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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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Introduction

In response to an increased number of ships using LNG fuel, the International Maritime Organization
(IMO) adopted the IGF code that specifies mandatory requirements of the LNG fuel tank, LNG fuel engine,
fuel gas supply system (FGSS), bunkering, control of safety system, monitoring, and fire extinguishing
systems, etc. to ensure the safety of gas-fuelled ships.

The requirements of the IGF and IGC Codes apply to the design and manufacture of LNG FGSS. However,
no widely recognized standards in terms of the performance testing of FGSS has yet been established;
thus, FGSS is tested accordlng to a case- by case agreement between the buyer and the supplier. For this

acce]j table to all stakeholders (e g. shlpowners cla551f1cat10n soc1et1es engine makers Shlp

In thi

is context, this document sets up a performance test procedure for the LNG FGSS, wh

of equipment such as pumps, heat exchangers, valves, piping, etc. With this document, it

that
be p

) the performance of LNG FGSS be identified from an objective point of viéw, ii) useful
rovided to all stakeholders, and iii) development of more reliable LNG FGSS be faci

contributing to the growth of relevant industries and benefiting all stakeholders.

In addition, as specific requirements from classification societies arid /or administrations
the NG FGSS concerned, the buyer is expected to identify those-before placing a purchas

supp
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Ships and marine technology — Performance test
procedures for LNG fuel gas supply systems (FGSS) for
ships

1 Scope

This
and
lique
to ev]
and
ship’

2

The
cons
undg

IMO,
Code]

IMO,

L

3
Fort
[SO 4
I

]

3.1
LNG
LNG
systg
cons

document specifies evaluation methods of characteristics such as pressure, flow rate, 4
system stability of fuel gas supply systems (FGSS), which are manufactured ¢olus
fied natural gas (LNG) or boil-off gas as fuel gas supply to the vessel's gas consumers. It
aluate the performance of the LNG FGSS: (1) prior to delivery or after installation on t
2) to assure the system characteristics are taken into account for the entifejgas consu
5 gas trial or sea trial.

Normative references

following documents are referred to in the text in such a~Way that some or all of t
fitutes requirements of this document. For dated referénees, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

International Code for the Construction and Equipment of Ships carrying Liquefied Gases

International Code of Safety for Ships using Gdses or other Low-flashpoint Fuels (IGF Codq

[erms and definitions
he purpose of this document, the-following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

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

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

fuel gas supply system
FGSS

emperature
e vaporized
is applicable
oard a ship,
mers during

heir content
applies. For
hts) applies.

in Bulk (IGC

<

ddresses:

m that'supplies gas fuel at the temperature, pressure and flow conditions requirec

ESD
3.2

3.3

| by the gas

imer, from the fuel tank(s) to the gas consumer, excluding the fuel tank(s), in-tank pjlmp(s), tank

maximum pressure
maximum operating pressure (MPa) measured during the test period

minimum pressure
minimum operating pressure (MPa) measured during the test period

3.4

pressure pulsation
pressure variation (MPa) during the test period, defined as the difference between the maximum
pressure (3.2) and the minimum pressure (3.3)
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3.5
flow rate

:2021(E)

arithmetic mean of the mass flow rate (kg/h) measured during the test period

3.6

average temperature
arithmetic mean of the temperature (°C) measured during the test period

3.7

test temperature
temperature (°C) of the fluid during the test, designated by the client

3.8
test pressu
pressure (M

39

re
Pa) of the fluid during the test, designated by the client

test flow rate

flow rate (k

3.10

emergency
ESD systen
system that

4 Test aj

b /h) of the fluid during the test, designated by the client

shutdown system

safely and effectively stops the flow of LNG and vapour itnNG operations

‘rangement

4.1 Test preparation

The LNG FG
the Internat

The test arn
and related
client, withd

Before any f
be available

5S under test shall be designed in accordance with the IGC and/or IGF Codes establish
ional Maritime Organization (IMO) for.the safety of systems.

angement used for the performance test shall supply a test fluid to the inlet of the sy
devices at the required test pressure, test temperature and test flow rate designated b
ut disruption.

est run is carried out,.allrelevant arrangements for the safety of attending personnel
and operational, and-their correct functioning shall be ensured.

ed by

stem
y the

shall

For safety, the air shall be properly replaced with inert gas or a suitable medium in the test arrangement.

The system

Provisions,

Figure 1 shd

and the test@krangement shall be maintained at cryogenic temperatures prior to the t
[0 the maximum extent possible, should be made to minimize the methane emission.

wsa typical test arrangement.

pst.

Typical exar

Npies of LNG FGSS WItHiT tie STope of the testare SHow 1T ATIexX B.
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Figure 1 — Sample flow diagram of LNG FGSS test arrangement
r systems such as EDS valve(s), blow down valve(s), etc., should be installed in

ions.

Bunkering piping is excluded from the scope of the test.

Test fluid
principle, LNG shall be used as the medium to verify the performance of the FGSS.

bdium other than LNG, such &s;liquefied nitrogen or other fluids colder than t
erature of LNG, may be used to conduct the test as a reference to the performance
e the system and associated-components have been designed for the same colder tem
is not practical.

luid other than LNG_is used, correction values should be applied as set forth in I
alent standard), based on the actual testing result.

Test parameters

fest parameters listed in the example report of Annex A, items 3 and 4, shall be m¢
rded during the test that shall be performed according to Clause 5.

appropriate

he liquefied
of the FGSS,
peratures if

50 6976 (or

basured and

The

lata of pressure, flow rate and temperature of LNG EGSS shall be recorded in accorda

hce with the

FGSS clients’ requirements, but in any case, no less frequently than once in every 5 s.

Ambient temperature and humidity shall be recorded before and during the test.

The measuring instruments used in the test shall be appropriately calibrated.
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5 Test procedure

5.1 Safety test

5.1.1 Test of e.g. alarm and safety devices

It shall be confirmed that the alarm and safety devices, such as the ESD system, operation of valve(s),
etc., are properly operative at ambient temperature and at the minimum working temperature.

The FGSS co

ntrol system shall be connected and fully operative during the test.

5.1.2 Cry

The cryogen
the FGSS to

The cryoger]

a) cryogern
b) electric
5.1.3 ESD

The normal
system shal
system and
piping syste
arrangemer
pressure (b

5.2 Perfao

The perforn

Figure 2). A
during the t
NOTE If

If the FGSS |
shall be test]

a)
b)

Adjust

Increas

bgenic function tests

ic function tests shall be carried out at the design temperature or lower before pressur
the design pressure.

ic function tests shall include following:
ic mechanical operation test (e.g. valve operation, leakage verification, etc.);

hl integration test (control system) in cryogenic conditions.

and blow down test

operation of the ESD system shall be confirmed prior to the test set up. The test co

t's capability to shut down (ESD system) and depressurize the FGSS to atmosp
ow down system) in case of emergency.

rmance test

hance test of the FGSS shalltbe conducted as per the following load steps (refer al
test report shall be produced based on the data recorded properly (at least once ever)
pst, see example in Annex)A.

pgreed with the client;the testing time at each step can be longer than specified below.

as more than one supply pipe with different supply pressures, the performance of the
ed for each.output separately. (See Figure B.2 in Annex B.)

he discharge pressure of the system to the test pressure. Record the minimum flow ra

e theflow rate to 25 %. Upon reaching step 25 % of the test flow rate, maintain the sta

30 min.

Record the measurement

izing

trol

| be able to shut down the ESD valves in the test-$étup and safely depressurize the pjping
return it to atmospheric pressure conditions by activating the blow down system| The
m shall be pressurized with nitrogen priorto this test. This test shall confirm theg test

eric

50 to

V5 s)

FGSS

ke.

e for

c)

for 30 min. Record the measurement.

d)

for 30 min. Record the measurement.

state for 30 min. Record the measurement.

f)

measurement.

Increase the flow rate up to 50 %. Upon reaching step 50 % of the test flow rate, maintain the state

Increase the flow rate up to 75 %. Upon reaching step 75 % of the test flow rate, maintain the state

Increase the flow rate up to 100 %. Upon reaching step 100 % of the test flow rate, maintain the

Decrease the flow rate down to 75 % of the test flow rate, maintain the state for 30 min. Record the

© ISO 2021 - All rights reserved
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g) Decrease the flow rate down to 50 % of the test flow rate, maintain the state for 30 min. Record the
measurement.

h) Decrease the flow rate down to 25 % of the test flow rate, maintain the state for 30 min. Record the
measurement.

i) Decrease the flow rate down to the minimum test flow rate, maintain the state for 30 min. Record
the measurement.

f p
120 120
100 %
100 | e oo o o e e e e e e e e e e e e e — e = - - - - - 100
| ]
' 1
! ]
! |
: |
80 ! 75 % 75 % i 80
' i
! |
! ]
! ]
60 : & O 1 60
' 50 % 50 % H
I i
| |
40 : — ] 40
[}
: ]
]
] 25 % 25% 1
20 /s 20
0 o) 0
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89,93 97 101105109113117121125129133137 141145149 153157 161165169173 177 t
Key
PR test pressure
I test flowrate
f test flow rate, expressediin per cent
D test pressure, expressed in per cent
t testing time, expfessed in minutes
Figure 2 — Sample of load steps
6 Additional tests

6.1 “Ynitproductiontest
The individual FGSS shall be subject to the unit production test at the manufacturer’s premises or at the
site designated by the client.

In order to conduct the unit production test, a hydrostatic or pneumatic pressure test shall be conducted
in addition to the tests in Clause 5.

The extent of the unit production test should be agreed by the client. For example, the test items, upon
agreement, may include measurement of e.g. vibration and noise level. Specific requirements in the IGC/
IGF Codes and by classification societies or the administration apply to systems designed for marine
use.

© IS0 2021 - All rights reserved 5
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For type tested FGSS, the unit production test may be carried out for the following items instead of the
tests specified in Clause 5, if required by the client. The classification society and/or the administration

canrequire

otherwise.

a) Hydrostatic or pneumatic pressure test at 1,5 times the design pressure.

b) Performance of alarm and safety devices.

c)

If desired, additional tests as specified by the client may be carried out.

Test personnel should consider the risks of pneumatic testing versus hydrostatic testing when choosing
the test methods.

6.2 Type

The perforny
with Clause

Any additio
The classifiq

Prior to the
design in ac

Modificatiops of the design should require a new type test. Howeyer; in case of minor changes in

essential co
otherwise s

6.3 Endu

In addition
endurance g
operation ti

7 Testreport

Data such a
the tests an
shown in Fij

rance test

test

jance test for one of each model and capacity of the FGSS should be carried outin accord
5. The type testing is to represent typical foreseen service characteristicsiof the syste

nal tests, other than those in Clause 5, should be carried out with thesconsent of the c
ation society and/or the administration can require otherwise.

type test, the classification society and/or the administration might need to approv
rordance with the applicable requirements.

mponents, a new type test may not be necessary upon.the agreement with the client, u
pbecified as required by the classification society and/or the administration.

to the performance test, an optionalcendurance test may be conducted to prove
nd stability to maintain the pressure and flow rate of the FGSS under the influence g
e and the different test conditions'designated by the client.

l recorded in the testreport (see Annex A), with the performance curve of the LNG FG
rure 2.

ance
m.

lient.

e the

non-
nless

2 the
f the

5 discharge pressure,.temperature and flow rate shall be measured and collected dfiring

SS as
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Annex A
(informative)

LNG fuel gas supply systems (FGSS) test report — Example

Date: 0000.00.00
1. Specification of the FGSS

Project no. Manufactured by:
Buyer Owner

Type of FGSS Model number
Desilgn pressure Design flow rate
Design temperature Design fluid

Additional details for individual components.such as pumps, vaporizers, compressors, etc|, and piping
and instrumentation diagram (P&ID) to be attached.

2. Test conditions

Test|pressure

(MPh) Test fluid
Test|flow rate .

Test time
(kg/h)
Testitemperdture Endurance test
(°C)

3. Result of the safety test

Tests Result Test temperature
Test of e.g. alarm and safety devices Pass / Fail Warm / Cold
Cryogenic function tests Pass / Fail Cold
Blow down test Yes / No

© IS0 2021 - All rights reserved 7
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4. Performance test

5. Perfori

%\J

O
nance cur Q~

Pressure | Pressure Time
Average Max. |Min. pres- pulsa_tlon pu1§ ation Average | Average | between | Ambient

during |duringthe

Flow rate | pressure | pressure sure stabilized |changes of flow temp. | theload temp.
(MPa) (MPa) (MPa) state | load steps (kg/h) (°0) S(girss (°0)

(MPa) (MPa)

Min. flow
aN
74
25 % “:b
0 %,
Nl
50 % v
s
0 LN
75 % o)
N
Q\/
100 % N\
N
Q)
75 % $\"
¥

50 % L\

Na
25% O

O\
Min. flow C)
40

<X v

)

Raw test data should be attached to this test report.
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Annex B
(informative)

Typical examples of LNG FGSS within the scope of the test

For low-pressure systems, see Figure B.1.

Key

Ul s W N
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fuel tank
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naster gas fuel valve
gas consumer

Figure B.1 — Low pressure system
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For high- and low-pressure combined systems, see Figure B.2.
4

Key

AN 1AW N

10

test scop
fuel tank
LP vaporjizer

HP vapo

master gps fuel valve

gas cons

[¢)

izer
imer

Figure B.2 — High- and low-pressure combined system
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