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Foreword

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

into cargo tanks

1 Scope

This|document is applicable to pressure-vacuum valves and to devices to prevent the pass{
both|protecting cargo tanks, that can be subject to explosive gas/vapour and/or to gas/vapq
or vdcuum beyond the design parameters of the system/tank. It specifies the miniinium r¢
for performance and testing. It also specifies design and in-service performanee!\criteria,
testihg and maintenance requirements. Design or manufacturing in accordance with th
does|not imply suitability for any given installation, it indicates that certain-minimum r¢
have|been considered and that information necessary for determination ¢f'suitability is pra
buyer of the equipment.

The flame test procedures of ISO 16852:2016 are incorporated inthis document.

NOTH Minimum requirements for devices to prevent the pasSage of flame are found in the
Marifime Organization (IMO) “International Convention for the Safety of Life at Sea, as amend
Chapter II-2, Regulation 4, and IMO Maritime Safety Committee(MSC) Circular No. 677 (MSC/Circ.
Standards for the Design, Testing and Locating of Devices toPrevent the Passage of Flame into Cg
Tankers”, as amended.

2 Normative references

The following documents are referred to-in the text in such a way that some or all of t
constitutes requirements of this docuinent. For dated references, only the edition cited
unddted references, the latest editionef the referenced document (including any amendme

ISO 16852:2016, Flame arresters\— Performance requirements, test methods and limits for us

International Maritime Opganization Maritime Safety Committee circular 677 (MSC/Circ. 6
Stanglards for the Design_Testing and Locating of Devices to Prevent the Passage of Flame into
in Tapkers, as amended-by IMO MSC/Circ. 1009 and MSC/Circ. 1324

3 Terms and definitions

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

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

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

3.1
flame arrester

ige of flame,
ur pressure
Pquirements
operational
s document
pquirements
vided to the

International
ed” (SOLAS),
77), “Revised
rgo Tanks in

heir content
applies. For
hts) applies.

e

77), Revised
Cargo Tanks

ddresses:

device fitted to the opening of an enclosure, or to the connecting pipe work of a system of enclosures,

and whose intended function is to allow flow but to prevent the transmission of flame
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dual nozzle valve
pressure relief valve that features two high velocity vents with different opening settings integrated
into one valve, the flow characteristics of which can be of one or more of the designs full opening valve
(3.3), modulating valve (3.7) or transition point valve (3.11)

3.3

full opening valve
design that opens fully at maximum 2 % above the set pressure

3.4

high veloci
pressure re
against the

3.5
maximum ¢
MESG
maximum g

Note 1 to ent

3.6

maximum i
largest pres
flow capacit

3.7
modulating
design that

3.8

pressure-vacuum valve

device to re
designated
parameters

39

standard conditions

dry air at 2§

3.10
third party

organizatiof independent from the manufacturer and user, that is qualified to perform or witnes

tests and in

3.11

L. 'y 1

—_y VUIIL VAdIvVU

lief valve designed always to have efflux velocities that prevent the flame propag
low direction

pxperimental safe gap

hp of a joint of 25 mm in width which prevents any transmission of anl explosion during

Fy: ISO/IEC 80079-20-1 specifies the test apparatus and the test methéd.

ntended pressure drop
sure drop generated over a device for which the test laboratory verifies the correspor]

y

valve
bpens proportionally with rise in pressure

lieve the pressure or vacuum farmed inside the cargo tanks by opening the valves 3
setting value to protect the tank from over-pressure or vacuum exceeding the d
of the tanks

8,15 K (15,00 °C;-59;00 °F) and 101,325 kPa

inspectioirbody

bpections

htion

tests

1ding

t the
bsign

s the

transition point valve
design where the valve characteristics change from modulating to full opening at a particular pressure

3.12

verified drawing
drawing certified to be authentic and complete by the third party inspection body (3.10) issuing the

testreport

3.13

verified flow chart
pressure versus flow volume presented in a chart certified by the third party inspection body (3.10)
issuing the test report

© ISO 2021 - All rights reserved
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4 Symbols and abbreviated terms

pipe inner diameter at device connection

minimum inner diameter of the piping between the device and the tank allowed for non-os-
cillating performance

maximum length of the piping between the device and the tank allowed for non-oscillating
performance

pipe length between the test tank and the device for flow testing

closipg
closihgl

closihg?2

QZ-fov
Ql-m\
QZ-mv

Ql-tp )

pipe length between the test tank and the device during non-oscillation testing

value of inlet pressure at which the valve disk re-establishes contact with the seat or at which
lift becomes zero, when the valve is closing and pressure is decreasifig

value of inlet pressure at which the valve disk re-establishes contactwith the seat or at which
lift becomes zero, when the main valve is closing and pressure is decreasing

value of inlet pressure at which the valve disk re-establishés contact with the seat or at which
lift becomes zero, when the extra valve is closing and/pressure is decreasing

maximum pressure corresponding to the maximtun flow volume (Q5)
gauge pressure at the device inlet at which the'valve is designed to start opening
gauge pressure at the device inlet at which the main valve is designed to start qpening
gauge pressure at the device inlet atwhich the extra valve is designed to start ¢pening
pressure at which a transition peint valve changes from modulating to full opehing
flow volume needed to opena full opening valve

flow volume needed:tg-open the second nozzle

flow volume needéd for a valve to remain fully open

flow volumedieeded to maintain a full opening valve fully open at P,
flow yolume needed to open a modulating valve

flow volume needed to maintain a modulating valve fully open

flow volume at which a transition point valve changes from modulating to full ¢pening

QZ-tpv
Q3
chose

QZ total

Q3 total
V

min

£] 1 dod & Jatol £ 343 3ot ] £..11 £ D
ITUVV VUIUILIT TITTUTU LU I1idllitadalll d L1 dllSIUIULL l)UlllL vdalivcoc 1uu_y UlJCll dal I 1'tpV
flow volume corresponding to the maximum intended pressure drop over the device

minimum flow required to keep the valve partially open with no contact between the disc
and the seat

flow volume needed to maintain the main and extra valves fully open at Py 4
flow volume corresponding to the maximum intended pressure drop over the dual nozzle valve

minimum volume of the tank allowed for non-oscillating performance

© IS0 2021 - All rights reserved 3
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5 Materials

5.1 The device housing, and other parts or bolting used for pressure retention, shall be constructed of
materials suitable for the intended service and listed in a recognized national standard or International
Standard. Housings, discs, spindles, seats, springs, gaskets, seals, flame arresters (when included in the
design) and all other integral parts, including parts with coatings to prevent corrosion, shall be resistant
to attack by sea water and the liquids and vapours contained in the tank being protected (see Annex D for
guidance on the material selection). Springs plated with corrosion resistant material are not acceptable.

5.2 Non-metallic materials, other than gaskets, seals and diaphragms as allowed by 6.11, shall not be

used in the

only if the (
are worn do
combustible

5.3 Thep
for addition

5.4 The v

ONSTITUCTION Of PIesSSUre Tetaining cCOMpONents of the device. Resiiient seals may be s
evice is still capable of effectively performing its flame arresting function when the
wn, partially or completely damaged or burned. Non-metallic gaskets shall be made”of]
material and suitable for the service intended.

pssibility of galvanic corrosion shall be considered in the selection of matérials (see Anj
hl considerations on corrosion protection).

erified drawings shall include a complete bill of materials showing conformity with

subclause and any other material requirements listed in Clause 6.

6 Other

requirements

6.1 The maximum gas leakage rate shall be provided ahd expressed as the volume in stan

conditions t
Maximum ldg

6.2 Housi
minimum p
conditions. |

6.3 Wherg
welding and
Standards.
qualified acg

Alternative

6.4 Press

hat can leak from the valve at 75 % of the nominal setting as determined by the manufac
akage rates are given in Annex J.

Fessures and temperatures to whick’ the device may be exposed under normal oper
‘lat surfaces of flanges shall be mac¢hined to provide for adequate joint integrity.

e welded construction is used for pressure retaining components, welded joint design d¢
non-destructive testing shall be in accordance with national standards or Internat
Velding procedures.should be in accordance with the ISO 15607 series. Welders shou
ording to the ISQ.9606 series. Non-destructive testing should comply with ISO 5817.

equivalent natienal standards or International Standards may be used.

e-vacuum valves shall be designed, such that condensed vapour and water in the pres

r
retaining Z(;Le driain from the device into the tank and do not impair the efficiency of the device

design shall

alsosprevent the accumulation of water inside the device and subsequent blockage d

alled
seals
non-

=

this

dard
urer.

hgs, elements, and seal gasket materials shall be capable of withstanding the maximunp and

ating

tails,
ional
[d be

sure-
The
le to

freezing. Th

6.5 Allfas

h dncign shall prnvnnf pnr‘ln:nfc of wateror prndut‘t from arrumu]afing

teners essential to the operation of the device shall be protected against loosening.

6.6 Devices shall be designed and constructed to minimize the effect of fouling under normal operating
conditions.

6.7 Devices shall be capable of operating over the full range of ambient air temperatures anticipated
and in freezing conditions, provided that the check-lift is operated to break the ice layer. If a heating
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arrangement is applied, the surface temperature developed may not exceed the maximum design
temperature.

Where a valve is intended to be fitted in a ship that will be operated in climate conditions that might
hamper its operation, e.g. seawater icing, the instruction manual shall contain appropriate information
to ensure continued operation.

6.8 End-of-line devices are required to direct the efflux vertically upward. Further, for high velocity
vent valves, the minimum average velocity of efflux through a cross section of the valve’s outlet to

atmosphere shall not be less than 30 m/s for all flow rates.

6.9

elem|
of th
such

aforg
inspd

6.10
ensu

NOTH
propq

Valv
the ¥
perfq
carri

Valvsg

If ho

clear
valve

6.11
unre

the Vi

6.12

A manual means (e.g. check-lift) shall be provided to verify that any valve disc and o
ents lift freely and fully and do not remain in the open position. The manual means §
e valve assembly and be operated without the need to add or remove parts. The deg
that the device is verified not to be inoperable due to corrosion, residue build-up or icii
mentioned manual means is used in combination with the manufacturer’s Fequiremer
ction.

Valve discs and other moving parts shall be guided by a suitable'méans to prevent bil
e proper self-closing (seating), taking into account the possiblechuild-up of condensed

Maintenance in accordance with the manufacturer’s requirements is normally necess3
b1 valve operation.

e discs and other moving parts shall close against the valve seat by metal to metal cor
alve closes against a metal seat and a resilientcseal is added to reduce gas leakage
rmance in terms of flow shall not be affected if the seal is destroyed, damaged or 1§
ed away.

e discs may be solid or made hollow so thab weight material can be added to vary the lifti
low discs are employed, a watertight-bolted cover shall be fitted to encase the weigh
indication, visible from the outside-of the valve, shall be employed to indicate the po|
disc(s). The indicator shall be visible from below and from the side of the valve at dec

Valves may be actuated )by non-metallic diaphragms except where failure wou

alve normally releases.

suitabple means toprevent devices from becoming misadjusted due to handling, installation,

6.13
cond

The.design shall be such that the device can be examined for any build-up of residue d
|ensation. For certain cargoes that solidify, heating arrangements may be necessary.

kher moving
hall be part
ign shall be
g, when the
ts for visual

nding and to
vapours.

Iry to ensure

tact. Where
the valve’s
s otherwise

ng pressure.
F material. A
sition of the
K level.

d result in

stricted flow of tank vapeurs to the atmosphere or in an increase in the pressure or vacuum at which

Relief pressufe adjusting mechanisms shall be permanently secured by lockwire, locknjuts, or other

pr vibration.

e to vapour

6.14 Devices shall not be bypassed or blocked open unless they are tested in the bypassed or blocked
open position in accordance with Annex C.

6.15 Flame arrester elements shall fit in the housing in such a way that flame cannot pass between the
element and the housing.

6.16 Resilient seals shall be installed only if their design is such that if the seals are partially or
completely damaged or burned, the device is still capable of effectively preventing the passage of flame.

6.17 Devices shall allow for efficient drainage of moisture without impairing their efficiency to prevent
the passage of flame.
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6.18 The casing and element and gasket materials shall be capable of withstanding the highest
pressure and temperature to which the device may be exposed under both normal and specified fire test

conditions.

6.19 Detonation arresters shall be able to withstand, without damage or permanent deformation, the
internal pressure resulting from detonation when tested in accordance with Annex C.

6.20 Flame

arresting elements shall be:

1) designed in such a manner that they cannot be inserted improperly in the opening;

2) securely
3) protect
6.21 Meang

designed in
The offset o]

7 Typet

7.1 Type

laboratory g
have access
Alternativel
the tests arg
accordance

Note Fq
the ship oper]

7.2 Oneo
change of m
change of m
a change of
testing. For
to the small
clearances ¢
later date, s
party insped
by the third

Devices shd

 fitted in openings so that flames cannot circumvent the screen;

bd against mechanical damage.

to offset the opening of a pressure or vacuum valve beyond the set,pressure shg

bening pressure shall be verified and clearly marked.

ests

fests shall be conducted by a laboratory acceptable to althird party inspection bodyj
hall be qualified to conduct the tests provided for by this document and shall have (or
to) the apparatus, facilities, personnel and calibrated instruments necessary for the
, the tests provided for by this document maybe conducted by the manufacturer Y
witnessed by a third party inspection body who can certify that the tests are conduct]
ith this document.

r certain tankers, the Laboratory must be<aeceptable to the Administration under whose aut}
ates and/or a valve is intended to be fitted-.

f each model device and each size shall be tested in accordance with Clauses 7, 8 and
hterial or coating system that.iegatively affects the corrosion resistance shall be conside]
pbdel for the purpose of this paragraph. A change of design or construction shall be consig
model for the purpose.of+this paragraph. Each size of each model shall be submitted for
end-of-line deflagration flame arresters of the same design series, testing may be lig
est and the largestisizes. Devices should have the same dimensions and most unfavou
xpected in the/production model. If a device is modified during the test programme, o
ich that the‘tunctions of the valve or its performance characteristics are affected, the
tion body-shall be informed. An appropriate test related to the modified part may be req
party inspéction body.

Il-be tested in accordance with 7Z.2.1 and 7Z.2.2 and thereafter shown to meet the

1l be

h failsafe manner and shall not prevent any required inspection procedures+to be carried out.

The
shall
tests.
wvhen
ed in

ority

9. A
red a
ered
type
nited
rable
Fata
third
hired

test

requiremen

saf Annex C as annranriate
= rr r

7.2.1 A corrosion test shall be conducted. In this test, a complete device shall be exposed to a 5 %
sodium chloride solution spray at a temperature of 25 °C (77 °F) for a period of 240 h, and allowed to
dry for 48 h. Following this exposure, all movable parts shall operate properly and there shall be no
corrosion deposits that cannot be washed off.

7.2.2 The pressure retaining boundary of the device shall be subjected to a hydrostatic pressure test
of at least 150 % of maximum rated pressure or a minimum pressure of 345 kPa gauge (50 psigl),
whichever is greater, for 10 min without rupturing, leaking, or showing permanent distortion. For the

purposes of

this test, the disc may be gagged or blocked.

1) 1 psig=1Ibf/inZ gauge.

6
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7.2.3 Performance characteristics as declared by the manufacturer, such as flow rates under both
positive and negative pressure, operating sensitivity, working stability for dual nozzle valve, leakage,
flow resistance and velocity, shall be verified by laboratory tests.

7.2.4 An external ice test shall be conducted for pressure-vacuum valves to verify the allowable
accumulation of an external layer of ice at which the valve check-lift will still operate. In this test, a
complete device shall be exposed to a temperature of -10 °C (14 °F) for a period of 24 h. Following this
initial exposure, 1 1 (1,7 pints) of water at no more than 2 °C (35,6 °F) shall be sprayed every 10 min
on to the outside of the valve until the specified ice thickness is achieved. After achieving the specified
thickness, proper operation of the valve check-lift shall be verified. The maximum ice thickness at which
the valve check-lift will operate properly shall he noted in the instruction manual (see Clause 11).

7.2.5 Devices to prevent the passage of flame shall also be tested for flame transmission according to
ISO 16852:2016 (see Annex C).

7.3 | A test report with documentation for each prototype test shall be prepared by th¢ laboratory.
Fur%er to the requirements given in ISO/IEC 17025:2017, 7.8, the test-report shall as p minimum,
include:

— types of test conducted, and results obtained with such recorded data to allow verifi¢ation of the
lests. Where detonation arresters are tested, this informatiofishall include the maximum pressures
and velocities observed in the test;

— 3ssessment of the mechanical design requirements in-accordance with Clause 5 and 6;
— drawings of the test rig, including a description of the inlet and outlet piping attachmets;
an instruction manual;

— detailed drawings of the device;

— gpecific advice on approved attachnients;

— {ypes of cargo for which the device is approved;

— in the case of high velocity vents, the pressures at which the device opens and closes and the efflux
yelocity;

— all the information ‘marked on the device in accordance with Clause 12.

8 Flow and.velocity tests

8.1 | Determination of capacity

The ¢apdcity of the device shall be established by flow testing of at least one production mqgdel of every
type and size of venting device, under the conditions specified in 8.2 to 8.4.

Where a pressure or vacuum valve is used with a flame arrester, the capacity of the overall assembly is
different than the capacity of a standalone valve. The capacity test shall be conducted on the combined
assembly.

Capacity measurements for flame arresters in accordance with ISO 16852 is also acceptable.

8.2 Capacity data
The following requirements shall be met when establishing capacity data:

a) the pipes, as well as the connections between the pipes and the device, shall be without obstructions
causing additional turbulence;

© IS0 2021 - All rights reserved 7
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b) the inner diameter of the test pipe shall be of the same or larger diameter than the connection
flange of the device being tested;

c) all pressure measuring points shall be arranged normal to the pipe axis and shall not influence
the flow;

d) the test medium shall be air at ambient conditions; ambient pressure and temperature shall be
recorded to convert flow rate to standard conditions;

e) all measuring instruments shall be calibrated.

8.3 Test apparatus

The test app
mean flow V|
conditions.

The test pip
The tank pe|
the penetra

to provide uniform pressure drop influence.

Vacuum valj

CAUTION —+
the fan winigs are not aligned or damaged. This should be avoided.

8.4 Flow

aratus is shown in Figure 1. The dimensions of the tank (key 3) shall be sufficientto-al
elocity of less than 0,5 m/s in the tank. All tank pressure data shall be recorded under {

p L, shall have alength of no more than 5D and alength no less than 1,5D of the test speci
netration should be at a location of the tank where it is essentially flat and the roundi
fion shall be in accordance with a recognized national standard orInternational Stan

es shall have the flow direction reversed.

It should be observed that the blower or fan may:cause oscillation in the systg

measurements

8.4.1 Flovy
setting for t

NOTE

Ifthe setting can be changed withoutmaking any changes to the form and shape of the valve ho

' measurements for pressure-vacuum valves shall be made using the lowest and hi
e specific model. Flow charts for in-between settings may be interpolated.

and the physdical appearance of any component (€.g. by changing the magnet power, spring compression,
this does not|constitute a change of model. The spring wire diameter needs not be taken into consideration

8.4.2 Thepressure at which the valve opens shall be established using a flow rate resulting in a pre
rise no greater than 0,01 N/mm?/min (10 kPa/min or 0,2953 in Hg). The set-pressure is designat
P, and shalll be within +3 %"of the calculated set-pressure expressed as the correlation betwee
closing forcg and the area gf'the disc against which tank pressure is projected.

Note Fq
negative tole

r certain_ tankers, there can be a specified minimum opening pressure that does not allo
Fances inoperation.

ow a
hese

men.
g of
dard

bm if

thest

using
etc.),

bsure
bd as
h the

w for

bd in

8.4.3 Depending on the device type, the flow measurement shall consist of the steps descrlb

nasy C for oo ascamnlac of flocy; diageaac rhigh valocity vante Ay

Annex B. Se
of the measuring periods in accordance with Annex B, the average velocity of air through a cross se
of the valve’s outlet to atmosphere shall be recorded.

A Ing o d
CTOmmC Ao TOT COTT CS P Ui S CATTI I PTC S~ UT THOW IO gTaiTtoy T UT g veTOUTTTy - veITeS, ot “‘6

NOTE Manufacturers can choose to provide information regarding the dispersion of the discharged ga

each
ction

S.

8.4.4 Flow graphs shall be drawn showing the readings from the steps specified in Annex B. Annex G

provides examples of appropriate formats of flow graphs.
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8.4.5 Flow testing shall be conducted adhering to the test rig provided in Figure 1. All instrumentation
shall be calibrated and have an uncertainty of no more than +5 %.

1 2 3
Key
1 Blower or fan
2 flow meter
3 fank
4 ressure measurement
5 iressure-vacuum valve
L1 length of connection pipe
NOTH Blower or fan flow is reversible depending on pressure or vacuum test.
Figure 1:— Flow test rig
9 Undamped oscillation tests
High| velocity vents, including dual nozzle valves, shall be tested for undamped oscillatig

appajratus is shown in Figure-2.-All instrumentation shall be calibrated.

This
mod
high
not H

Ifad
pres

The

I 5
!
J/<\\\\
== _\\ %l =
<= PT

)

C

=
1

test shall be carried-out with the lowest and the highest opening setting available for th
], without a change-of setting constituting a modification as mentioned in the note in
st opening setting does not exceed 130 % of the lowest opening setting, the highest s
e tested.

losing pressure value is established to be satisfactory, valves of the same model wit]
sure but-the same closing pressure needs not be tested.

ns. The test

e particular
8.4.1. If the
btting needs

h higher set

lenngth and inner diameter of the pipe and the volume of the tank shall be requg

sted by the

manufacturer.

The tests shall be carried out for 3 min each at 10 about-equally spaced flow rates starting at 0,2Q

and

using this rate as the step width (maximum flow in this test: 2Q,se)-

close

Some valve designs perform open/close cycles that cause periodic changes on the flowmeter reading
(Figure 2). In these cases, the average flow recorded in the 3 min span shall reflect the step-value in
question.

If the disc location sensor indicates contact with either seat or upper stops with a frequency of more
than 0,5 Hz, the pipe length, L,, shall be shortened until this value is not exceeded. That length shall be

recorded as L

max and the diameter of the piping as D,

© IS0 2021 - All rights reserved
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The use shall be limited to pipe length on the protected side not exceeding L, ,, and the diameter shall
not be less than D ;,,, while the minimum pre-volume available at any time in the tank protected (ullage
space) shall not be less than V.

For modulating valves, where there is no flow volume at the closing pressure, the first step shall start at
10 % of the flow volume, at which the valve is fully open.

5

1 2 \_®/;2
|/ 4
-

Key

1 blower dr fan 5 high velocity vent valye
2 flow meter 6  pressure sensor

3  tank L, length of ventpipé

4  pressurg measuring device

Figure 2 — Test rig for undamped oscillations

10 Produltion control and inspections

The manufdcturer shall afford the purchaser’s’representative all reasonable facilities necessary to
satisfy himher that the material is being furnished in accordance with this document. Inspectigon by
the purchaser shall not interfere unnecéssarily with the manufacturer’s operations. All examinations
and inspections shall be made at the place of manufacture, unless otherwise, agreed upon.

Each finishgd device shall be visually and dimensionally checked to ensure that the device complies
with this dgcument, includingtwith the specification information recommended in Annex F and the
markings slecified in Clausen12. Special attention shall be given to the adequacy of welds angl the
proper fit-up of joints.

Each finishdd devicesshall be tested using air to verify that the leakage is below the maximum legkage
rate specifigd according to 6.1.

The set pregsure(s) of each finished device shall be tested with air and recorded.

11 Documentation

11.1 General

An instruction manual shall be provided. The instruction manual shall include the items described in
Table 1 and in 11.2.

The manufacturer shall supply a copy of the instruction manual, that shall be kept on board.

10 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=6fdf41749cf0f4cec2ade88c89b47b60

ISO 15364:2021(E)

Table 1 — Product data to be included in the instruction manual

Specification
information

Purpose

A. Data location
B. Description of test data/ applica-
tion note

1. Inner pipe diameter,
configuration of piping,

Compliance with design parameters for
tank pressure limits, and for high veloc-

A: Type testing certificate.

B: For high velocity vents: test records

ipe | h i li ith -h - ay )
and pipe lengt ¥ty Vents: comprance with non-hammer indicating piping limitations for safe,
ing conditions. (See Annex 1.) .
non-hammering performance [D,;,,
Lmax' Vmin]'
2. Maximum gas density |Compliance with design parameters for |B: Convertto standard conditions.

consjidered

tank pressure limits.

3. Lgwest MESG

Suitability for the application.

A: Type testing certificate.
B: The lowest MESG

4. Sef opening points for
prespure and vacuum

Suitability for the application.

A: Type testing certificate.

B: The upper'and lower value$ applied
during flow testing shall not e exceeded.

5. Maximum pressure
drop

Compliance with design parameters for
tank pressure limits and the selected
opening setting of the device. In the case
of transition point valves, the minimum
pressure drop value to be used for pres-
sure drop calculations is Py, according
to Annex G, while the value relevantfor
a full-opening valve is P ;. 0FHigher
depending on the required flow'rate
according to Annex F.

A: Verified flow charts.

B: The flow chart format shal] show the
maximum pressure drop ovey the valve
for any flow volume. This valye is essen-
tial for pressure drop calculations.

5a. Pressure drop at max-
imurn flow

Compliance with designiparameters for
tank pressure limits @nd the select-

ed opening setting.of the device. (See
Annex K.

A: Verified flow charts.

B: The flow chart shall show the pressure
drop over the device at the maximum
required flow rate to be estahlished.

6. MInimum reseating
presgure

Suitability for the application with
regardteiminimizing the loss of cargo
vapoeur./(See Annex H.)

A: Verified flow charts.

B: The flow chart format shall indicate the

reseating pressure.

7. M3aximum and mini-
mun) ambient tempera-
ture

Suitability for the application.

A: Instruction manual.

B: The manufacturer’s recommendations
shall not be exceeded.

8. M
tion

hterials of censStruc-

Suitability for the application.

A: Verified drawing.

B: The combination of materials chosen
may not have lower corrosion resistance
than the version tested. The drawing
shall include a bill of materialls in accord-

ance with Clause 5.

9. Surface treatment and
coating

Suitability for the application.

A: Instruction manual.

B: The surface treatment and coating, if
any, shall be decided by the buyer with
due consideration to Annex E.

10. Maximum gas flow
in standard conditions,
pressure drop of the
piping system, and maxi-
mum tank pressure

Suitability for the application and com-
pliance with design parameters for tank
pressure limits, alarms, liquid-filled
breakers, filling limitations for high
density cargoes.

A: Verified flow chart.

B: The maximum tank pressure allowed
in normal operations less an appropriate
fouling factor and margin for alarm and
breaker settings, etc., shall not be exceed-
ed when calculating the combined pres-
sure caused by the valve and the pressure
drop over the piping system.

© IS0 2021 - All rights reserved
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Table 1 (continued)

Specif

ication

information

Purpose

A. Data location

B. Description of test data/ applica-

tion note

11. Maximum outer ice
layer thickness for check-
lift operation

Suitability for the application.

A. Type testing certificate.

B. Due consideration shall be given to
vessel service conditions and facilitie
available for on-deck de-icing before
cargo operations and during voyage.

S

12. For high velocity

Suitability for the application.

A: Recorded in test report.

age velocity
cross sectior
outlet to atm

vents: the minimum aver-

required for
of the valve’s
osphere

B: The ability to disperse gas aboye'dg
relates to the velocity through tle etol
section of the valve’s outlet to'atmosp

ck
SS
here.

13. Maximun
rate

h air leakage

Suitability for the application.

A: Instruction manual.

B: The verified productdata shall sta

the maximum leakage rate expressed|in
air of a new valveat 75 % of the nomipal
setting. The leakage rate is expected to
increase epver'time.
14. Warning|regarding Suitability for the application. A warning to the operator shall be in the
accumulatioh of ice instruction manual, noting that signifi-
cantice accumulation may prevent prjoper
operation of the valve.
15. Use of repilient seals, |Suitability for the application A: Instruction manual.
where emplgyed B: Inspection and maintenance of in-
stalled resilient seals.
11.2 Installation instructions
The following shall be provided.
a) Operatipg instructions, including<any service restrictions imposed for safe functioning of the
device (see Annex A).
b) Maintenance requirements;‘including information on maintenance of any corrosion prevention
system [see Annex E).
c) Instructions on when-cleaning is required due to the inside build-up of residue. The instrugtion
manual|shall also.déscribe the method for cleaning using a diagram.

d) Verified
and re-
The des

hssembling for inspection, cleaning, repair or removal of internal elements for replace

expleded view drawings with indication for each componentas to the order ofdisassem?ling
igh/shall not allow the device to be incorrectly reassembled following inspection, clegning

ent.

or repair, be it due to wrong order of parts or missing parts. Information on sizes for all components
shall be included on the drawings to ensure that the specified gas-tightness is achieved, and for the
device to be restored to the original, as-purchased condition and for valves also with regard to set

pressure and flow rate.

e) Full work descriptions, including drawings, on how replacement of wearing parts is achieved in-
service without removing the device.

f) Instructions for the user to check valve lift prior to each cargo loading and cargo unloading

operation in order to

1) verify unobstructed movement of the moving parts, and

2) ensure that fouling conditions are controlled to establish safe operation and full capacity.

12

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=6fdf41749cf0f4cec2ade88c89b47b60

ISO 15364:2021(E)

A diagram shall be included, showing the parts either moved or cleared when the
operated.

check-lift is

g) The testreports.

h) Diagrams showing the weight of all parts over 10 kg (22 1b) that need be dismounted for inspection,
cleaning and replacement of wearing parts, so that precautions for crane support can be allocated,
if necessary, and appropriate working schedules are prepared.

12 Marking

Each|device shall be permanently marked, or have a permanently fixed tag made of stainess steel or

other corrosion-resistant material, indicating the following:

a) 1anufacturer’s name or trademark;

b) §tyle, type, model or other manufacturer’s designation for the device,{that shall foifm a unique
identification of the device;

c) ¢ize of the inlet (and outlet, if applicable);

d) gerial number;

e) dlirection of flow through the device;

f) testlaboratory and report number(s);

g) pressure and vacuum setting;

h) areference to this document, i.e. ISO 15364;

i) approved location for installation, including maximum or minimum length of pipe, if any, between
tthe device and the atmosphere;

j)  the minimum MESG valve that the'device is approved for (only for devices to prevent|the passage
];f flame);

k) if an inert gas system is reguired.

If the set-pressure is changed, the marking shall be updated accordingly.

13 Quality assurance

a)

b)

Devices+shall be designed, manufactured and tested in a manner that ensures th¢
¢haragteristics of the prototype tested in accordance with this document. No

by meet the
changes or

Ilnodifications are allowed without adhering to 7.2.

The device manufacturer shall maintain the quality of the devices that are designed, tested and

marked in accordance with this document. At no time shall a device be delivered with th
designation that does not meet the requirements herein.

© IS0 2021 - All rights reserved
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Annex A
(informative)

Installation requirements for ships subject to the
nternational Convention for the Safety of Life at Sea,
as amended (SOLAS)

A.1 Gene

The Internd
Regulation
systems on

ral

itional Convention for the Safety of Life at Sea, as amended (SOLAS); Chapter
4, provides requirements for the arrangement and installation of cargo tank ve
board ships.

A.2 Examination of cargo tank pressure-vacuum valves on board ships

The latest a|
requiremen

A.3 Acce

For the purj
open positi
facilitate thi
provisions g

pplicable IMO Resolution on the Harmonized System of Survey and Certification pro
s for the examination of cargo tank pressure-vacuum valves on ships.

5s arrangements for examining pressure<vacuum valves

pose of ensuring that any pressure-vacuumvalve lifts easily and cannot remain ij
n (as per manufacturer’s instructions), appropriate access arrangements to the val
s operation, such as a stand or platform@t deck level, should be fitted when necessary,
llowing for inspection of inside accurhulation of cargo residue and parts replacement.

11-2,
hting

rides

1 the
ve to
with

14
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Annex B
(normative)

Flow test measurements

General

nding on device type, the flow measurement shall consist of the following steps (see
prresponding diagrams).

Transition point valves

1: The opening phase from shut to the transition point whefte)the valve cha
ge from modulating to full open

flow measurement is made to establish the maximum pressure drop of the va
bsponding flow rate, at which the valve characteristics{change from modulating
sition point). This intersection is designated as Py, “and Q. Ten equally spac
urements between zero capacity and @y, shall berecorded. Each flow increm

ngs at least 10 times per second.

2: The flow rate for which the pressure. dees not rise above the minimum level r|
alve to remain fully open

low measurement is made to establish the flow rate needed for the valve to remain f
- This intersection is designated @,.,,- On the flow chart representation, a horizontal

n from Ql_tpV to QZ-tpV'
3: The maximum intended-pressure drop over the valve

Flow measurement is.made to establish the flow rate corresponding to the maximy
sure drop over thevalve. This is designated P, ,, and Q5. Ten equally spaced flow me
een (,.(,, and @3'shall be recorded. Each flow increment shall be maintained unde

condfitions for at least’5 s with logged flow and corresponding pressure readings at leg

per {
Step
The

econd.
4: The closing phase from fully open at the maximum intended pressure drop to

lovnmeasurement is made to establish the closing pressure of the device, Pqging. Th

betw

Annex G for

racteristics

ve and the
o full open
ed pressure
ent shall be

tained under stabilized conditions for at least 5 s with logged flow and corresponding pressure

equired for

ully open at
line shall be

m intended
Asurements
r stabilized
1st 10 times

shut

e flow range

een 0, and the flow value corresponding to P.,..... shall be divided into ten equally

spaced flow

rates. Each flow increment shall be maintained under stabilized conditions for at least 5 s with logged

flow

B.3

and corresponding pressure readings at least 10 times per second.

Full opening valves

Step 1: The opening phase from shut to where the valve is constantly fully open

The flow rate needed to open the valve, @, shall be ignored for the purpose of the flow chart. The
flow measurement is done to establish the flow rate needed for the valve to remain fully open at P.
This intersection is designated Q,_¢, .. On the flow chart representation, a horizontal line shall be drawn

from Q_¢,, to Q¢ horizontally from P,.

Step 2: The maximum intended pressure drop over the valve

© IS0 2021 - All rights reserved 15
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The flow measurement is made to establish the flow rate corresponding to the maximum intended
pressure drop over the valve. This is designated P, ,, and Q5. Ten equally spaced flow measurements
between Q,_,, and Q3 shall be recorded. Each flow increment shall be maintained under stabilized
conditions for at least 5 s with logged flow and corresponding pressure readings at least 10 times

per second.

Step 3: The

The flow measurement is made to establish the closing pressure of the device, P,

between Q5

closing phase from fully open at the maximum intended pressure drop to shut

closing

and the flow value corresponding to P shall be divided into ten equally spaced

closing

. The flow range

flow

rates. Each flow increment shall be maintained under stabilized conditions for at least 5 s with logged

flow and co

B.4 Mody
Step 1: The

The flow ra
open, QZ-mv
establish th|
is designate
be recorded|

. i 1 £ 10 &3 |
I coyuuulus lJl CoourvT1 cauluso dlICTdol 1IU LIIIITS lJCl SOCLUIIU.

hlating valves
opening phase from shut to the maximum intended pressure drop overthe valv

fe needed to open the valve, Q;_,,, and the flow rate needed for the-yalve to remain

shall be ignored for the purpose of the flow chart. The flow measurement is ma
e flow rate corresponding to the maximum intended pressure.drop over the valve.
d P, and Q5. Ten equally spaced flow measurements betweenzero capacity and Q;
. Each flow increment shall be maintained under stabilized\€onditions for at least 5 s

AY74

fully
e to
This
shall
with

logged flowjand corresponding pressure readings at least 10 times pér second.
Step 2: The|closing phase from fully open at the maximum intended pressure drop to shut
The flow mg¢asurement is made to establish the closing pressure of the device, Pqgin,- The flow nange

between Q5
rates. Each
flow and col

B.5 Dual
The flow tes
as specified
B.6 Stati

Step 1: The

The flow raf
drop for eac
for atleast 5

and the flow value corresponding to P,sng-shall be divided into ten equally spaced
low increment shall be maintained under stabilized conditions for at least 5 s with lg
responding pressure readings at least 10, times per second.

nozzle valves

t measurements shall be carried outin accordance with the appropriate valve character
above in B.1 to B.4.

c flame arrestefs

maximum intended pressure drop over the device

e shall beriicreased in suitable steps up to the maximum by the flow rate Q5. The pres

s withilogged flow and corresponding pressure reading at least 10 times per second.

flow
gged

stics

sure

h step shall be recorded. Each flow increment shall be maintained under stabilized conditions

16
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C1

This|annex covers the testing of devices to prevent the passage of flame into cargo tank
called "devices") of tankers carrying cargo having a flashpoint of 60 °C (closed cup)-oples:
vapour pressure below atmospheric pressure and other products having a similarifir€ haza

C.2

Flamje tests of the devices shall be carried out in accordance with ISO 16852:2016.

The

prod
group according to IMO MSC/Circ. 677 as amended and 1SO\46852, and shall be marked

The

For

burn|tests need not be carried out.

Where end-of-line devices are fitted with cowls;weather hoods and deflectors, etc., these

shal

Wheh venting to atmosphere is not petformed through an end-of-line device or a detoq]
arregter, the in-line device shall be specifically tested with the inclusion of all pipes, tees, b
weather hoods, etc., that may be_ fitted between the device and the atmosphere. The te
consjst of the deflagration test-and, if for the given installation it is possible for a station

rest
test

phenomena.

After the relevantctests, the device should not show mechanical damage that affects
performance.

C3

Tabl¢ C.1 provides a listing of the tests required for devices to prevent the passage of flame

ISO 15364:2021(E)

Annex C
(normative)

Devices to prevent the passage of flame

General

Type testing

tlijevices shall be tested with an appropriate media suitable for the MESG (see IEC 60079
ct to be carried. Flame arresters shall be tested with vapours/gases of the respecti

application is limited to mixtures with an MESG equal te*or greater than that tested.

flame arresters fitted at vacuum inlets through.which vapours cannot be vented, th

l{be fitted for the tests.

s not achievable for technical reasons, other measures shall be taken to avoid stabili

Summary of required testing

s (hereafter
, and a Reid
rd.

-20-1) of the
e explosion
accordingly.

b endurance

httachments

ation flame
ends, cowls,
sting should
hry flame to

bn the device, the testing should also include the endurance burning test. If the endurance burning

zed burning

its original

Table C.1 — Tests required for devices to prevent the passage of flame

Devices Tests to be conducted in Remarks
accordance with ISO 16852:2016

end of line vacuum valve atmospheric deflagration 7.3.2.1

with flame arrester endurance burn 7.3.5 When required 2
end of line pressure valve atmospheric deflagration 7.3.2.1

with flame arrester endurance burn 7.3.5 When required 3
end of line flame arrester/ atmospheric deflagration 7.3.2.1

screen

a)

Exemptions for endurance burning given in IMO MSC/Circ. 677 as amended, apply for this annex.

© IS0 2021 - All rights reserved
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Table C.1 (continued)

Devices

Tests to be conducted in
accordance with ISO 16852:2016

Remarks

installation (see Annex C)

endurance burn 7.3.5 When required 2
end of line gas freeing cover atmospheric deflagration 7.3.2.1
endurance burn 7.3.5 When required 2
end of line high velocity valve [atmospheric deflagration 9.2.3
low flow 9.2.1
open close 9.2.2
endurance burn 9.2.4 When required
in-line detonation deflagration 7.3.2.2
detonation 7.3.3.2
endurance burn 7.3.5 When required 2
in-line deflagration deflagration 7.3.2.2 |Arrester should beitested scale 1:1
(see Annex C)
endurance burn 7.3.5 When requited @ and depends on

a)  Exemptions for endurance burning given in IMO MSC/Circ. 677 as amended, apply for this annex.

18
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Annex D
(informative)

Materials selection guidelines

General

The
mairn

Thes|
equij
of ed
Annd

adequate level of corrosion protection of the pressure-vacuum valves.

D.2

The
workK
Deps
iron,
non-
expe|
valvd

The

purpose of these guidelines is to recommend general criteria for the selection,app
tenance of materials used in the pressure-vacuum valves within the scope of this.docy

e guidelines are not intended to replace the technical aspects of any specific desig
bment that is under the responsibility of ship owners, manufacturers and-shipyards. T|
uipment is based on the specification information provided by the'buyer in acco
x E. The manufacturer shall provide details to the buyer on the necessary system

Selection of materials

ing conditions and environment in terms of being subjected to various cargoes and th
nding on application (e.g. end-of-line or in-line jmstallation and type of cargoes), cast
bronze and different grades of stainless steel\niay be used. Refer to Clause 5 for all
metallic parts. For wearing parts, such as Seats and discs, material selection shoulg
cted working conditions associated with the predicted functional characteristics of th
design.

freq

a)

b) ¢

f

|

vorking conditions can negatively.influence the lifetime of the wearing parts as a cor
ent seat and disc contact due to ‘the following:

versizing, which prevents-the valve from opening fully during normal operation;

pxcessive maximum pressure drop over the valve, which keeps the lift of the disc req
illing rates;

) 110

advertent relation between the venting rate during normal operations and the valve
int, wherefit-becomes fully open.

lication and
ment.

h or type of
he selection
rdance with
0 ensure an

materials chosen for the construction of pressure-vacuum valves shall reflect the expected

eir vapours.
iron, ductile
pwed use of
| reflect the
e particular

sequence of

luced at low

's transition
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Annex E
(informative)

Corrosion protection guidelines

E.1 Corrosion protection systems

The grade of surface preparation, design features, expected working conditions, maintenance sch

and desire
protection

protection time should be taken into account for the selection of suitable\corr
stems.

Available methods for corrosion protection are hard coatings, soft coatings with ¢ptional corr

inhibitors,

d powder treatments.

When repaifs are necessary due to corrosion, maintenance coatings should be carried out wit

same coati

for a satisfd
manual, inst
on surface t

E.2 Seled

In selecting
foreseeable
considered:

— current
— possiblg
— valve dg
— require
— require

— frequen
their tej

— aspired

system originally used, provided the surface treatment and working conditions reqy
ctorily result are obtainable. The valve manufacturer shall furnish, with the instru
ructions for carrying out repair works on the corrosion protection system including de
Featment, procedures, and type of coatings allowed.

tion of corrosion protection system

the corrosion protection system, the partiesihvolved should consider the current situg

surface condition;
surface preparation;
sign and intended service;
H surface cleanliness(and dryness;
H ambient conditiorns during preparation;

cy of loadingloperations causing the valve to be subjected to aggressive compounds
mperatures;

durabitity;

eme,
bsion

bsion

h the
hired
ction
ptails

tion,

service conditions and planned maintenaiice programme. The following aspects shoulld be

and

— mainter

ance features

E.3 Coatings

The durability of coatings applied for corrosion protection is influenced by factors, such as surface
conditions, surface penetration, coating selection, application and maintenance.

Common types of coating used for surface protection are

a) epoxy formulations for high surface protection, and

b) combinations of natural or synthetic oils and grease formulations containing corrosion inhibitors.

Observing the coating process and in-service inspection is best served by using a light-coloured coating.

20
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The provided technical product data sheet and job specification should be carefully followed, including
required ambient and working conditions.

A record of the ambient and working conditions during the coating application process should be
entered.

E.4 Surface preparation
The performance of a coating system is highly affected by the condition of the treated surface. Over

time, the grade of surface preparation has a direct influence on the selection of protective coatings and

their, pnrfnrm ance

Recognized national standards or International Standards for good practice concerning methods for
surfdce preparation should be observed along with the manufacturer’s recommendations.

Possl]ble surface preparation methods include the following:

— blast cleaning;

Iand and power tool cleaning;
— flame cleaning;
— high pressure water blasting;
— ¢lectrolytic cleaning.

The nethod chosen should take into consideration the necessary requirements for cleanliness, humidity
and grade of surface preparation.

Remaining particles such as blasting abrasives, dust, rust flakes and water should be [removed as
apprppriate. A record of the result of the sutface preparation should be entered.

E.5 | Application

The |application of a coatingyshould be carried out in accordance with the mapufacturer’s
recommendations.

Coatlngs, liquid or powders may be applied by spraying under documented working| conditions.
Addifional repair wotk; if required, should be applied by brush or roller.

Each|coating layéx should have the maximum/minimum thickness required in accordance with the job
specification¢Eighty percent of all measurements should be higher than or equal to the fominal coat
thickness, andhone of the balance should be below 80 % of the required nominal thickness.

Depgnding on the type of coating, the thickness may be measured either on wet or dry surfaces.

Instructions should indicate the dry-to-recoat periods and limits of ambient conditions during the
application process.

E.6 Testing
Destructive testing should be avoided.

Coat thickness testing should be carried out after each coat layer is applied, by means of appropriate
thickness gauges.
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E.7 Inspection

Surface preparation and coating application should be inspected as relevant in accordance with prior
agreement between the parties involved. Inspections should be logged in an agreed format to be signed
at the conclusion of each stage of the process. Items to be inspected may include the following:

— working conditions;

— ambient conditions, i.e. temperature and humidity;

— surface

preparation processes;

— coating
— thickne
— finaldr
— coating

During insp

E.8 Main

E.8.1 A c(
Maintenanc
way to prese

E.8.2 The
maintenanc

— chemicad
— valve dg
— valve d{

— valve d{
or sea W

— valve d
disman

— valve dg

E.9 Geng¢

application equipment;

5s of layers drying period for the different layers;
ying time;

repairs.

bction, defective areas should be marked and appropriately repairéd.

tenance

rrosion protection system should be maintained thtoughout the lifetime of the vj
e should be in accordance with the manufacturer’s recommendations for the most effd
rve the efficiency of the corrosion protection system.

type of cargo carried should be taken into cgnsideration when deciding for the approp
e schedule. Factors that may influence the frequency of maintenance are the following:

1 aggressiveness of the cargoes anditendency of cargo vapour to crystallize;
sign features allowing condensate to accumulate;
signs sensitive to seizinggif\free passage is hindered at certain narrow passages;

signs where the proper function depends on the free through-passage of ingress water
rater) and vapour condensate through drains or drain valves;

psigns where theCondition of the gas passage way cannot be examined visually wit
ling;

signs where the gas passage way cannot be cleaned without dismantling.

hlves.
ctive

riate

(rain

hout

ral inspections of in-service equipment

The lasting effectiveness of the corrosion protection system and the function of the valves in general
shall be monitored throughout the service life of the valves.

Assessment of the condition of the valves should be carried out regularly reflecting the items and
conditions listed in 8.2.

Hard coatings shall be assessed by monitoring any localized breakdown that should indicate accelerated

corrosion.
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Annex F
(informative)

Specification information

In order for the manufacturer to provide the end-user with a suitable pressure-vacuum valve, the end-
user shall provide the manufacturer with sufficient information. This annex contains typical elements
of surch information. Specifications for devices should include the following information:

a)
b)
c)
d)
e)
f)
g)
h)
i)

j)
k)

1)

ominal pipe size, configuration of piping and pipe length;
aximum gas density;

aximum gas growth rate factor;

west maximum experimental safe gap (MESG);

get opening points for pressure and vacuum;

maximum pressure drop allowed over the device at any flow/rate;

feseating pressure;

aximum and minimum ambient air temperature;

aterials of construction, in particular the wearing parts mentioned in Annex D, and

earing parts;

gurface treatment and coating considerations (from Annex E);

gystem and the maximum allewed operating tank pressure range;

maximum allowed contribution of pressure drop generated over the valve at the lar
ffull flow or the maximum pressure drop;

maximum outerjce-layer thickness permitted for proper operation;
yhether heating is required to prevent crystallization of certain cargoes;

fLor high-v€locity vents, the minimum average velocity required for a cross section o
utlet'to atmosphere.

........

information

n the anticipated pH-value of the environhient anticipated and the desired service lifetime of the

maximum gas flow converted‘into standard conditions, the design pressure drop of the piping

rer of either

f the valve'’s

hal standard

or International Standard on materials of construction for the following components (see Clause 5 for
additional details):

housing and bolting;

discs, spindles, seats, springs, gaskets, seals, flame arresting components.
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Annex G
(informative)

Flow graph examples

Flow graphs issued in accordance with Clause 9 should appear as shown in Figures G.1 to G.5, indicated
for each type.

Y

P MAX

PSET PCLOSING

Ql—mv QZ—mV Q3 X

Key
X volume flow
Y pressure

Figure G.1 — Flow for modulating valves
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PSET

PCLOSING

Ql—fov

Key
X vyolume flow

Y pressure

Qz—fov

Figure G.2 — Flow for full opening valves

¢
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Y |
Pyiax
Pl—tpv
Psgr
Pcjosing
Ql—tpv QZ—tpv Q3 X
Key
X volume flow
Y pressurg
Figure G.3 — Flow for transition point valves
Y A
Pmax ____________________________________
I
|
|
l
|
Psetl :
PsetZ / :
closing 2 :
|
[
|
closing 1 |
|
|
. L
Ql QZ total QS total X
Key
X volume flow
Y pressure
NOTE This figure represents a combination where the main valve is a type full opening valve and the extra

valve is a type modulating valve.

Figure G.4 — Flow for dual nozzle valves
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