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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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INTERNATIONAL STANDARD ISO 22547:2021(E)

Ships and marine technology — Performance test
procedures for high-pressure pumps in LNG fuel gas supply
systems (FGSS) for ships

1 Scope

This|document specifies performance and additional tests for high-pressure pumps_in [marine fuel
gas qupply systems (FGSS) supplying liquefied natural gas (LNG) to ships. It is applicabl¢ to positive
displlacement pumps (hereinafter "pumps") to assess the mechanical features of the pumps and their
auxiliary devices.

2 Normative references

The following documents are referred to in the text in such a way, that some or all of their content
constitutes requirements of this document. For dated references,(only the edition cited [applies. For
unddted references, the latest edition of the referenced document{including any amendments) applies.

ISO 1996-1, Acoustics — Description, measurement and assessment of environmental noise — |Part 1: Basic
quanttities and assessment procedures

ISO 10816-6, Mechanical vibration — Evaluation of miachine vibration by measurements on pon-rotating
party — Part 6: Reciprocating machines with power ¥atings above 100 kW

IGC (ode, International Code for the Construction and Equipment of Ships carrying Liquefied Gases in Bulk

IGF (ode, International Code of Safety for Ships using Gases or other Low-flashpoint Fuels

3 Terms and definitions
For the purpose of this document, the following terms and definitions apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

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

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

31
high|préssure
maxinum working pressure greater than 1,0 MPa

3.2

LOS

lubricating oil system

system to supply lubricant to the pump crank chamber

3.3
seal gas
gas used to separate the pump piston from the driving part and to prevent ice formation

3.4
test temperature
temperature of the fluid during the test, designated by the client

© IS0 2021 - All rights reserved 1
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test pressure
pressure of the fluid during the test, designated by the client

3.6

test flow rate

flow rate of

3.7

the fluid during the test, designated by the client

temperature stabilization
state at the conclusion of cool-down, when the temperature variation of the pump is within #2 °C/min

4 Testal

‘rangement

4.1 Test preparation

The client,
manufactur
manufactur

The testarr
related devi

In order to
shall be revi

Figures 1 an

cryogeni

prior to setting the test parameters, shall review the information,provided by
er to ensure that the test parameters at a minimum meet thé_requirements o
T

hngement used for the performance test shall supply a test fluid to the inlet of the pumj
prevent industrial accidents during the test, the testiarrangement and/or the equip
ewed and checked in advance.

d 2 show a conceptual diagram of a typical test arrangement.
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Figure 1 — Conceptual diagram of the test arrangement
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Figure 2 — Conceptual diagram of the test arrangement, including the surge chamber

4.2 | Test fluid
As a principle, LNG shall be used as the medium to¥erify the performance of the pumps.

A medium other than LNG, such as liquefied nitrogen or other fluids colder than the liquefied
temperature of LNG, may be used to conduct'the test as a reference to the performance of the pumps,
whete it has been designed for the sameccolder temperatures if LNG is not practical.

If a fluid other than LNG is used,-correction values should be applied as set forth in I[50 6976 (or
equiyalent standard) based on the'actual testing result.

4.3 | Test parameters

Pressure, temperatureydnd flow rate shall be measured as the minimum test parameters. Other
additional factors listed in the example report of Annex A, item 3., may be measured.

The test parameters shall be measured by appropriately calibrated measuring instrumentg.

Meaguring.sensors shall be installed as close to the pump as practicable.

The téstparameters in Annex A, item 3., shall be recorded twice, once every 5 min, duriqlg each load
step.

4.3.1 Total pressure
The total pump hydraulic pressure (H), in megapascals (MPa) shall be calculated as follows:

H=Hy -H

is ~ "'suc
where
Hgy, isthe hydraulic pressure at discharge (MPa);

H_,. isthe hydraulic pressure at suction (MPa).

© IS0 2021 - All rights reserved 3
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4.3.2 Total efficiency
The total efficiency of a pump (1) is expressed as a percentage as follows:

n=P,/Px100

where

P

w

is the theoretical hydraulic power (kW);

P isthe actual pump input power (KW).

a) Theoretical hydraulic power (P,)

The theoretjcal hydraulic power, P, in kilowatts (kW), is calculated as follows:

— -1
P,=2,78 x107" QH

where

Q is thg discharge volumetric flow rate (m3/h);
H is thg total pump pressure (MPa).
b) Actual pump input power (P)

The actual pump input power (P), in kilowatts (kW), can bé&measured using the torque and revoljition
speed of thle motor. The motor output can be taken aS‘the actual pump input, regardless of the
arrangement of the power transmission system betweeiti-the motor and the pump.

5 Test procedure

5.1 Precgoling and starting
The pump ahd the test arrangementshall be maintained at cryogenic temperatures during the test.
A preliminaty inspection shall be-eonducted before testing, as follows:

a) Visual inspection of thespump and related devices.

b) Visual ipspection 6fthe LOS of the pump and related devices (if applicable).

c) Visual ihspection of the electricity supply to the pump.

d) Visual ipspection of the communications and data collection system.

e) Visual inspection of the open/close positions of the valves for the initial operation of the pump test
arrangement.

After precooling the test pump, start the pump if the operation conditions meet the set parameters,
including temperature and suction pressure, and conduct the test according to the designated test
procedures. The surge chamber (accumulator) shall be included in the test scope, if provided with the
pump by the client.

Precooling is used to prepare both the pump and the test arrangement at cryogenic conditions. A
cryogenic test fluid at a certain flow rate is supplied from the tank to the test arrangement to lower
the temperature of the test arrangement and the pump. The target temperature of precooling shall be
designated by the client.

4 © IS0 2021 - All rights reserved
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The precooling procedure of the high-pressure pump to the relevant minimum operating temperature
shall be documented in the test report (see example of a test report in Annex A).

The test pump shall be started after temperature stabilization and the speed of the pump, which shall
be adjusted to the test pressure. The flow rate shall be increased up to the test flow rate; then the
control valve shall be slowly throttled until it reaches the test pressure to start the performance test.

5.2 Performance test

The performance test shall be conducted according to the load steps shown in Figure 3. A test report
shall be produced based on the data recorded every 5 min during the test, see example in Annex A.
Different load steps may be applied taking into account the characteristics of gas consumer.

NOTE 1 Ifagreed with the client, the testing time at each step can be longer than specified'below.
NOTH 2  Additional load step test (e.g. zero to 100 %) can be conducted if required by the client.
The performance test shall be carried out as follows.

a) AMdjustthe discharge pressure of the pump to the test pressure.

b) Upon reaching step 25 % or minimum of the test flow rate, whichever is lower, maintain the state
I)r 10 min. Record the measurement.

c) aise the flow rate up to 50 %. Upon reaching step 50 % of the test flow rate, maintain fthe state for

10 min. Record the measurement.

d) Raise the flow rate up to 75 %. Upon reaching step75 % of the test flow rate, maintain [the state for
0 min. Record the measurement.

e) Raise the flow rate up to 100 %. Upon reaching step 100 % of the test flow rate, maintgin the state
or 10 min. Record the measurement.

6 Additional tests

6.1 | Unit production test

The Individual pump shall bé subject to the unit production test at the manufacturer’s premises or at
the sjte designated by the'client.

For tlype-tested pumps, the unit production test shall be carried out for the following items
a) requiremeénts from the IGC and IGF Codes;

b) requireéments from classification societies;

, noise and

others,

d) flag state requirements.
Pressure testing shall be done at 1,5 times the design pressure.
Performance of safety devices should also be conducted.

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

© IS0 2021 - All rights reserved 5
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Figure 3 — Sample of load steps

57 59 61 63 65 67 69 71 73 75 77 7981 83 85 87 89 91 93 95 97 99 101

hance test for one of each model and capacity of the pumps should be carried out in
with Clause 5. Thetype testing is to represent typical foreseen service characteristics of

hal tests, otherthan those in Clause 5, should be carried out with the consent of the client,
wise specified as the requirements of the classification society.

f theqpumps shall also be in compliance with the requirements in the IGC and IGF Codef and

Modifications of the design should require a new type test. However, in case of minor changes in non-
essential components, a new type test may not be necessary upon the agreement with the client, unless
otherwise specified as required by the classification society.

6.3 Endu

rance test

In addition to the performance test, an optional endurance test may be conducted to prove the
endurance and stability to maintain the pressure and flow rate of the pump under the influence of the

operation time and the different test conditions designated by the client.

6.4 Overhaul inspection

After the test, pump overhaul inspection should be conducted, if needed.

© ISO 2021 - All rights reserved
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6.5 Vibration and noise

If vibration and noise need to be verified, ISO 10816-6 and ISO 1996-1 shall be applied for the test
method.

7 Testreport

The size and type of the test pump, name of the manufacturer, serial no., test no., test items, test liquid,
test date, tester's name, discharge amount, and pump specifications and characteristics shall be clearly
recorded in the test report. A sample format of a test report is shown in Annex A.

© IS0 2021 - All rights reserved 7
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(informative)

Annex A

Test report of high-pressure pumps in LNG FGSS - Example

1. Specificption of the pump

Manufactuted by: Date:

(Project nol)

Pump type | (Example: reciprocating, gear, etc.)

Specified flpid Design flowrate (kg/h|Max. working pres- |Pump speed’(r/min)

or m3/h) sure (MPa)

NOTE A specification graph of the pump for the designed angles-0f/inclination can be attachgd, if
possible.

2. Test conditions

Test fluid (name)

Test flow rdte Test range

Test pressure (MPa)
(kg/h or m{/h) (Flow rate: kg/h or m3/h)
0,
25%0r | 5h0, | 7504 100 %
minimum

Surge chantber Hydraulic pressure at suction desig- |Suction temperature designated (JC)
U Included nated (MPa)

I Not inclulded

Vibration/noise test Booster pump Precooling temperature (°C)

O Included O Included

I Not included U Not included

8 © IS0 2021 - All rights reserved
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