and should be easily accessible for cleaning or
replacement. The area of the filter should be sized to require cleaning/ replacement not more
frequently than once per month under the worst dust conditions expected on site.

6.6.5 Airflow requirements

The direction of airflow within the housing should be such as to ensure a movement
throughout the housing and around all equipment installed inside irrespective of wind direction
and strength. The position and number of air entry and exit ports should be dependent on the
nature |of the hazardous materials handled inside the house (e.g. density heavier or|lighter
than of equal to that of air, toxicity and the concentration necessary to achieve“thg lower
explosive limit). The air exit ports should be louvers or weight-balanced flaps. Atlleast 0 % of
the ex|t ports should be operable under all wind conditions. See IEC 60079-13 for |typical
ventilation rate calculations.

6.6.6 Heating requirements

The tenperature inside the building should be controlled at a nominal 20 °C. Howevgr, any
heating and/or cooling systems should be designed to maintaifitemperatures within the limits
of 10 °IC and 30 °C under extreme conditions dependent on<equipment and/or maintgenance
restraints.

Under |tropical conditions where high humidity may‘be a problem, the temperature| inside
should|be a minimum of 5 °C above ambient to aveid condensation of moisture on thg walls
and equipment. If this is not practicable due to“high ambient temperatures, consideration
should|be given to the provision of air conditionitng or dehumidifying the air.

Due regard should be paid to heat given'off by analysers, sample lines and trace heating as
well as| solar radiation on the walls androof when calculating the base temperature insfide the
building. With the analysers shut down, the temperature shall not fall to less thap 5 °C.
Heating should be by the installation of electric or steam heaters. Electrical heaters should be
of the |[metal-sheathed tubular-type with the surface temperature below 200 °C under any
conditipn of operation including“fan failure. Where ventilating air is taken from a Zone 2 Area,
then thie surface temperature of the heater should not exceed the temperature classification of
the gag groups present(injthe Zone 2 Area.

6.6.7 Safety monitors and alarms

6.6.7.1 Overview

The primary’safeguard for the analyser house is the design of the equipment to the rg¢quired
standa Wﬂmwmwmdectors

should be fitted as an additional safeguard, the detecting heads being located at key points
within the analyser house. The detector heads and associated electronics should be suitable
for Zone 1 hazardous areas.

Analysers should preferably be certified for use as a minimum in a Zone 2 hazardous area.
(This is to allow continued operation even when ventilation and combustible alarms exist.

Any shutdown/alarm logic is usually contained within the analyser house and incorporates all
logic indicators, key operated alarm/shutdown override switches and equipment reset
switches.

To allow continued operation during ventilation failure and/or gas detection, the analyser
house lighting, and equipment associated with the shutdown/alarm system including all
initiators, logic and alarm indicators should be certified for use in Zone 1 hazardous areas.
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Uninterrupted Power Supplies (UPS) should be used for all of the shutdown system, including
gas detectors.

The following alarms/shutdowns should be provided as appropriate.

6.6.7.2 Ventilation failure

A low flow switch positioned to unambiguously detect failure of airflow through the house
should be used. Care should be taken to ensure any air flows due to leaks in filtration units,
parallel fan re-circulation routes etc. are not monitored. The switch should be set to indicate
flow failure when flow falls below the equivalent of 60 % of design flow. A time delay of up to
1 minute_ may be used to prevent spurious operation during short term disturbances.

Low flgw detection should initiate visible and audible alarms in the house and at.a manned
locatiop elsewhere.

Where|equipment other than that suitable for Zone 1 or Zone 2 operation ji.eJ general purpose
is used, the low flow detection shall initiate the following trip functions.

a) Immediately isolate non certified equipment

b) Immediately isolate wall sockets

c) In the absence of flammable gas detection isolate Zone&. 2 certified equipment after an
optjonal time delay up to a maximum of 24 hours

d) Fonl Zone 2 purged equipment, purge failure coincident with ventilation failure [should
initlate isolation of the purged equipment after an optional time delay up to a maxignum of
24 hours

Upon festoration of ventilation, power shall{not be permitted to be restored to isolated
equipment until at least 10 analyser house wolumes of air have been exchanged. This|should
be aujomatically controlled via a delay-on timer initiated when ventilation airflow is
establighed. Activation of a local manuakreset facility will then be allowed to restore poyer.

Ventilation fans shall have local.start/stop switches.

A visual indication of the pressure differential between the analyser house and the external
atmosphere should be provided within the analyser house.

6.6.7.3 Flammable gas or vapour detection

If flammable gas)detectors are used they should be calibrated and positioned according to the
nature | of the—gases expected to be released within the house either from the apalyser
systemls or\via the ventilation system.

Gas detection shall initiate visible and audible alarms in the house and at a manned location
elsewhere.

Gas detection should initiate a visual alarm on the outside of the house, normally a yellow
flashing beacon.

Gas detectors should give two levels of alarm with trip functions as follows:

a) Immediately isolate non-certified equipment on 20 % LEL detection.

b) Immediately isolate wall sockets on 20 % LEL detection.

c) For Zone 2 purged equipment, purge failure coincident with 60 % LEL detection should
initiate isolation of the purged equipment.

The above trip functions should operate independently of ventilation failure trip functions.
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Gas detection is an added safeguard and is not a substitute for ventilation failure trips other
than allowing for the optional requirement for the time delay on tripping Zone 2 and purged
equipment to be removed.

On removal of the hazardous conditions as indicated by the gas detection equipment (below
20 % LEL), power shall not be restored to isolated equipment until at least 10 analyser house
volumes of air have been exchanged. This should be automatically controlled via a delay-on
timer initiated when flow is established/confirmed and the LEL falls below 20 %. Activation of
a local manual reset facility will then be allowed to restore power.

6.6.7.4 Purged equipment

PurginJ; of non-certified equipment with no internal source of release of flammable malerial is
necessary for Zone 2 or Zone 1 hazardous areas. If the analyser house is designated Zone 2,
tripping of equipment on purge failure is not required other than trips asSoeiatgd with
ventilation failure and/or flammable gas detection as described in paragraphs 6.6.7.2 and
6.6.7.3|.

Purging of equipment with an internal source of release of flammable”material has the| added
functioh of preventing a build-up, from an internal leak, of a flammable atmosphere within the
equipment by dilution or inerting.

All punged equipment should be certified Ex'p'. Purge faiture in any circumstancep shall
initiate|visible and audible alarm.

6.6.7.5 Toxic and asphyxiate gas detection

If toxic|and asphyxiate gases are handled inside,the house, toxic gas and oxygen deficiency
detectipn should be provided. Detection of ‘{foxic gas above preset alarm of oxygen| below
preset [limits should initiate a visual and audible alarm in the house and at a manned Ipcation
elsewhjere.

Toxic gnd low oxygen gas detection should initiate a visual alarm on the outside of the [house,
normally common with flammable(gas using a yellow flashing beacon.

6.6.7.6 Fire detection and protection

Manua| call points should be provided on the outside of the house next to the doofs. Fire
detectipn may be provided in the form of smoke or heat detectors. They are normally only
installgd where _there is general purpose equipment using large volumes of sample e.g.
octane|engine comparators or where there are open flame type analysers e.g. Wobbe lipdex.

Fire sWppression may be provided which can be automatically or manually initiared on
detectipn.of fire.

Where automatic release is required, initiation should be controlled by smoke detectors, but
an independent manual release facility shall be provided. For automatic release, voting
systems are preferred to prevent spurious operation of extinguishing.

Fire detection shall initiate a visual and audible alarm in the house and at a manned location
elsewhere.

Fire detection should initiate a visual alarm on the outside of the house normally a red
flashing beacon.

In the event of fire detection, consideration should be given to automatically initiate the
isolation of:


https://iecnorm.com/api/?name=6c45d7c8bb06149aafe61c5c93ebb733

TR 61831 © IEC:2011(E) -21-

a) Any pipework entering the house that contains flammable materials

b) Ventilation fans

c) All electrical supplies to the house

Where fire suppression systems are fitted, it is necessary that ventilation air is shut off, all

ventilation inlet and outlet louvers are automatically isolated and analyser house doors are of
the self-closing type.

Extinguishing system status should be indicated over the house door. e.g. Blue - locked off,
Green - manual, Amber - automatic, Red - discharged. States other than Red for discharged
are optional depending on degree to which the personnel are to be informed.

6.6.7.7 Alarms

The fqgllowing analyser house related local alarms/indicators should be generated and
displayed:

) Ventilation flow low *

) Combustibles present (more than 20 % LEL) *
) Fanp 1 not in operation
) ol
)

o

o O

Fa

Common alarm for failure of any individual analyser air,purge system failure *

2 not in operation

D

f) Toxic gas present (no more than the long term Occupational Exposure Limit (OHL)) - if
applicable *

g) Low oxygen levels detected”
h) Fir¢ detected - if applicable *
i) EXI

i) 24 hour timer in operation

nguishant released - if applicable *

k) 10 pir changes completed after restoration of normal conditions
I) Common shutdown/alarm bypass in operation *
The alprms marked * should also be transmitted to a permanently manned controll room,

either individually or as ascommon alarm.

7 Sampling systems

7.1 Dverview

Where|ananalyser is not installed with its sensing element directly into a process|line, a
sample—System will be necessary. A sample sysiem Includes all components from, and
including, the sample probe up to the analyser inlet inclusive of the sample transport system
(sample line).

The purpose of the sample system is to ensure that the analyser receives a sample
representative of the process stream with the minimum of delay and in a state (temperature,
pressure, cleanliness, flow-rate) such that the analyser will operate within its specification.
The system shall include all components necessary for proper and safe operation. Probes,
valves, filters, coolers, heaters, pressure regulators, pressure relief valves, space/trace
heating, coalescers, piping/tubing, pumps, and all other necessary equipment should be
included as required.

Sample systems should be designed to minimise product/material waste through the use of
fast circulating systems (fast loops) and sample recovery techniques. A sample system may
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have two separate conditioning systems, one located near to the tapping point (sample pre-
conditioner) and one located near to the analyser (sample conditioner).

7.2 Sample system terminology

analyser response time

a) for continuous analysers: the time taken to reach 90 % of a step change

at the analyser inlet i.e. T90

b) for cyclic analysers: the time taken to complete each cycle

analysis

time lag

the sum of the 'sample system lag' and the 'analyser response time'

, i.e. the

time between withdrawal of sample from the process and the analysis result

by-pass

a filter in which only the analyser offtake passes through the filter

edium.

filter

The fast loop passes through the filter housing and may scour the fi
element giving a self- cleaning effect

ter

by-pass

sample loop

a sample circulating system from the process and then backto-the j
or to a vent or drain

rocess

fast circ

lating loop

a sample circulating system from the process to the precess, with s
usually taken to the analyser via a by-pass filter within"the loop. (A
will normally be shown as part of the process systerm on a process
drawing)

hmple
ast loop
P&

multi-str

pam systems

a system comprising one analyser shared~between two or more sanm
streams

ple

overall time lag the sum of 'analysis time lag' and 'process lag’
robe a device inserted into the line for extracting a sample for use with ap
P analyser
rocess la the time between controlaction and the resulting change at the progess
P 9 analyser sample point
sample (tapping) point the position from which a sample is taken
the time between\withdrawal of sample from the process and its del|very to

sampling system lag

the analyser

7.3

General requirements

The oVerall time lag of the analyser system, which includes process lag, sample sysfem lag

and a

nalyser response time, should be consistent with the measurement and

requirgments of the particular process.

Sample¢ system lag§.may be kept to acceptable limits by locating the analyser close

samplg

by-pas

Sampl

readi|y maintained

take-off paint, or by increasing the velocity of the sample (e.g. fast circulation
5 to vent, drain or alternative disposal point).

systems and their components shall be installed in such a manner that they

control

to the
oop or

can be

The physical or chemical properties which are to be measured shall not be changed in the
sample system unless specifically required for the analysis.

Sample systems should be designed so that possible contamination of or damage to the
analyser is prevented under plant upset conditions. Where, however, this is not possible,
protective alarm and shutdown facilities should be provided.

Facilities for calibration and/or laboratory check sampling shall be provided. (See7.12).
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7.4 Sample point location

The following should be observed in the selection of the correct location of a sample point on
the main process line for the analyser. The optimum position may involve a compromise
between several of the points below:

a) The sample point should be located at a point where the sample is expected to give the
correct information on the properties or composition of the stream.

b) The sample point should be located at a point in the process which provides the most
accurate representation of the process and where it is most appropriate for process
control avoiding unnecessary time lags.

ssures

ion

).
d) The location should be chosen so that temperature, pressure, dryness or othérycor|ditions
are| already as close as possible to those required for the analyser in order,to mininfise the
usqg of additional sampling system components such as sample coolers, pilessure
regulators, relief valves, etc.

e) The sample take-off points shall be readily accessible from grade or permanent plafforms.

f) Analyser and laboratory process sample take-off points shall be‘kept separate, (sg¢e 7.12
panagraph 6).

Particular care should be taken to avoid locating sample take-off points where thefe is a
possibility of contamination, or where pockets of gas/vapourfliquid/hydrocarbon/water/dirt/two
phasing may occur in the plant stream.

Where[samples are taken from horizontal lines, gas‘samples should be taken from the fop and
liquid $amples from the side. Where samples are taken from vertical lines, liquid samples
should|only be taken when the flow is upwards

When [ representative sample is required from lines containing two-phase mixtures (e.g.
liquid Tnd vapour phases of material) or mixtures of immiscible fluids (e.g. oil in wpgter or
water |n oil) care should be taken 'to" ensure there is adequate mixing i.e. a homogenous
samplg flow must be present.

Samples should be withdrawn. by probes, protruding into the process line to avoid wall ¢ffects.
An example of such a pragbe’is shown in Annex A. Special probes may be necessary to| take a
samplg from a specific-leeation within the process.

Design| of samplée_probes should ensure failure cannot occur due to resonance (viljration)
effects| Annex(B)covers the necessary procedures.

For samples’taken from, and required to remain in a liquid phase, the pressure in any|part of
the saﬁmmwmwwwwrevem

flashing.

When reducing the pressure of hot liquid samples the need to prevent cavitation or flashing
across the pressure reducing device should be noted. e.g. placing of coolers upstream of the
pressure reducer.

When reducing the pressure of samples, particularly gas, consideration should be given to
any Joule Thomson effects leading to cooling and icing problems, e.g. for moisture analysis,
this could lead to degradation of the sample. Sample pre-heating and/or reducer body heating
may be used.

Sample probes can be designed to minimize time lags. It is especially important to keep the
liquid volume to a minimum where liquid samples are to be vapourised to reduce such lags.
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7.5 Fast circulating systems (fast loops)

Fast circulating loops should be used to reduce sample system time lags with the minimum of
product waste. The fast circulating loop should return to process wherever possible. Returning
large volumes of process gas or liquid to vents or drains is not environmentally acceptable
and may need the permission of the local government inspectorate. Annex C enables sample
velocities and time lags to be determined from line size, viscosity and pressure drop.

Where possible, fast loops should take advantage of pressure differentials across the
process. This negates the need for additional sample pumps, sample eductors etc. reducing
installation and maintenance costs.

Fast lopps across the following sources of differential pressure should be avoided:

a) Control valves: These usually create a variable differential pressure. Moreover-the [control
function may be adversely affected.
b) Restriction Orifices: These normally create a relatively low differentialpressure gt high
engrgy loss.

Fast lopps should not be installed across orifice plates used for flow measurements, ap it will
affect the accuracy of the flow measurement.

When ftake-off and return points are widely separated, patticular care should be tgken to
ensure|no flow measurements or emergency isolation valves are by-passed.

The sample stream from the fast loop fed to the analyser should normally be filtered thrjough a
self-clganing by-pass filter.

Specijly installed pumps in fast loops should\be avoided because of their extra maintgnance
requirgments. If required the pump and its.associated filter should not degrade the sample.

Facilities should be provided to indicate and regulate adequate flow in the loop usuaelly by a
flow meter located near to the analyser in or at the sample conditioning cabinet or pane]

7.6 By-pass systems

By-pasjs systems may be,used to reduce sampling system lag e.g. when vapourising|liquids
for gas|analysis.

By-pass systemsynay be used where they do not create environmental hazards and:

a) it ig not-practicable to return product to Process e.g. vapour and/or gas at low presslure;

b) it i$\nOt economic to return product to process because cost of recovery would gxceed
thatoftheproductvatue;

c) return of the product to the process would cause contamination or degradation.

Particular attention shall be paid to the location of vent or drain when handling toxic and
flammable substances. Flows shall be small to minimize risk and environmental impact.

7.7 Sample recovery systems

Sample recovery systems are used to return low pressure product by mechanical means back
to the process. The low pressure product may be derived from the by-pass flow and/or the
analyser discharge, (see.7.11.3).

Sample recovery systems are typically a collection vessel with a pump controlled from
level/pressure switches within the collecting vessel, (see.7.11.3).
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7.8

Special considerations

Where necessary, vapour phase samples should be heat traced and lagged to keep the
sample at a temperature which will avoid condensation at any point within the sampling
system and analyser. Analysers on vapour phase systems may also be heated to prevent
liquid forming in the analysis chamber.

Liquid samples which are analysed in the vapour phase should either be:

a)

b)

completely vapourised as close as possible to the sample take-off point, and maintained
in the vapour phase throughout the sampling system and analyser. The use of a reduced
bore sampling probe (e.g. 3 mm to 6 mm bore) in the process line is required to reduce
thersamptimgtimetag; or

tra

l

The voJume of liquid between the take-off point of the fast loop and the vapourisér sh
minimi
pressu

red. (e.g. the volume of LPG increases approximately 300 times when_vapouris
re of 1 bar).

Heat tfacing and lagging should be provided as necessary, pafticularly to replac
absorbgd at the vapouriser.

Gas sgmples should be pressure-reduced as close as possible to the sampling point

fast lo
reduc

should

e

Tp to reduce time lags. Heat tracing and insulatiori,may be necessary at the pr
to replace heat lost by the Joule Thomson gffect. Where necessary sample lines

be insulated and heat-traced to avoid condensation.

Sampl¢ from lines containing two-phase mixtures or mixtures of immiscible fluids
specia
from a
crude ¢il, offers further guidance on two phase sampling.

Faciliti

o O T o

)
)
)
)
)

D

7.9

on
wh
for
els

section of the line where the flow is:turbulent. ISO 3171, while specifically rele

s for flushing of sample lines and analyser should be provided:

all streams where the sample has a viscosity greater than 500 ¢S at 38 °C;
bre solidification is possible;

corrosive and toxic services;

bwhere whemspecified by the user;

due consideration should be given to the provision of pressure relief valves.

Multi-stream systems

sported through a fast circulating loop and vapourised near or within the apalyse¢r.

uld be
bd at a

e heat

or the
essure

Fequire

consideration. Where analysis of thexmixture is required the sample should bg¢ taken

ting to

Singleqstream analysers are preferred and are usually essential for automatic control.

A multi-stream switching system may be used with some types of analyser. The cost of a
number of single-stream analysers versus one on multi-stream service shall be assessed
against the greater overall reliability of single-stream systems.

Disadvantages of multi-stream systems are:

a)

b)
c)
d)

Common mode failures i.e. Loss of information on all streams from the anlyser to the
DCS/data-handling system in the case of analyser failure.

Possibility of contamination of one sample with another.

Possibility of cross contamination of process streams via the sample system.

Increased time delay between stream analyses.
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e) Increased probability of failure due to complexity of the multi-stream sampling system with
the switching arrangement, the sample selection unit and the data handling unit.

f) Increased maintenance problems of the sampling system due to greater complexity.

The possibility of contamination should be reduced by:

a) Designing the sampling system such that the entire stream switching valve header is
flushed thoroughly with the sample to be measured.

b) Ensuring that no part of the line system contains a static sample from a previous analysis.

c) Fitting block-and-bleed systems to isolate and de-pressurize the unselected streams from
the stream being analysed.

d) Enguring that, where analyser design permits, the next sample to be analysed is flowing
thrgough the analyser while a former sample is being analysed (purging).

e) Making the common line from the stream selection system to the analyser as shortfand as
small a diameter as possible.

7.10 Construction
7.10.1| General

The line size(s) of circulation loops can be determined from Afnex C with due regard to the
responge time required. Piping up to and including the first isolation valve shall be|to the
procesp piping specifications.

Fast (main by-pass) circulating loops may be considefed as part of the process system|and as
such, due regard should be paid to the relevant piping specifications where applicable.

For otHer sampling systems it is common practice to meet the process piping specificaltion up
to deviges which will restrict the flow e.g. pressure regulators, restrictors or small bore {fubing.

The nymber of joints in sample lines-should be kept to a minimum. The method of |ointing
should|conform to the relevant piping-specifications.

Sampl¢ lines should be provided with drains and vents as necessary. Piping layoutq which
would ¢reate dead legs shall’'be avoided.

Provisipn should be made for depressurizing and safe disposal of the process fluid on plant or
analyser shutdown.

Liquid phase sampling systems should be heat-traced and insulated as necessary to |ensure
that sammple~flow rates are maintained under all weather conditions.

7.10.2 —Materiatsetection

Sample lines and major components between the take-off filter and analyser shall be selected
to ensure no further contamination of the sample can occur e.g. the use of stainless steel.

Materials for special or corrosive service (e.g. flue gas) should be agreed between supplier
and user.

If special precautions are required for sample lines, i.e. steam tracing and lagging, then care
should be taken to ensure that the material of construction is suitable for these new
conditions. Typical problems which may be considered are Chloride and Sulphide stress
corrosion of stainless steel. Detailed information on these problems may be found in NACE
Standards (see Bibliography).
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Samples where low concentrations of physically or chemically active components are being
measured (e.g. moisture or HS at levels below 100 ppm) require special consideration.

Particular care should be taken in design and in the choice of materials used for sampling
system construction to minimise the effects of adsorption and desorption on surfaces:

a) All internal surfaces should be smooth; generally AISI 316 stainless steel is the preferred
material provided that it is not chemically reactive with a component of the sample stream.

b) Non-metallic components should be avoided unless their chemical or physical properties
are superior and their use agreed with the user.

c) Sample line length and sampling system volume should be kept to a minimum.

d) The temperature of the sample line and all components should generally be kept,cpnstant
and above ambient temperature by heat tracing and lagging.

e) Velocity in the sample line should be as high as practicable.
7.10.3| Flushing facilities

When psing sample flushing facilities, the flushing medium should Jbe ‘injected immgdiately
downsfream of the sampling point. Consideration should be given ‘to additional pdints to
enable[flushing of the system in individual sections.

Block-and-bleed valves shall be provided if there is a risk of gross-contamination.

7.10.4| Blockage removal

Facilities shall be provided for safe removal of blockages on applications where they arg likely
to occlir, e.g. on streams containing catalyst. ln these cases back purging systems| (using
steam [or nitrogen) or specially designed rodding-through type of sample points may be
installgd.

7.10.5| Heat tracing and insulation

Heat tracing may be electric, steamor hot liquid.

Indepepdent isolation and, regulation should be provided for any trace heating required on
analyser systems. In noScircumstances should analyser system trace heating be colnbined
with that for process equipment.

The dgsign shouldvensure a reasonably uniform line temperature throughout the dystem,
withou{ excessive*hot or cold spots.

Insulatjon’should be readily removable for maintenance purposes - insulation blankets|should
be used where sample system components require regular maintenance Preformed indulation
pieces or pre-insulated / traced tubing should be used where possible. Alternatively, sections
of the sample system may be housed in a heated, insulated box. Insulation of hot and cold
surfaces should be taken into consideration for the protection of personnel.

Adequate spacing should be left between sample lines, including insulation and cladding, and
cables or other services.

Each end of a heated line should be marked denoting source of energy supply and, in the
case of steam, the location of condensate trap and blowdown valve.

Insulated lines should not enter sample conditioning cabinets or panels from below to prevent
any leaks or drainings from maintenance work ingressing into the insulation material. Liquid
ingress into traced / insulated lines may cause corrosion of heating element (both steam and
electrical) and under lagging corrosion of sample line may also occur. Once liquid enters a
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covered insulated line, the liquid will accumulate at the lowest point allowing corrosion to take
place over a long period of time.

7.10.6 Minimising risks from leakage

To minimise risks arising from accidental leakages of sampled material, that portion of the
sample system inside an analyser housing should be as simple as possible with the smallest
contained volume and lowest number of joints practicable.

The tubing component of the sample system should be designed to limit the flow of sample
into an analyser house to assist in meeting the requirements laid out in 6.6.2.

All cabjnets containing sampling equipment should be fitted with drain holes and/or ventilation
louvreq. If containing high pressure liquids which vaporize at atmospheric pressure; bursting
discs may be required. Use of electrical equipment inside cabinets may necessitate indreased
ventilation requirements.

7.10.7 | Location of equipment

Installgtion and sample system design should ensure that components likely to fequire
maintepance (e.g. filters, pressure reducing valves, flow meters). are readily accessible from
grade pr permanent platforms and can be removed with the<minimum of dismantling. All
compopents (including mounting brackets) should be accessible from the front - usdally by
means|of a mounting bolt screwed into the backplate.

Ancillafy equipment such as flow meters, valves, etc. should be conveniently grouped as near
as pogsible to the analyser, but only a minimum_of components for satisfactory opferation
should|be located inside the housing.

A set ¢f sample isolating valves should bé&*located externally and adjacent to the hpusing.
They should be easily accessible.

Open fundishes should not be located inside cabinets to prevent escape of any polatile
materigls within the cabinet and\to‘prevent excessive condensation.

7.10.8| Instrumentation

The sgmple stream flowto each analyser and the by-pass stream flow, should be inflicated
locally| Any alarm sensor cabling should be run in such a way that any potential leaks will not
drip onfto signal ¢abling.

Glass fube~variable area flow meters may be used with the approval of the user as local
indicat)rs for low risk service such as clean and non-corrosive samples under conditions of
near-a ! 3 , !

mechanlcally protected For hlgh rlsk service, generally stalnless steel meters should be used
or an alternative approved method (e.g. variable area orifice, turbine meter or dp cell).

The sample pressure and if necessary, the temperature should be indicated at the analyser
inlet. Indication of internal cabinet temperature should also be provided on the outside of any
temperature controlled cabinets.

Consideration should be given to remote shutdown in emergency.

7.10.9 Identification

Sample take-off and return points, isolating valves and sampling lines should be identified and
permanently labeled. Any components featuring on a process P&l diagram should be labeled
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clearly with the relevant tag number. All other components should have a unique identifying
label to aid with reference to maintenance procedures.

7.11 Effluent disposal

7111

General

Flammable and toxic materials should be disposed of in a safe manner and the area
classification re-assessed in accordance with the IEC Publications and IP Electrical Safety

Code.

7.11.2

Vapour

Vapou
an atm
column
contani

effluents, including gaseous sample and service discharges, should be disposs

s, detectors and other systems where back pressure variations®.and/o
ination may have a significant effect on operation should be completelyyindepen

The v

prefergbly not smaller than 10 mm bore.

The tojps of all vent lines should be arranged to prevent €niry of rainwater and,

neces
suscep
vent sh
the low

The us

7.11.3
Liquid

discha
difficul
Dispos

Where

pump associated with.each analyser system or a common sample return system (SR

control

nt line should be sized to comply with manufacturer's limits-'for back pr

d of to

ospheric vent which is independent of any process vent. Vents from chromotograph

back
Hent.

pssure,

where
cularly
. Each

ary, to prevent wind effects on the analyser - safety-purge vents may be part
tible to wind effects due to the very low pressure requirements of such systemg
ould have a water/condensate pot with a drain valve or alternative (e.g. goose nleck) at
est point.
e of flame arrestors should be considered;
Liquid
hydrocarbon samples should. preferably be returned directly to the proc

ged to the plant slops systemi.the method of disposal being dependent on the v
nature (e.g. waxy) of the sample and the quantities involved.

al of hydrocarbon samples to oily water drain should be avoided.

direct return of the sample to the process is required, this may be achieved by ¢

ed pump-out.

stems.shall be provided with:

Aufomatic pump-out

BSS  or
alue or

ither a
5) with

Hig

h and low level alarms

)
)
c) Overflow to a suitable drain (via U-trap or similar seal)
) Atmospheric vent

)

Drain valve

Analysers should be located such that their outlets are at a sufficient elevation in respect to
drain headers. Drain lines from the analysers should be fixed directly to the drain header
without valves.

Drain lines should be of sufficient size to prevent back-pressure on the analyser systems and

should

slope and be vented as necessary to prevent air locks.
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When disposing of materials to drain, care shall be taken to ensure the drain system is
suitable particularly where toxic, flammable, corrosive or waxy fluids are concerned.

7.12 Calibration facilities

The calibration of all analysers has to be proved on a routine basis. A general guide to the
principles and methods used for calibrating and checking process analysers is given in
EEMUA 175.

The frequency of calibration checking depends on the type of analyser, its duty and the
operational importance placed upon its output.

An andlyser check sampling point should be provided for the withdrawal of samples™f@r each
sampling stream. Sampling points should be located outside the analyser housing*and at a
height jof not more than 1,5 m above ground or raised platform. A tundish, or trough, :[ﬂrectly
coupledl to drain via a suitable seal, should be fitted approximately 0,5 m below each liquid
sampling point. Consideration should be given to the change in area classification caysed by
the sampling point.

The apalyser check sampling point should be downstream of “all sample condijtioning
equipmnent and representative of the sample presented to the analyser.

Withdrawal of the check sample should not affect the opefation of the analyser. Theg check
samplg point shall not be used as a process laboratory sample point.

NOTE Laboratory sample points should be completely separate from analyser sample points and $ampling
systems

Facilities should be provided for the introduction of calibration samples into analysefs. For
samplgs which are toxic or potentially explosive containers should be located outs|de the
analyser housing and be permanently pipéd from outside the house. The capacity shguld be
sufficignt for at least 10 calibrations.

Where| necessary, calibration samples should be pressurized to comply with the [normal
analyser sample inlet conditions of pressure and flow rate. Any containers should be |heated
when ysing high-viscosity samples or when using samples that are liable to freeze at gmbient
temperjatures.

Calibrgtion sample containers should be easy to fill, empty and clean. Consideration [should
be given to trapsportable containers which may be removed to the laboratory fgr such
operations.

Calibrgtion*gas cylinders should be installed in racks outside the analyser housipg and
protected.from direct sunlight, and extremes of temperature. A cylinder pressure requ’rator is
usually necesary (approved by cylinder supplier) to supply the analyser with gas under the
required conditions. Cylinders shall be located to allow easy replacement. Access to cylinder
racks shall remain clear at all times in case of an emergency.

Some standard gas mixtures can become non-homogeneous if stored outside of the range
10 °C to 40 °C. Advice should be sought from the gas mixture supplier. Cross contamination
between calibration and process samples shall be avoided. e.g. physical disconnection or the
installation of block and bleed valves.

7.13 Automatic calibration
Under this heading there are two distinct systems:

a) On a time based or manual initiation, a calibration sample is fed to the analyser which will
self-calibrate (e.g. span and zero) and will re-adjust accordingly.
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b)

On a time based or manual initiation, a calibration sample is fed to the analyser and this
result is compared against the calibration medium.

Method a) is a fully automatic calibration and is generally used in remote locations, or where
analyser drift (for whatever reason) is a severe problem. It is usual to incorporate limits that
set off an alarm when re-calibration is outside predetermined parameters.

Method b) is often termed “validation” and its prime purpose is to instill operator confidence in
the analyser. When in the automatic mode there should be alarms to indicate if the analyser
has drifted outside pre-determined limits.

In both_cases adequate facilities shall be provided to:

8

8.1

This cl

8.2

Signal

a)
b)
c)

Prelvent cross contamination of product and calibration medium.

Ens
ang

Ens

An

Ala
Infq

ure that during automatic calibration the plant control system is aware of the op|
any controller transfers to the default action.

ure calibration sample is available at the analyser.
alyser communications

Dverview

huse deals briefly with the signal transmission from{the analyser.

Bignal transmission

data being transmitted from an analyser can'be split in to three different types:

AnTIyser results

rms
rmation flags

eration
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Typically, in basic analysers such as 02, pH, and Conductivity, analyser’s result signals tend
to be 4-20 mA signals with many manufacturers now utilising HART?1 additional serial
protocols to receive information on the analyser’s health. For more complex analysers which
can have multiple results, as well as individual 4-20 mA current loops, digital transmission
should be reviewed as a cost effective alternative. Digital transmission can come in a number
of types, Ethernet (ISO/IEC 8802-3) using OPC2 or Modbus3 protocols, RS485/422, RS232
using Modbus, Foundation Fieldbus4 or proprietary data highways.

The main advantage of using digital transmission is that it is possible to transmit all analyser
data over a single link.

When
using g
would
for mos

When
but tra
multipl
standa

RS232
conver

There are very few manufacturers offering Foundation*Fieldbus data transmission.

Proprie
toward

pe required. The advantages of Ethernet are speed and compatibility to PC\.syst
t analyser applications speed is not normally a problem.

nsmission speeds can be limited to 9 600 Bd. This is not normally-a problem ev

d screened twisted pair cables.

ors should be used.

tary data highway systems are tending, to be used less as manufacturers

ising RS485/422 distance is not normally a problem as distances may be up tq 2 Km,

En with

b analysers on a single system. Such systems are capable, of{being connected using

is only suitable for short transmission distances, for greater distances RS232/485

move

5 open architecture systems. The main\disadvantages to these systems are thpat they

usually require specific cabling which can be\expensive.

8.3 Safety

Particular attention has to be(,paid to the possible hazards associated with | signal
transmjssion. All analysers with~the exception of the loop powered transmitter type |should
have igolated signal outputs: Analysers that are suitable to be used in hazardous areds shall
be clogely inspected to ensure that the cable and gland connections conform to the apalyser
certificption. Analysers\with purge systems should isolate the transmission as well [as the
power |on loss of purge. Analysers made suitable for hazardous area operation by using
purging methods are 'of particular concern e.g. On loss of the purge not only the maing power
has to pe isolated; but also the transmission lines.

1 HART is a trade name of the HART Communications Foundation. This information is given for the convenience

of users of this technical report and does not constitute an endorsement by IEC of the trademark holder or any
of its products. Compliance does not require use of the trade name. Use of the trade name requires permission
of the trade name holder.

OPC is a trade name of the OPC Foundation. This information is given for the convenience of users of this
technical report and does not constitute an endorsement by IEC of the trademark holder or any of its products.
Compliance does not require use of the trade name. Use of the trade name requires permission of the trade
name holder.

Modbus is a trademark of Schneider Automation Inc., registered in the United States of America and other
countries. This information is given for the convenience of users of this technical report and does not constitute
an endorsement by IEC of the trademark holder or any of its products. Compliance does not require use of the
trademark. Use of the trademark requires permission of the trademark holder.

FOUNDATION Fieldbus™ is the trade name of the non-profit consortium “Fieldbus Foundation”. This
information is given for the convenience of users of this technical report and does not constitute an
endorsement by IEC of the trademark holder or any of its products. Compliance does not require use of the
trade name. Use of the trade name requires permission of the trade name holder.
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8.4

Cables

The routing of signal transmission lines shall be carefully considered, particularly inside
analyser houses where segregation between IS signal, non-IS signal and power cables can be

difficul

8.5

t. In case of explosion hazards, refer to IEC 60079-14 for further guidance.

Use of signal

Analyser result signals are typically used for two main purposes, information or control. Any
available diagnostics that an analyser may have should be used to validate the quality of the
result. Environmental analysers are typical of analysers that are used for information
purposes. Special consideration is needed for recording of the data from such analysers, data

acquis

are used for control, consideration should be given to sample system resonance,_ tin

analys

8.6

Individ
and wi

br cycle time to ensure the required control can be achieved.

Alarms

lal analysers are often capable of generating alarms specific_toCtheir own co

to individually wire critical alarms rather than use flags within a digital*link.

plysers
he and

ndition,

h regard to their results. Depending on their criticality, consideration should b¢g given
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Annex A
(informative)

Typical analyser process line sampling probe
for line sizes NPS 2" and above

Direction of f
rection of flow NPS 1,5 in min. (DN40) flange
Bank bore to suit

Direction of flqw-tee stampetd NPS-0;5 ||I'I1'I_('B‘ B \115) pipe
L — i
on the flange T schedule 160 min. |(see Notes 3

\/ and 6)

| !

&/

=] N
. N

| — <
45°
i -
- Minimize length _ | Minimize length -
A (see Notes 1'and 3) (see Notes 1 and 3) ‘
Q\—/ Instrument connection
L 125 in (a2 mm) min. (see Note 1)
to 0,5D.+ 0,5 in (13 mm) max. EC 1864/11

NOTE 1| All materials, flange type, pipe fittings, valves, class rating, branch connection details, instrumenf details,
instrumgnt connection, welding details and heat treatment should comply with relevant piping specificationg.

NOTE 2| The probe should not be installed in-the bottom of process lines to avoid dirt and/or water entrainment in
the sample.

NOTE 3| The contained volume of the.probe should be minimised by limiting the dimensions shown in thle figure.
Where necessary, double valving should be provided. When the liquid sample is vaporised, double extfa strong
pipe and reduced bore valves should be used.

NOTE 4| The flange should be\stamped with the probe tag number and flow direction.

NOTE 5| This probe is Gnly recommended for single-phase process sampling.

NOTE 6| For fast/e0p service, the probe size and if necessary the branch connection, may be increased to meet
loop flow requirements.

NOTE 7| Care-should be taken with the design of the probe to ensure it will not fail due to resonance effec}s.

Figure A.1 — Typical analyser sample probe design
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B.1

Annex B
(informative)

Determination of sample probe lengths

Overview

A probe in flowing fluid is subject to bending in the direction of flow caused by fluid drag and
to vibration at right angles to the flow caused by vortex shedding.

Bendin
velocit
design

For all
Care h

g stress can be calculated from the probe dimensions, probe material propertig
and density. In practice this calculation is not necessary, providedcthe p
bd to accommodate the vortex shedding effect (see B.3.3 and B.3.4 below).

practical designs, the vibration effect due to vortex shedding is;i{he dominant
hs to be taken to ensure the probe is designed to avoid the possibility of failure

resonance effects. If conditions allow the probe to oscillate at its natural frequency, it

liable tp snap off where the tube is welded into the flange.

All sample probes, therefore, shall be examined from this aspect and the length dete
accord|ngly.

Referephce is made to APl Manual of Petroleum:Measurement Standards — Chap

Automatic Sampling of Petroleum Products (ANSIZASTM D4177).

B.2

When
either
vortice
then f

Vortex shedding theory

b fluid flows past a cylindrical projection (sample probe) in a pipeline, vortices
ide of the cylinder. As the fluid velocity and hence Reynolds number increas
5 grow in size, elongate and eventually detach, first from one side of the cyling

phenomenon is called "vortex shedding" and the frequency at which this occurs is cal
"shed frequency".

In devegloping thesewvortices the cylinder experiences drag forces in a direction transv

the flu
periodi
oscilla
oscilla
a maxi

d flow. Since' the alternate vortices are of opposite sign the cylinder is subje
C transyerse force. It has been found experimentally that the cylinder will s

whensthe "shed frequency" equals the natural frequency of the cylinder. A
ions.will continue at velocities beyond the one causing agreement of frequencie

'om the other. As s@on' as one vortex detaches another one is created.

s, fluid
obe is

factor.
due to
will be

rmined

ter 8.2

form at
s, the
er and
This
ed the

erse to
ct to a
tart to
so the
5 up to

Jm’ of twice the initiating velocity. This velocity depends on the mechanical d

hmping

and forincreased damping the range of sensitive velocities becomes very small.

The following derivations assume a constant probe diameter with the probe weight uniformly
distributed along its length. However, some probes may have their weight concentrated near
the end and, in these cases, it is advised that a shorter probe length than that calculated is

used.

It should also be noted that the calculated length of the probe from tip to support is always
longer than the insertion length into the pipe. This will add a factor of safety for bending
stress calculations as the entire length of the probe is not subject to the flowing fluid velocity
but does not influence the vortex shedding calculations.
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B.3 Calculations

B.3.1 Natural frequency

The natural frequency (f,) of a cylinder in hertz (cycles per second = s=1) is given by:

~ A [Elg
fn = Fm 2\ L (B.1)
C

where

E i$ the modulus of elasticity (kgf/cm?);

/ i$ the moment of Inertia about a diameter (cm#);

g i$ the gravitational constant of conversion of kilogram-metre (kgm) to\ kilogram-force

gf) (981 cm/s2);

—

L i$ the length of cylinder (cm);
W, i$ the mass per unit length (kgm/cm);
A i$ the constant for each mode of vibration as per the following,table:
Table B.1 — Vibrational mode constants
Mode No. 1 2 3 4
A 3,52 22,4 61,7 121
F., i$ the virtual mass factor — a constant to-take account of the extra mass of the dylinder

Q.

ue to the fluid surrounding the cylinder'and vibrating with it. For a gas F, = 1, fof water
1nd other liquids F, = 0,9.
For sh

rt probes usually only the firstimode is of any significance.

The foimula therefore becomes:

0,56 [Elg

fo = Fn L? We

(B.2)

Expresfsing probé/diameters in mm and material density in kgm/m3:

A, L
WC = p_\/ = p—p = pAP = ﬂ-[x(do2 —di2)x‘|0_8kg/cm

L L 4

and
i L -
/ :6—4><(dc‘,"—di4):6—4><(d02—di2)><(d§+di2)><10 4cm4

where
Ap is the cross-sectional area of probe (mm?2);
dy is the outside diameter of probe (mm);
o] is the inside diameter of probe (mm).

Expressing probe length, L, also in mm and substituting for / and W_:
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056, | gy (4" ~dif)x(do? +di?)xg 10
S = Fp x=2-%10
12

px X(do? ~di?)x10-8

= Fm x—0’26 x104 Ex%X(doz +di2)
L p 16
438x10% [E
= Xx——— 1/—><(0'02 +d?) (B.3)
| VP

where
E i$ the modulus of elasticity of probe material (kgf/cm?);
yoj i$ the density of probe material (kgm/m3);
dy i$ the outside diameter of probe (mm);
o] i$ the inside diameter of probe (mm);
L i$ the probe length (mm).

B.3.2 Shed frequency

The shed frequency (f;) of a cylinder is given by:

SxWV

fg = ) x1 000 (B.4)
where
%4 i$ the velocity of the fluid relative to the cylinder (m/s);
D i$ the projected depth of'the cylinder in the direction of flow and may be takern as its

diameter (mm);
S i$ the Strouhal number.

The Strouhal numberiis a none dimensional number defined by re-arrangement of Equation
(B.4). It is dependent on the Reynolds number, shape of the cylinder and influence |of end
effects| Classical theory would indicate that the maximum Strouhal number is 0,198 for
cylindelrs but practical values for the type of construction considered here can vary bgetween
0,15 and 0;45. An acceptable number for sample probe applications can be taken as|0,2 as
suggedted’by API chapter 8.2.

By equating these two formulae (B.3) and (B.4) and solving for (L,) the permissible probe
length to ensure the frequency induced by the vortex detachment from the probe does not
exceed the natural frequency of the pocket may be determined from:

E x(dy? +d?) (B.5)
0

2
Ly

_ Fn x4,38xd, x10
SxV

where

L, is the permissible probe length constrained by vortex shedding (mm);
dy is the outside diameter of probe (mm);

o] is the inside diameter of probe (mm);
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%4 is the velocity of fluid (m/s);

E is the modulus of elasticity of probe material (kgf/cm?);

P is the density of probe material (kgm/m3).

Using the following assumptions:

a
b
c
d

as

— ~— ~— ~—

saf

a virtual mass factor of 0,9 which is the worst case, i.e. for liquid;
that the probes are "short" and vibrate in only the first mode;

trouhal number of 0,2;

using maximum design flow velocities (V,,) equating to a minimum of a 20 % factor of

ety o the ftuid-vetocity as suggestedim APt Trapter§;

the formula simplifies to:

The re
10 % |
maxim
capabi

B.3.3
Consid

The fla
the der

The cq
coeffic
and O,
incread
betwed
which
side.

For the

2
Ly

_ 164 xd, \/Ex(doz +di2)
Vim p

Sulting maximum permissible sample probe length using the above assumptions
bss (for liquid applications) and 15 % less (for gas applications) than the the
im. This gives an acceptable factor of safety whilst\maintaining a practical
ity especially when considering retractable probe designs.

Bending stress (probe vertical)

er the probe as a uniform circular sectiontube mounted normal to the flow.

wing pipeline fluid striking the probé-creates a pressure difference AP proporti
sity of the fluid (,0;) and the fluid_velocity squared (V2).

nstant of proportionality is-effectively made up of a multiplier 0,5 and th
ent (Cp). For Reynoldsnumbers above 2 000 up to 200 000, Cp varies betwg
B for a finite cylinder of.length to breadth ratio of 5 but as the length to bread
es the drag coeffigient increases towards that of an infinite cylinder which
n 0,9 and 1,5. Fhe'lower drag coefficient for a finite cylinder is due to end
end to reduce(the’ pressure on the upstream side and increase it on the down

purposes of these calculations the worst case will be used, i.e. a drag coeffiq

1,5 whiich will give an adequate indication of bending stress calculations — even f

slende

fluid ve

(B.6)

will be
pretical
design

pnal to

e drag
en 0,6
h ratio
varies
effects
stream

ient of
br long
at the

Substit

where

ptobes such as those that might be encountered in large diameter pipelines -

loeity Vf

0,50, V?

AP = Cp XL
g

uting for Cp = 1,5

V 2

AP = 7,5><f—f><’]0_3
g

AP s the differential pressure across the probe (kgf/cm?2);

(B.7)
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por is the density of the fluid (kgm/m3);

Vi is the fluid flow velocity (m/s);

g is the gravitational constant of conversion of kilogram-metre (kgm) to kilogram-force
(kgf) (981 cm/s2).

The drag force (F) acting on the probe is the product of this pressure and the area (A)
exposed to the flow and is at right angles to the flow. The force (F) is distributed uniformly
over the whole of the exposed area which can be defined as rLd, where (r) is the decimal
fraction of the exposed length to the total unsupported length of the probe, (d,) is the outside
diameter of the probe and (L) is the unsupported length of the probe.

ending
probe

(B.8)

by the

To caldulate the bending moment about the probe support, the distribuied force can, bg taken
as a ppint load acting at the midpoint of the exposed length (rL) of the probe. The b
momernt (M) about the point of support of the probe due to the action of the fluid-an the
is given by:

V2

M=75x210 g, x (L-0,5rL)x107®

)
where
M i$ the bending moment at probe support (kgf/cm);
dy i$ the outside diameter of probe (mm);
L i$ the unsupported probe length (mm);
r i$ the decimal fraction of exposed section of probe to unsupported length.
The flgw induced bending stress (o) is calgulated as the bending moment divided
section modulus (Z) for the probe.

Substitjuting for M from Equatien’ (B.7) and Z for a tubular section we get:

ag

_M
oz

V2
75x 20 o dy x (L - 0,50L)
o, = g — x1073
d4 - 4
o,ogsgc"E
d O
0 0

[o]

where

o is the flow induced bending stress at probe support (kgf/cm?2);

o] is the inside diameter of probe (mm).

(B.9)

To find the maximum unsupported probe length the bending stress which shall not be
exceeded is the elastic (or proportional) limit of the material (g,). Re-arranging Equation (B.9)
to find Ly we get:

where

11322 | o xdg - )
bf Vi xdg Py xr(1—0,5r)

(B.10)
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Lys is the maximum unsupported probe length for flow induced bending (mm);

o, is the elastic limit of the probe material (kgf/cm?2).

e

To demonstrate that the vortex shedding design criteria dominates over the practical fluid
velocity ranges the L, and L, Equations (B.6) and (B.10) for both vortex shedding and
bending can be compared in a worst case scenario to find at which theoretical maximum
design fluid velocity bending stresses would start to exceed the probe material elastic limit.

The worst case giving the maximum length of probe allowable for bending stress criteria, by
inspection of Equation (B.10), is with the whole of the probe exposed i.e. r = 1 and that the
probe section is in fact solid i.e. d; = 0.

The wqrst case giving the maximum length of probe allowable with vortex shedding critJaria, by
inspecfion of Equation (B.6), is when the internal diameter of the probe becomes‘egual to the
externgl diameter i.e. d; = d,.

Replacing V,, by V; in Equation (B.6) and using the above theoretical extremes with g probe
materigl with a minimum elastic limit of 2 400 kgf/cm?2 (typical of carbén steels), a oung's
modulds E of 2 x 106 kgf/cm? and a density of 7 500 kgm/m3 gives<he following expmples
with whter (1 000 kgm/m3), air at atmospheric pressure (1,29 kgm/m3) and air at 200 bar
(258 kgm/m?3).

Table B.2 — Example calculations for maximum fluid velocity

Maximum probe length Water Air at 1 bara Air at 200 bafa .
Vortex ghedding (L) 61,5xd, 61,5xd, 61,5 xd,
e e e
Bending (L) 248,1%xd, 6,906 x d 488,4 x d
Vs Vs Vs
Vi for L}/L; 21 16 mfs 12,610 m/s 63 m/s

It can |be seen that fluid yelocities exceed normal practical maximum pipeline flow |design
values|well before bendifig:stress equations start to dominate in sample probe desig:t, even
under extreme conditiens! For maximum design flow velocities (V,,,) below those shown in the
table, the vortex shedding calculations limit the probe maximum length.

B.3.4 Bending stress (probe horizontal)

The ablove'calculations can be applied to a horizontally mounted probe but account hag to be
made ¢f\the additional bending stress due to the weight of the probe itself. This will most
significant when the fluid flow is acling in the direclion perpendicular to the weight of the
probe.

The bending moment at the probe support due to weight of material will be:

nidg - d?
M= Pt 3 ')x£x10‘1° (B.11)
g 4 2

where

M is the bending moment at probe support (kgf/cm);
e is the density of the probe material (kgm/m?3);

d is the outside diameter of probe (mm);

(o]
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d; is the inside diameter of probe (mm);
is the unsupported probe length (mm);
g is the gravitational constant of conversion of kilogram-meter (kgm) to kilogram-force

(kgf) (981 cm/s2).

The weight induced bending stress at the probe support due to the weight of the probe
material will be:

2 2
oL x TI(d0 - d, )xé
T = 42 x107 (B.12)
d, —d.
o,ogsg o % 0
d O
0 0 0
where p,, is the weight induced bending stress at probe support (kgf/cm?2).

Assumjng that the probe is designed for vortex shedding we can,dUse the resulting probe
dimendions to calculate the fluid velocity where the elastic limit\of the material will be
exceeded. This can be done by substituting the probe dimensions, material properties and
fluid pfoperties into Equations (B.9) and (B.12). To find the maximum fluid velocity that the
probe ¢an withstand when mounted horizontally we can equate the elastic limit stresq of the
material to the sum of the flow and weight induced stresse€s.

Therefpre and, as before, assuming worst case conditions of a fully exposed solid prpbe for
bendinp (d; = 0), the total combined bending stress at the probe support for a fluid velgcity V;
will be!

2 107
oy = ﬂ[@,oo? xdy x p)+ (390 x pr x V2 )] (B.13)

d¢
where p; is the total bending stress’ at probe support (kgflcm?2).

To solye this equation fornthe maximum allowable velocity the probe length needq to be
known

For a probe designed to the vortex shedding constraint the length of this probe is given by
Equation (B.6),-Using, for this example, a liquid flow with a typical maximum design flJid flow
velocity V|, of\afound 5 m/s and, as before, taking Young's modulus as 2 x 106 kgffcm?2, a
material density of 7 500 kgm/m3 and a worst case of the infinitely thin cylinder (d; = ) this
gives:

L, =275x%d,

Using water (density of 1 000 kgm/m3) as the flowing fluid, substituting for L in Equation
(B.13) and equating ¢; to the material elastic limit g, the fluid velocity at which the combined
bending stress becomes critical, can be found:

Vi = /81,37 -0,0771x d,

This gives a maximum fluid velocity between 8,8 m/s and 9 m/s for probes up to 50 mm
outside diameter.
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Similarly for the air flow examples (density of 1, 29 kgm/m3 at 1 bar absolute and 258 kgm/m?3
at 200 bar absolute) we could have typical maximum design velocities up to 100 m/s at
atmospheric pressure (flare gas flow applications) and up to 30 m/s at high pressure giving
corresponding maximum flow velocities, constrained by the combined bending stress, of
690 m/s and 43 m/s.

In all cases, if the probe length is designed to satisfy the vortex shedding criteria, the
horizontal orientation results in lower maximum tolerable velocity but even so it will not be
subject to failure by bending if fluid flow rates do not exceed their design maximum values.
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cA1

C.A1.1

—43 —

Annex C
(informative)

Sample system calculations

Lag time and pressure drop in sampling lines

Overview

h (see Clause C.4) gives a graphical solution for finding lag time and pressure

below
C.1.2 Pressure drop
2
L
AP =] x—x aid
d 2
Cc.1.3 Flow velocity
for lamjinar flow or turbulent flow
APl 1 2d
V=—"Jdx—xd x V= _AledeE
L] p 64v L p 1
for lamfnar flow or turbulent flow
=84 A is a function of v, d, v and the r¢lative
Re roughness of the pipe.
A practical value for A = 0,032
C.1.4 Lag time
Lag time is the reciprocal.of flow velocity.
CA1.5 Nomenclature
Table C.1 — Nomenclature used in calculations
Symblols Quantity Customary unit To Sl unit Multigly by

AP Pressure drop mbar N/m? 102
L Length m m
d Interior diameter mm m 1073
P Density kg/dm3 kg/m?3 103
v Flow velocity m/s m/s
n Absolute viscosity cP Ns/m? 10°3
v Kinetic viscosity cSt m?/s 106
A friction factor
T Lag time s/m s/m
Q Volume flow m3/h mS/s 2,78 x 1074
Re Reynolds number
NOTE kg/dm® = g/cm?; N/m? = Pa
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Obtain the sample velocity and lag time in a sampling line for the following conditions (see

Figure C.1 below and the Nomograph given in C.4):

nt and

)] AP/L = 33 mbar/m AP/L = 33 mbar/m
p=10,8 kg/dm3 p=0,8 kg/dm3
d = 13,8 mm (1/2 in line pipe schedule d = 13,8 mm (1/2 in line pipe schedule
80) 80)
V=40 cSt V= 10 cSt et 1,0 cSt respectively
1) Start at A for AP/L — 33 mbar/m.
2) Drpaw a straight line through B for p = 0,8 kg/dm3 to C.
3) Frpm C, draw a straight line through D1 for d = 13,8 mm to E.
4) From D2 project vertically for 4) From (D2 project verticglly for
d=13,8 mm to intersect the d=483,8mm to interse¢t the
viscosity line for v= 40 cSt. viscosity line for v=10cSt and v
=1,0 cSt, respectively.
If there is no intersection With the
viscosity line (in the exarlple for
v=1,0cSt), flow is turbul
proceed with 7.
5) From the intersection point withithe 5) From the intersection point with the
viscosity line project horizantally to viscosity line (in the example for
F1. v =10 cSt), project horizontally to
F2.
6) From E draw a straight line through 6) From E draw a straight line [through
F1 and if ¢this line has no F2 and if this line intersects|a value
intersection -Swith a value for for Re > 2 000, flow is turbulent and
Re > 2 000,\draw the line further to proceed with 7.
V1.
7) V1,~0,63 m/s. 7) Start anew from E and [draw a
straight line through A = 0,032 to V2
=2 m/s.
8) Tre :ag time—ts—fourd uppuc;tc the 8) Fe :ay time—ts—found OpPpP ite the
flow velocity and is T = 1,6 s/m. flow velocity and is T = 0,5 s/m.
9) To determine the volume flow start from T1 or T2 and draw a straight line through

d=13,8 mmto Q1 = 0,35 m3/h and Q2 = 1,05 m3/h, respectively.


https://iecnorm.com/api/?name=6c45d7c8bb06149aafe61c5c93ebb733

TR 61831 © IEC:2011(E) - 45 -

C.2

c.21

Component equivalent lengths and pressure drops

Introduction

In order to estimate the sample line pressure drop per unit length (AP/L), for use in the
nomograph solutions of sample velocity and lag time (see Clause C.4), it is necessary to find
an equivalent length of valves and fittings in terms of straight lengths of the sample loop
pipework. This equivalent length is then added to the length of straight pipework and divided
into the pressure drop (AP) available after account of pressure drops due to flow control
valves, regulators, flow meters, changes in elevation, etc., have been made which cannot

readily

To aid
in sam

be given an equivalent length.

this process Table C.2 gives equivalent lengths of valves and fittings common
ple systems and Table C.3 gives guidance on pressure drop allowances| that

made fpr control valves, flow meters, filters, etc.

In com

a) CR
Pip
b) PE

biling this data reference was made to:

ANE, Technical Paper No. 410 M Crane — Flow of Fluids through Valves, Fittin|
S

RRY's Chemical Engineers' Handbook

c) FISHER Emerson Process Control — Control Valve Handbook, Fourth Edition

Use of]

this data is applicable to both gases and liq@ids” and should enable estimate

made within + 20 % of more rigorously calculated values.

When

bpplying to gases care should be takenvto ensure the correct densities are u

each dection of the sample loop, for example upstream and downstream of a pi

correc
upstre

C.2.2

The m

densities and viscosities are used for each section of the sample loop, for e
m and downstream of a heat'exchanger.

regulaaor. Where there are large changesdn fluid temperature, care should be taken to

Equivalent lengths

scheddle 40 pipe with (Class 300 or lower fittings. Table C.2 is based on this speci
using g pipe friction cagefficient of A = 0,032 which is fairly typical of analyser sample sy

Equiva

Jent lengths are given as multiples of pipe internal diameter (d) and are

applicgble to-pipework, valves and fittings of corresponding nominal bores up to 25 mm

y used
can be

gs and

5 to be

sed for
essure
ensure
Kample

bst commonly used \piping specification in sample systems is clean commercial steel

ication
5tems.

Hirectly
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Table C.2 — Equivalent lengths of valves and fittings

Type of valve or fitting

Equivalent length (Leq)

Globe valve Conventional 270 d
Y pattern (45° stem) 115 d
Y pattern (guided disc) 43 d
Angle valve Conventional 120 d
Guided disc 43 d
Gate valve Conventional 6 d
[ Reduced bore 100
Check valve Swing type 80 d
Lift type (wing guided disc) 480 d
Lift type (45°) 43 d
Ball type (in-line) 120 d
Ball type (lift) 270 d
Ball valvg Full bore 3d
Reduced bore 20,d
Plug valvpe Straight way 14 d
(Cock) Three-way flow straight through 24 d
Three-way flow through branch 72 d
Stop cheg¢k valve Globe type 315 d
Angle type (conventional) 160 d
Angle type (45° stem) 275 d
Angle type (@5° guided disc) 43 d
Y pattern (45° stem) 235d
Y pattern (guided disc) 43 d
Standard|elbow 90° 23 d
45° 13d
Standard|tee Flow straight through 15d
Flow through branch 46 d
Mitre bend 90° 46 d
45° 12 d
Radius b¢nd r=1d 15 d
r=15dto4d 10 d
r=5dto6d 13d
r=8dto10d 21d
r=12dto 16 d 28 d
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Table C.2 (continued)

Type of valve or fitting Equivalent length (Leq)
Return bend Close pattern 40 d
r=1d 24 d
r=15dto4d 18 d
r=5dto6d 24 d
r=8dto10d 37 d
r=12dto 16 d 53 d
Sudden[contraction O[T — (0/01)010
(referred to smaller pipe)
Sudden| enlargement 32[1 - (did,)??d
(referred to smaller pipe)
Entry 24d
Exit 32d
Valves|with specified C, 19,400% 5*
(US gallons/min and inside diameter (J) in inches) Txd
v
Valves|with specified C, 28,000 x 5*
(US gallons/min and inside diameter (J) in inches) Txd
v
Valves|with specified Cg C, = Cg/30
(Convert to C, (US))

Equiva”‘ent lengths can be modified to suit.ether pipework, valves and fittings using the
following rules:
a) Usipg Class 400/600 with schedule~80 pipework, or Class 900 with scheduje 120
pipgework, or Class 1 500 with schedule 160 pipework, Table C.2 is directly applicable.
b) Usipng ANSI Class valves and>fittings with pipework of nominal bores or scheduleg other
thap the matched nominal bores and schedules multiply by
(dq/dy)*
where
d4 | is the internatl diameter of actual pipework;
dy | is the nternal diameter of schedule pipework matched to the class of valve of fitting
at its\iominal size.
c) When/the sample loop has more than one pipe diameter all pipework should be refdrred to

ong of'the diameters by multiplying by

(d1/d3)4
where
d, s the internal diameter of the reference pipe;

ds

is the internal diameter of the pipe to be referred to.

In this case the pipe diameter (d4) used in b) above should be the same as the reference
diameter.

d) For tubing and associated compression fittings, equivalent lengths for fittings (elbows,
tees, bends, contractions, enlargements, entries and exits) can be taken from the table
along with those for ball valves. However, it is advisable to use manufacturers' data on C,,

for

estimating equivalent lengths of valves.
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e) Tubing equivalent lengths should be taken to refer to the corresponding o/d tubing internal
diameter.

Cc.23

Pressure drop allowances

In order to assign the pressure drop necessary to calculate AP/L, the pressure drops
associated with flow control valves, flow meters, filters, changes in elevation, etc. shall be
taken away from the overall loop pressure differential available.

To assist in this, Table C.3 gives some pressure drop allowances which can be made in the
absence of manufacturer’s data.

Table C.3 — Sample system component pressure drop allowances

Feature Allowance
Flow corjtrol valve It is recommended that at least 30¢%_ of the total
pressure drop in the system is across this valve.
Variable|area flow meter For correctly sized meters 60ymbar at maximum flow is
typical.
Flow indjcators (ball type) 200 mbar.
Flow indjcators (flapper type) 300 mbar.
Filters Consult manufacturer’s data. For correctly sized filter
100 mbar to. 160 mbar is typical. If a C, value is diven
refer to Table C.2.
Coolers Consultmanufacturer’s data or establish pipe
cornfiguration and refer to Table C.2.
Elevatiop changes For liquids, pressure change due to elevation var|ations
is given by:
APH :Mbar
10,2
where p, is the density of liquid at line conditions
For gases, elevation changes can be ignored.
Velocity changes In most applications velocity head effects are nedligible.
C.24 Large deyiations in friction factor
From g knowledge-of Re the true pipe friction factor can be found (for laminar flow A 5§ 64/Re
and for turbulent flow reference to Moody Charts (e.g. in CRANE's Flow of Fluids Through
Valves| Fittings and Pipes will give A).
If A differs from 0,032 by more than +20 %, then the following can be done to improve the

estimated values:

a) For laminar flow, with the Re below 1 600, the equivalent lengths of the valves and fittings
should be modified by multiplying by 0,032 Re/64. Repeat the estimation.

b) For turbulent flow the following values of A can be used:

Re range A
2 000 to 3 000 0,046
3 000 to 6 000 0,041
6 000 to 10 000 0,037
10 000 to 50 000 0,032
greater than 50 000 0,025
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The equivalent lengths of the valves and fittings should be modified by multiplying by 0,032/A.
Also this value of A should be used in step 7 of the nomograph solution guide (see C.1.6).
Repeat the estimation.

For smooth pipe (e.g. tubing), the pipe friction factor starts to deviate significantly from the
above values at Re's above 15 000. In this case, use the above commercial pipe friction
factors for estimating equivalent lengths in Table C.2 but use the following values of A in the

nomog

Using
Reynol
piping
knowle
velocit
workin

C.3

C.3.1
C.3.1.1

Figure
from a

point to the analyser is not to exceed 6Q's. The lag time from the by-pass filter offtake

analys

Finding
drop a
the foll

raph solution:
Re range A
15 000 to 20 000 0,027
20 000 to 100 000 0,021

the above data in conjunction with the nomograph, an estimatenof* line v
ds number (Re), lag time, etc. can be made from a knowledge of the sample
and the pressure drop available to overcome the friction (osses. Altern

and Re and estimate the pressure drop necessary to overcome the friction log
h through the nomograph in reverse.

Examples of sample system calculations
Example 1

Design basis

fast loop system via a by-pass filtersThe sampling system lag from the process

br via its sample conditioning system is estimated to be 45 s.

the flow velocity, pressure at the by-pass filter offtake and the necessary pi
tross the fast loop flow'regulating valve to meet the maximum lag time requirem
bwing fast loop configuration and process data:

=

elocity,
5ystem
btively,

dge of the required lag time and sample system piping can ke-used to calculate line

ses by

C.1 below shows an analyser system. The analyser requires 1,0 I/min of sampl¢ taken

sample
to the

essure
ent for

1 barg A >
O
7 barg

1 dm®min

IEC 1865/11

Figure C.1 — Sample system configuration
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0,5 m sample probe in 1/2" schedule 160 pipe
1/2" class 600 gate valve

20 m of 1/2" schedule 40 pipe

4 x 90° elbows

1/2" class 300 gate valve

By-pass filter (full bore element)

TR 61831 © IEC:2011(E)

Fast loop section from process to filter offtake

Regule]ting valve
VA floy

1/2" te¢ for analyser sample return

meter

1/2" class 300 gate valve
30m oT 1/2" schedule 40 pipe
3 x 901 elbows

Check valve (lift type)
1/2" class 300 gate valve

Wall entry return to process

= 7,0 barg

Pressu[e at sample point
=1,0 barg

Pressufe at return point
By-pasps filter elevation

Samplg point elevation

Return|point elevation = 9,0.m above grade
Fluid v|scosity ='8,0 cSt
Fluid density = 0,8 kg/dm3

C.3.1.2 Loop-flow velocity

Requirgd lagime from process to filter offftake =60s -45s=15s

Length| 1/2” schedule 160 pipe = 0,5 m

= 1,0 m above grade

= 6,0 m*above grade

Fast loop section returnigg to the proceps

Length 1/2" schedule 40 pipe = 20,0 m
Estimated length of valves and fittings = 0,3 m
15 = 0,5/\/160 + 20,3/\/40

Schedule 160 pipe internal diameter = 11,84 mmo Schedule 40 pipe internal diameter = 15,8

mm
0 2 C
15=_1 Ghsxoh84o +20,3E
Voo 0 E158 0 -
V40 = 1,37 m/s

Loop flow velocity = 1,37 m/s
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Note that the flow through the regulating valve and the VA meter section of the fast loop is
less than flow through the rest of the fast loop by 1,0 I/min. This represents a reduction of 6 %
at a loop velocity of 1,37 m/s. Because this section of the system is short in comparison to the
overall fast loop, the effect on the following calculations is negligible.

C.3.1.3 Pressure at by-pass filter offtake

Find equivalent length of valves and fittings up to and including the filter referred to 1/2"
schedule 40 pipe (unless otherwise stated d = 15,8 mm). Using Table C.2

4
Probe entry loss = 24 d x gﬁ% =0,90m
0o
0,5 m {/2" schedule 160 pipe = 0,5x G285 =1,58 m
Ood O
ms58 cf
1/2" class 600 gate valve =6dx E_H =|0,14 m
d = 1387 mm = schedule 80) d
O f f 4
Sudden enlargement 4 g 15,80
=32U-FT gl xdx322Q =0,23 m
(d = 11,84 mm) 0 0 ’
d 5,88 0 Od O
90° elbows (4 off) =23d x4 =11,45m
1/2" class 300 gate valve =6d =10,10 m
By-passs filter — full bore =15d =10,24 m
treat a$ tee fitting)
Total gquivalent length of valves and fittings =4,64m
(Leq prpcess to filter) =g=====
Flow velocity Vg4 =1,37 m/s
Viscosity = 8,0 cSt
Reynolds number (Re) =(1000x1,37 x15,8)/8,0=2708
For this Re a frictien\factor of A = 0,046 is
more appropriatéand the equivalent lengths
should|be revised.
Revisef Lgy = (4,64 x 0,032) / 0,046 = 3,23 m

Referring to the nomograph in Clause C.4 and using A = 0,046:

Y

project from V = 1,37 m/s through A = 0,046 to E;
project from E through D1 = 15,8 mm to C;
project from C through B = 0,8 kg/dm3 to A;

read AP/L from A.

O T

)
)
)
)

o
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AP/L = 21,5 mbar/m

L= Leq + Length of straight pipe

L=3,23m+20m=23,23m

Hence the pressure drop due to the pipe plus valves and fittings is given by:

AP = 23,23 mbar x 21,5 mbar = 499 mbar = 0,50 bar

Elevatipbn change between sample point at process and the filter is given by:
Probe glevation — filter elevation =6,0m-1,0m =5,0m

From Tjable C.3: APy = (H x 0,8 bar) / 10,2 bar = 0,39 bar

Pressufre at the filter offtake is given by:

Procesps pressure — AP + AP, = 7,0 barg — 0,5 barg + 0,39 barg‘=,6,89 barg
Pressufre at the by-pass filter offtake = 6,89 barg

C.3.1.4 Pressure drop across flow regulator.

Find equivalent length of valves and fittings formcomplete fast loop referred to 1/2" sghedule
40 pipg (unless otherwise stated d — 15,8 mmJ){ Using table C.1:

From gbove valves and fittings =4,64m
up to and including the filter)

1/2" teg =15d =0,24m
1/2" class 300 gate valve =6d =0,10m
90° elbows (3 off) =23dx3 =1,09m
1/2" chieck valve (lift type) =480 d =7,58'm
1/2" C|ISS 300 gate-valve =6d =0,10m
Samplg return gxit loss =32d =0,51m
Total euivalent length of valves and fittings (Leq) =14,26 m

(completefasttoopr——M—/—/—/7/7}7"m™™///}///// //————————— —————=——=—==

Allowing for more appropriate friction factor A = 0,046 (see C.3.1.3 above):
Revised Lgq = 9,92 m

AP/L = 21,5 mbar/m

L= Leq + length of straight pipe

L=9,92+20+30=59,92m
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Hence

the pressure drop due to the pipe plus valves and fittings is given by:

AP = 59,92 mbar x 21,5 mbar = 1 288 mbar = 1,29 bar

Elevation change between the sample point at process and the sample return to process is
given by:

Probe elevation — sample return elevation =6,0 m-9,0 m =-3,0 m

From Table C.3: APy = (-3,0 bar x 0,8 bar) / 10,2bar= -0,24 bar

Pressu

Pressu

Sampl¢ point pressure — AP + AP, — VA meter allowance — sample returfi~pressure

AP, -

\"

Pressu

71,0 bar — 1,29 bar — 0,24 bar — 0,06 bar — 1,0 bar = 4,41 bar

l’e drop allowance due to VA meter = 60 mbar = 0,06 bar

re drop across the flow regulator is given by:

Ire drop across the regulating valve = 4,41 bar

From g knowledge of the required AP, and flow rate,.C, can be calculated to ensure [correct

sizing ¢f the valve.

C.3.2 Example 2

C.3.2.1 Design basis

For thg system described in C.3.1, it is~found that the analyser plus conditioning sys’ga
operat¢ with a minimum AP of 2,5 bar. Finding the maximum fast loop velocity
associated lag time to the by-pass filter offtake.

C.3.2.2 Fast loop velocity

Considering pressure-'drops around the fast loop, the maximum AP due the fas

pipewark, valves and fittings can be estimated by:

AP =S

AP, +
fittings

ample point — VA meter allowance — AP, + AP — sample return

VA/meter allowance = pressure drop required by the analyser (pressure drops

Lokl Lo T =~ N i +ht PRV
arc TTICYyiiyivic o, v varl 11t tiio TAAITTTYITC 7.

From C.3.1.4: APy = 0,24 bar.

AP =7

,0-2,5-0,24 -1,0 = 3,26 bar

From Table C.2 the valves and fittings equivalent length = 14,26 m (see C.3.1.3).

Friction factor is not known so assume A = 0,032.

L= Leq + length of straight pipe

L =14,

26m+20m+30m=64,26 m

m can

nd the

t loop

in tee
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AP/L max = 3,26 bar x 1 000 + 64,26 m = 50,7 mbar/m

Using the nomograph in Clause C.4 with A = 0,032:

a) Project from A = 50,7 mbar/m through B = 0,8 kg/dm3 to C

— 54 —

b) Project from C through D1 =158 mm to E

c) Project vertical from D2 = 15,8 mm to intersect v = 8,0 cSt. From this intersection project

hor

izontal to F

TR 61831 © IEC:2011(E)

d) Project from E through F to Re. If Re > 2 000 flow is turbulent. Start from E again and
project through A = 0,032 to V

e) Read velocity from V

V=24

Check

For thi

Revise

L =61,

AP/L =

Using the nomograph in Clause C.4 with A = 0,041 repeat steps a) to e) above

V=272
Check
Fast lo
C.3.2.3

Referri

1

t = —

2,2

m/s

Re = (1 000 x 2,8 x 15,8) / 8,0 = 5 530

5 Re the appropriate friction factor A = 0,041
d Leq = (14,26 x 0,032) /0,041 =11,13 m
13 m

53,3 mbar/m
5 m/s.

pp velocity = 2,25 m/s

Lag time tofilter

hg to C.3.1.2¢

+20,3C

E

1,84 f C
15,8

Re = 4 448. For this value A,remains at 0,041

Lag time in fast loop = 9,15 s.
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Nomograph for sample time lags

C.4
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Annex D
(informative)

Natural ventilation calculations

The following example illustrated in Figure D.1 is for a single skin steel analyser house with
one distillation analyser. The house dimensions are 1,5 m x 2,0 m x 2,5 m high and the

minimym heat input from analyser and services estimated at 200 W. The ventilation air

exchar|ge rate is required at a minimum of five changes per hour (see IEC 61285).

The obfject of the calculations to size louvres for natural ventilation purposes.is.to ensyre that
a minimum ventilation rate is achieved as called up in IEC 61285. In most circumgtances
ventilation rates will exceed the minimum values.

Referepce is made to:

a) BS|[5925, Code of practice for ventilation principles and desighing for natural ventilaftion

b) KEMP’S Engineering Year Book — Heating, Ventilation and*Air Conditioning

Assumptions that the house is located in a sheltered area and in city terrain are made [to give

worst dase conditions. This gives a house wind pressure coefficient of ACp =0,1.

Fan pnd heater

Wind-induced

Y air flow
>§
S Louvred|vent
¥
~,
7~ )/

—

Fan-assist¢d warm air duct
distribution|with outlets
above lowdr louvres

——

7
~

==

IEC 871/99

Figure D.1 — Schematic showing wind induced free ventilation principles
with worked example ventilation louvre layout and suggested warm air distribution
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D.2 Ventilation louvre sizing

D.2.1 Thermal ventilation

Heat input = fabric losses + air infiltration losses.

H; is the heat input in watts (W);

U is the heat transfer coefficient (overall) for walls (W/m?2 °C);
A i$ the total surface area of house (m2);

Ty i$ the temperature inside house (°C);

T, i$ the temperature outside house (°C);

N i$ the number of air changes per hour;

V  i$ the house volume (m3).

(D.1)

U for |steel under normal exposure with air velocities over surface up to 3 /s, is

5,58 W/m2 °C.

A =20/5m2, V=75m3, Hy =200 W.

Hence [for a minimum ventilation rate of 5 air changes_per hour:
(Ty — Tp) =1,57 °C = AT

Take AT = 1,0 °C for calculation purposest

The vgntilation area can now be_calculated at nominal conditions of house temperafture at

20 °C and 5 air changes per hour(

From Tlable 11, BS 5925:1991:

2x AT xgH
Qp :CdAb\/T

where

Cq i$ the’discharge coefficient for the overall vent orifice = 0,61;
g is the house temperature = 293 °K;

g is the gravitational constant = 9,81 m/s2;

H is the height between upper and lower vents = 1,9 m;

(D.2)

Qp, is the design air flow rate required through the house equal to 5 changes per hour or

0,01042 m3/s;

AT is the temperature difference between inside and outside of the house = 1,0 °C.

Hence

A, = 0,048 m2
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Assume a total of four vents, two each in opposite walls, one upper and one lower in each

wall and all of equal size with areas of A, in m?, then:
1 1 1 1 1
2" 2" 2 " A2 4a2
Ab (Av +Av) (Av +Av) 4Av 4Av
Ap
A, =—=
\ \/E
Hence
Effectiye vent area/louvre = 0,034 m2
D.2.2 Wind ventilation
In this [example consultation of site meteorological data gives a minimumpwind velocity which
is excgeded 90 % of the time by 1,5 m/s whilst for 5 % of the time gusting up to 16 m/s can
occur.
These [are usually mean measured velocities at 10 m height anhd-from this, estimateg of the
wind velocity at the analyser house roof level can be made» For the design purpgses of
meeting the minimum ventilation requirement the minimumJ)wind velocity figure is Used to
calculie required ventilation louvre areas. The maximum<wind velocity will give an indication
of highest wind induced ventilation rates to be expected once the louvres have been siZed.
This cdn be done using data from Table 8 and Equation 5 taken from BS 5925:1991.
i:Kz"" (D.3)
Un
where
U, g the mean wind velocity at.the analyser house roof level,
U,, i$ the mean wind velocity-at a height of 10 m = 1,5 m/s;
K i$ equal to 0,21;
z i$ the height of analyser house at roof level = 2,5 m;
a i$ equal to 0;33for city terrain.
NOTE 1| For lessssheltered locations different values of "K" and "a" can be used if required. Data given irl Table 8
from BS|5925 relates to country and urban/city terrain and is summarised as follows:
- Oper flat country K=068 a=017
— Country with scattered wind breaks K =0,52 a=0,2
— Urban K=0,35 a=0,25
- City K=0,21 a=0,33

Most analyser housings are located in relatively congested areas with high units/buildings (greater than 10 m) in
close proximity and therefore city terrain figures have been chosen as most representative of a typical installation
giving a worst case design scenario. In sites with low building unit/building heights (less than 10 m), urban terrain
figures may be more applicable.

Hence

U,=0,43m/s
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