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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 hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure
within an enclosed circuit.

The initial cleanliness level of a hydraulic system can affect its performance and useful life. Unless
removed, particulate contamination present after manufacturing, assembly, component failure and
repair of a system can circulate through the system and cause damage to the system components. To
reduce the probability of such damage, the fluid and the internal surfaces of the hydraulic fluid power
system needs to be flushed clean to a specified level.

Flusllling of lines in a hydraulic system needs to be viewed as one means of removing,|in-built and
residual contamination and should not be the sole method for cleaning such systems ynless other
metHods are impractical.
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Hydraulic fluid power systems — Assembled systems —
Methods of cleaning lines by flushing

1 Scope

This document specifies the procedures for flushing particulate contamination from the hydraulic lines
and ¢ompomnents of ydrautic fiuid power systents witicir 15T

— 1esidual in the components after manufacture;
— introduced into the system during the assembly of a new system; or
— introduced into the system after system failure, maintenance or modification of an existing system.

The aim of flushing the system is to quickly remove this contamination to'reduce the amgunt of wear
and amage that results if these particles are allowed to circulate argund the system.

This|document is not applicable to:
— the chemical cleaning and pickling of hydraulic tubes;

— the cleaning of major system components (this is covered in ISO/TR 10949).

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 efthe referenced document (including any amendments) applies.

ISO 4021, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples from
lineslof an operating system

ISO 4406, Hydraulic fluid power — Fluids — Method for coding the level of contamination by s¢lid particles

ISO 4407, Hydraulic fluidpower — Fluid contamination — Determination of particulate contgmination by
the cpunting method-uSing an optical microscope

[SO 3598, Fluid power systems and components — Vocabulary

ISO/TR 10949,"Hydraulic fluid power — Component cleanliness — Guidelines for achieving anf controlling
clear|liness\of components from manufacture to installation

[SO 12669 -Hydraunlicfhuidpower—Methodfor-determining-therequired-cleantinessteveHREE) of a system
ISO 16431, Hydraulic fluid power — System clean-up procedures and verification of cleanliness of
assembled systems

[SO 16889, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration performance of
a filter element

ISO 18413, Hydraulic fluid power — Cleanliness of components — Inspection document and principles
related to contaminant extraction and analysis, and data reporting

ISO 21018-1, Hydraulic fluid power — Monitoring the level of particulate contamination of the fluid —
Part 1: General principles

© IS0 2020 - All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

flushing

process of cleaning a hydraulic piping system that involves the circulation of turbulent hydraulic|fluid

at high velo¢ities within the piping system loops to remove, transport and filter out particles.thatjhave

been introdficed into the system during manufacture, building, maintenance, or after repaifs

3.2

flushing level

the cleanlinjess level to be achieved after flushing (3.1) which shall be cleanerithan the required

cleanliness l¢vel (RCL)(3.3)

Note 1 to entfy: A cleanliness level of one ISO code cleaner than the RCL (3.3) is suitable (see ISO 4406).

3.3

required cleanliness level

RCL

liquid cleanliness level specified for a system or process

Note 1 to ent}y: See ISO 16431.

34

Reynolds number

Re

dimensionlgss ratio of the internal flow forces:te’the viscous forces within a fluid which is an inditator

of the flow dharacteristics (laminar or turbulent) of a moving fluid

4 Principle of flushing

The purpose of flushing is to-quickly remove surface particulate contamination to both limif the

amount of damage to the compoénents and to quickly achieve the RCL by the customer. This is achjeved

by circulatipg clean fluid Gnder conditions of high fluid velocity, temperature and turbulence that are

higher than that experienced in normal service and that will pick up the particles from the surfacey and

transport them to a elean-up or flushing filter.

The RCL is psually-specified by the customer, but for the case where the RCL is not stated, Annex A

provides selection guidelines. Component suppliers shall be able to specify the cleanliness level of

their comporenrts1SO/TR 10949 and IS0 18413 specifyrmethodsof mml.mh'“g and-decumentny the
LA IV I U 1T AT 1IoVvU 10U T1IJ I A\ Yy ITICLIIUUD Ul v varuaacliil alrru u\}\,ulll\'ll\-lllj

cleanliness level.

5 Flushi

5.1

ng lines in a hydraulic system

Initial factors to consider

Some factors to be considered for the achievement of a satisfactory cleanliness level for lines in a
hydraulic system are:

a) thesele

ction of components that have been cleaned in accordance with ISO/TR 10949;

b) the initial cleanliness of the fitted lines;

© IS0 2020 - All rights reserved
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flushing level, see 3.2;

acceptable time period;

and transport them to the filters.

5.2

System layout

service or flushing fluid, which is cleaned to a level that, when added, is cleaner than the final

selection of suitable line-mounted filters that have a rating capable of achieving the RCL within an

the establishment of a high fluid velocity and turbulent flow regime that will pick up the particles

5.2.

Designers of hydraulic systems shall plan for system flushing in the design phase

withput circulation shall be avoided. If there is a risk of particulate contamination movingfr

end

5.2.2

:'2 the rest of the system, then the dead end shall be capable of being flushed out.

Circuits should preferably be connected in series as the fluid velocityoand Re of]

circufit can be calculated when the overall flow is given. Parallel connection‘ofline sectiong

accej

5.2.3
by hi

5.2.4

5.2.5
elem
filten

5.2.4
for p

5.3

Comj
systd
clear

NOTH
IS0/}
final

ptable provided that turbulent flow can be achieved, maintained and inonitored via flow

Components that can prevent a high flow velocity being achieved or that can themselves
bh velocities of particulate contamination shall be disconnectedfrom the circuit or by-pas

Sampling valves in accordance with ISO 4021 shall be'provided at strategic locationg.

The rating of any flushing filter shall be equal*to or finer than the rating of any &

. Dead ends
pm the dead

each single
however, is
 meters.

be damaged
sed.

uilt-in filter

ents, and any built-in filter shall be replaced for\flushing, if required. The original specified and new

s may be reinstated after flushing.

Connectors and conductors shall.be 'of uniform inside diameter to avoid trapping ¢
pssible release later. They shall also.be suitably sized to avoid large pressure losses.

Component cleanliness level

bonents and assemblieg that are fitted into the system shall be at least as clean as t
m cleanliness. Component suppliers should be able to give information regarding
liness levels.

The effect of component cleanliness on the whole system cleanliness level can be as
'R 10686. In.otder to estimate the component cleanliness level after flushing, in reciprocal §
cystem flushing level could be redefined to the individual cleanliness of each component of the

requires knewlédge of the whole system volume and each component of the system.

5.4

ny particles

he specified
component

sessed using
pproach, the
system. This

Anti-corrosion agents

If the components contain anti-corrosion agents that are not compatible with the flushing or system
fluid, the components shall be flushed before assembly using a degreasing agent that is compatible with
the intended system fluid. The degreasing agent shall not affect component seals. The degreasing agent

shall

be of a suitable cleanliness, ideally to the RCL selected.

6 Treatment of lines

6.1

Preparation of lines during fabrication

Tube or pipe to be used as a hydraulic line shall be deburred in accordance with procedures agreed
between the manufacturer and the user. Tubes or pipes with scale or corrosion shall be treated in
accordance with procedures agreed between the manufacturer and user.

© ISO

2020 - All rights reserved


https://standardsiso.com/api/?name=6250995a829c34baf502c5326bdafe8d

ISO 23309

6.2 Surfa

:2020(E)

ce treatment

To maintain cleanliness until installation, lines shall be treated with a suitable clean protection liquid
and be suitably capped immediately after treatment. Corrosion protection measures will be required
during storage.

6.3 Stora

ge of lines and connectors

Cleaned and surface-treated assembled lines and connectors shall be blanked off and capped
immediately with clean caps and shall be stored under dry controlled conditions. If this is not possible,
the assembled lines and connectors shall be protected against moisture, e.g. rain. If assembled lines and

connectors
be necessar

7 Install

7.1 Durin

prevent scaling. If this is not possible, the relevant lines shall be cleaned and.rfe=protected accordi

ISO/TR 109

7.2 Flangg
e.g. blankin
ISO/TR 109

8 Flushi

8.1 Flush

A project-sy
be flushed,
identified fI
service and
achieved, se|

8.2 Flush

A flushing p
criteria sha

if a port
that of 4

hre not stored under adequate conditions, additional cleaning and surface treatment]
.

ation of piping systems
b installation of piping systems, welding, soldering or heating the limes Shall be avoid

19.

s or approved connectors shall be used. All protection iterms fitted to lines and compon
b plugs and caps, shall be removed as late as possiblé in the installation procesg
19.

ng requirements

ing document

ecific document ('flushing document’) shall be produced to identify the lines that
in which order they shall be flashed and any additional equipment that is needed.
ishing line should also show, the highest flow rate the lines will be subjected to in ng
what the minimum flushifig flow rate should be. To record the cleanliness level t}
e 8.6.1. This shall be signed’by the customer and the system co-ordinator.

ing criteria

ocedure shalkbe adapted to suit the requirements of the system concerned. The follo
| be met tosenisure that a satisfactory result is obtained:

able flushing power pack is used, its reservoir shall be cleaned to a level at least mat
he specified system cleanliness, see Clause 4;

may

ed to
ng to

ents,
see

shall
Each
rmal
at is

wing

thing

ot be

the flui

H vcod ta fill the cuctom chall nace thranah 9 cuitahlo filtor coo Q6 2 A Air chall 1
—HSea—t0—+th—+ttRe-SYSte-SharPasSStR oI a-SttaprethtehSee-—e-o=6—AH-Sah

brought into the system during filling with hydraulic fluid. If necessary, the system shall be topped
up and re-bled;

piping s

ystems to minimise the flow resistance and pressure losses;

and to verify the flushing parameters;

may be used, see 8.4.2;

if additional pumping equipment is used, it shall be located as close as possible to the supply end of

hydraulic flow and temperature measuring devices shall be installed to monitor the flushing fluid

the flushing filter shall be located at the end of the circuit just before the reservoir. Additional filters

© IS0 2020 - All rights reserved
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— asampling valve for extracting samples or sample taps for the connection of field contamination
monitors shall be positioned at the end of the section being flushed in a line, before the reservoir,
or both.

8.3 Flushing parameters

8.3.1 To effectively flush particulate contamination from hydraulic lines, the system shall be subjected
to a combination of all the main flushing elements (a, b and c) at the same time.

a) Re shall be greater than that which exists in the system during operation or greater than 4 000,

wihichavaric hiachar:
eRever5SHEReH

b) The flow rate in the pipe lines should be at least 1,5 times the actual flow rate in servicg.
c) The oil temperature is greater than the minimum temperature likely to be experienced in service,

but should be at least 40 °C.
In prfactice, it is not always possible to achieve all of these parameters. In.the/event of a co:tflict, e.g. Re
can be achieved but the 1,5 times flow rate condition cannot, priority should be placed up¢n achieving
the highest possible Re.
The importance of these factors is shown in Annex C.
8.3.2 Reand the required flow rate (g,) can be calculated using Formulae (1) and (2):

21220x%
fe=""""% &)
vxd
dxRexv
q, =—" 2
V21220 (2)

whefe

q, 1isthe flow rate in L/min;

¥ is the kinematic viséosity at the flushing fluid temperature in mm?/s;

d isthe inside didameter of the line in mm.
If there is difficulty in obtaining Re greater than 4 000, Re should be raised by either feducing the
viscgsity or increasing the flow rate. Reduction of viscosity is the preferred method. Viscpsity can be
redufed by inCheasing the temperature or by using a compatible flushing fluid with a lower viscosity.
If the fluid"temperature is increased, the temperature rise shall be limited to ensure that the fluid
properties or the components are not adversely affected. If a special flushing fluid is ysed it shall
be cumﬁmwmw—mhwsﬁem fluid for

flushing or a lower viscosity grade of the same system fluid.

In a cold environment, the flushing fluid can suffer from heat loss. In such a case, in order to verify that
Re is greater than 4 000, the temperature of the fluid shall be measured at the estimated coldest point
of the system. Flushing shall only be accepted when the lowest temperature measured provides for Re
greater than 4 000 (consult the manufacturer's data for the viscosity and temperature of the relevant
flushing fluid). Under very cold conditions, the system shall be insulated to keep the temperature above
the minimum necessary to provide for Re greater than 4 000.

8.3.3 The use of vibration, high frequency sound, or a change in flow direction can contribute to a faster
removal of particles. This is a supplement and not an alternative to high velocity and turbulent flow.

© IS0 2020 - All rights reserved
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8.3.4 The pressure in the piping system shall be monitored to ensure that it does not exceed the

system's ma

ximum allowable working pressure.

8.4 Filters and separation of particles

8.4.1 General requirements

8.4.1.1 The filters used for flushing determine the final cleanliness level and the clean-up time.

84.1.2 C

oose 2 filter with the optimum filtration ratio If filters with a filtration ratio inadequa

Fe for

the applicat

is achieved 4

NOTE

The filtratio

8.4.1.3 Filters shall have a means to monitor blockage, e.g. a differential pressure indicator.

elements sh

of the filter {

8.4.2 Add

84.2.1 Ad

if comp
as close|

if prote
shall be

if partid
of that g

the flus

8.4.2.2 La
have a maxi]
valve or the

8.5 Moni

8.5.1 Opt

The time required and the effectiveness of flushing is determined by the filtration or,Beta Ratio
filter. The hig

on are used, situations can arise where the specified cleanliness level cannot be achiey
fter an extended flushing period.

her the Beta Ratio, the faster and more effective flushing is, see Annex B.

n ratio shall be determined in accordance with ISO 16889 (see B.2).

hll be replaced immediately on indication of the blockage indicator so that the effectivg
tlement is maintained.

itional external flushing filters

ditional filters can be required during the flushing process so that:

to the component as possible;

'tion is given to a component that is considered sensitive to particles, a non-bypass asse
used;

les released from the compoftent are captured, it shall be located immediately downst
omponent;

hing time is reduced,

rge flushing filtersshould be used when possible. The smallest acceptable flushing filter
mum pressure.drop through a clean element of no more than 5 % of the setting of the by
indicator, caleulated at the actual viscosity and maximum flow rate of the flushing fluid.

toring-the progress of flushing

ed or

bf the

Filter
Pness

bnents are protected from the ingress of particles, the filter shall be mounted upstream and

mbly

feam

shall
rpass

ions for monitoring

The progress of flushing shall be monitored by one of three methods:

a)

extracting samples of the fluid from the system being flushed in accordance with 8.5.2 and

analysing the samples for their cleanliness level using the methods described in ISO 16431. These
techniques shall be used for final certification of cleanliness, see 8.6.5;

b)

connecting an on-line particle counter or Particulate Contamination Monitor (PCM) to an approved

sampling point and analysing the fluid either continuously or periodically in accordance with
[SO 21018-1. This technique shall not be used for final certification of the cleanliness, unless agreed
with the customer;

© IS0 2020 - All rights reserved
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extracting a sample (8.5.2) preparing a filter membrane in accordance with ISO 4407 and assessing

the concentration of particles using an approved comparison membrane technique. PC
be used for final certification of the cleanliness unless agreed with the customer.

8.5.2 Sampling procedures

The samples taken from the system shall:

a)
b)
‘)
d)

use sampling valves that conform to ISO 4021;

be taken in accordance with ISO 4021 for offline analysis;

Ms shall not

ie taken in accordance with ISO 21018-1 for on-line analysis;

8.5.3 Minimum flushing time before oil samples are taken

a) The minimum required flushing time depends upon the capacity and\complexity of t
gystem. Even if fluid samples from the system indicate that the flushing cleanliness le
feached after only a short period of time, flushing at turbulent flow'shall continue.
INOTE1  Continued flushing increases the possibility of removing particles that can adhere to

b) The recommended minimum flushing time before samples are taken can be calc
Formula (3):

i 20xV
qy
whefe

¢ isthe flushing time before saniplés are taken, in min;

¢, isthe flow rate, in L/min;

v

I is the volume of the section being flushed, in L.

NOTH 2  Experience has-shown that the RCL is rarely achieved within the minimum flushing tiy

using Formula (3).

8.6

Flushing procedures

8.6.1 General

Subclduse 8.6.2 details a list of procedures that can be used for flushing but the actual proc

depe

e collected, using an in-line membrane holder, in accordance with the manufactirer's instructions.

he hydraulic
el has been

he line walls.

hlated from

3

ne calculated

edures used

be used to draw up a flushing document, see 8.1.

8.6.2 Preliminary stages

a)
b)

‘)
d)

review the flushing plan, see 8.2 for the need for changes in the procedure;

nd upon the system being flushed and the requirements of the customer. T'hese procedures shall

if required, fit any ancillary equipment and either remove or bypass any sensitive equipment. Fit

filters of the correct rating as required, see 8.4.1.2;

fill with hydraulic or flushing fluid dispensed through a filling filter, see 8.2;

bleed the system of air, see 8.2, starting the system momentarily if necessary.
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8.6.3 Stage 1 — Flushing at low pressure

Flush the system at the lowest pressure in the following manner:

ated

ceed

then

ment

hould

a) startthe system at the lowest possible pressure with all filters in circuit and run up to the required
temperature. Add additional fluid and bleed as required;

b) start flushing the first line section in the flushing plan for the minimum time determined using
8.5.2 for that section. Operate components during this period if required. Verify the fluid flow rate,
temperature and Re values;

c) atthe end of this period determine the cleanliness level of the fluid using one of the methods s
in 8.6.1;

d) ifthe contamination level is above the flushing level, repeat 8.6.3 b) as required, otherwise prq
to 8.6.3|e);

e) if it is dleaner than the flushing level, confirm this by analysing at least one_other sample,
proceed to the next section in the flushing document;

f) repeat §.6.3 b) to 8.6.3 €) for all other sections;

g) when the first stage is complete, stop the system, remove any low/pressure ancillary equip
and go fo 8.6.4.

8.6.4 Stage 2 — Flushing at higher pressures

Flush the syjstem at higher pressures in the following manner:

a) restartthe system and increase the pressure slowlyto 30 % of its operating pressure;

b) repeat§.6.3 b) to 8.6.3 f) as required.

NOTE The flushing time and frequency of sampling could be less than used previously as the system s

be cleaner.

8.6.5 \Verlification of final cleanliness’level

The measur]

9 Identi

Manufactur
in their cat
Hydraulic f1Y

ement of the final cleanliness shall be determined in accordance with 8.6.1.

fication statement (reference to this document)

ers who have chosen to conform to this document, should use the following state
hlogues,\sales literature, test sheets and flushing plans: "In accordance with ISO 2]
id power systems — Assembled systems — Methods of cleaning lines by flushing.”

ment
8309,
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Annex A
(informative)

Guidelines for obtaining the Required Cleanliness Level (RCL) for

a system

A1l

For 3

relia
optid

a) 4

1

b) 1

A2

The

the s
divid
a)
b) ¢

c) life expectancy required;

d) t
e)

f) 1

Ibecause it should give an RCL that is more relevant to a specific user.

General

ns for its determination:
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he method described in A.2 involves consideration of more<{parameters. Its use is re

Comprehensive method — ISO 12669

ystem which are influenced by the level of\particulate contamination. These paramef]
ed into levels of severity, for which a weighting (score) is given:

perating pressure and duty cycle;

omponent sensitivity to particulate contaminant;

otal cost of component replacement;
ost of downtime;

isk or safetyrequirements.

The yiser systematically examines each of these parameters and selects the condition that be
the system_and the user's requirements. A weighting is assigned to each selected conditio
summmated'into a system weighting which is then used to select the RCL from ISO 12669:20

system, the RCL is the cleanliness level that the customer requires for their system gnd it should
be specified by that customer. It should be based upon the system's contaminant)sensiti

ity and the

bility that the user requires, and be system specific. If this is not supplied, then there are two

| comprehensive method using ISO 12669 (see A.2) where the RClL;iS based upon thle individual

commended

basis of this method is the identification of six operational characteristics or requirements for

ers are sub-

st describes
n and this is
17, Figure 1.

A.3 Recommendations based upon component cleanliness requirements

A.3.1 General

These recommendations are based upon RCL that were typical of those systems experiencing the
tabulated conditions seen in Table A.1. The user defines which conditions of sensitivity to particulate
contamination and operating pressure level closely reflect those of the system where the RCL is
required, then selects the RCL. The RCL selected should be agreed between the supplier and customer.
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A.3.2 Applications that can require high system cleanliness levels

Typical applications requiring high cleanliness levels are:

A.3.3 App

Using Tablg
resembles tl

from ISO 12

NOTE T{e RCL in Table A.1 has been derived usitig’ sample bottles and can differ from the RCL d¢
inclusion of e

10

systems where high reliability is the controlling factor;

systems with proportional valves or servo-valves;

systems with flow control and pressure-reducing valves that meter small quantities of fluid,
particularly when subjected to high pressure drops;

systems with hydraulic motors or pumps operating near their maximum ratings;

systemg requiring a high life expectancy.

lications that can require medium system cleanliness levels

A.1, select the operating pressure and system cleanliness requirement that cl
e system where the RCL is required and read off the RCL.

Table A.1 — Guidelines for fluid cleanliness levels in operating
systems for meeting high and medium cleanliness requirements

System operating

Minimum system fluid-¢cleanliness
requirement expressed In accordance

pressure with ISQ 4406
High Medium
<16 MPa (160 bar) 17/15/12 19/17/14
>16 MPa (160 bar) 16/14/11 18/16/13

69 which uses on-line analysis. This is diie to the use of sample bottles that can cause errors |
traneous particles in the sample, seeB-1.
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Annex B
(informative)

Factors influencing the effectiveness and duration of flushing

Process factors affecting the effectiveness of flushing

pffectiveness of flushing and, consequently, the flushing time, is affected by a numb#4
of which are identified below, together with brief comments regarding ways of-improj
ency:

lppropriate means of monitoring: the method selected depends upon therindividual r¢
ind preferences, and also the RCL. If a clean RCL is specified (for example;{16/14/11) in
vith ISO 4406, then on-line monitoring is recommended as analysis using sample
ignificantly extend the flushing time due to the errors that are inherent with this progd

golvency of flushing fluid: the solvency can break thechemical bond between the

gurface, which can be improved by increasing the temperature of the fluid (this also i
gee 8.3) and by using a detergent-based flushing fluid, see Annex C;

o et oy o

igh fluid velocity and turbulent mixing conditions: to more effectively pick up and
articles from the component surfaces;

high efficiency filter, see B.2;

N

§trategic placement of additional filters: te stop contaminant particles flushed from ong
generating further particles in another component;

q

gystematic approach to flushing: generally flushing the 'dirtiest’ components first a
e¢xpensive last.

The effect of filter'rating on flushing time

Fating of the flushing filter is one of the most important factors governing the time
next componént’where it can generate more particles through the 'regenerative we

igh the filter is directly proportional to the filtration or Beta Ratio of the filter. Th
Ratjojthe cleaner the effluent fluid. This is illustrated in Figure B.1 which shows the e

r of factors,
ying process

bquirements
accordance
bottles can
ess;

remove the

particle and

ncreases Re,

P component

hd the most

it takes and

ie efficiency offlushing. It controls the concentration of particles passed downstrean, hence into

ar' process.

increase ingparticles will extend the flushing time, see Clause 4. The amount of particles passing

b higher the
fect of filter

ratin|g enthe relative clean-up time of three filters of different ratings.

The data shown in Figure B.1 was obtained in a re-circulatory test stand using ISO Medium Test Dust
(ISO MTD) and should be considered as the best possible for the following reasons:

— particle distribution in the system: the multi-pass test stands are designed to promote '100 %'
mixing and any unevenness in the distribution of particles leads to a change in the relative flushing

time. Generally, the finer the distribution, the longer the removal time and vice versa;

particle size and shape: the particles in ISO MTD are generally regularly shaped whe

reas system

particles tend to be acicular (long and thin), and the smaller ones can penetrate through the filter.

This can extend the flushing time;
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slow release of particles: the surfaces of components should be viewed as separate 'generators' of
contaminant, each with a separate release factor. Thus, the release rate might not be regular and
usually results in an extension in flushing time. For this reason, '20 passes' through a section before
sampling is recommended (see 8.5.2) and not a shorter 'theoretical' time that is sometimes used;

presence of circuit conditions: affects how thefilter performsas pressureripple, surges and increased
differential pressure can reduce the filter's effectiveness. It is affected by both the severity of the
unsteady condition and the structure of the filter.
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Figure B:1 — Effect of filter rating on flushing time
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Annex C
(informative)

Identification and relationship between the main flushing

requirements
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hydraulic system is generally at its most vulnerable when it first starts up because it
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particles that are residual from the components manufacturing processes and added when a complete
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m is being assembled with inter-connecting components such as hoseyand tube
rially when the assemblies include some form of fabrication process. Thé)passage of thd

bs regenerative wear in the system. The net result is substantial wear to the system ir
F time which will significantly reduce the component's life, causetunreliability and, per
trophic failure. To reduce the potential for this type of damage, Systems are 'flushed".

Requirements for effective flushing

| General

main requirements for flushing are to hawge*flow conditions in relation to high fl
ilence and temperature so that it picks upithe particles from the walls of the compo
nd keeps them in suspension whilst trahsporting them to the flushing or clean-up filte
move all of the residual particles at the-flushing stage so that they are not released in s¢
ow force and conditions in flushinigshall be higher than is seen in service, otherwise tl

e are a number of requirements for flushing, some of which are dependent upon othe
etailed below:

. Flow condition

flow condition shall be 'turbulent' rather than 'laminar' or 'stream-lined'. With lamin
e C.1) the velocity profile is parabolic, i.e. it is zero at the pipe wall and increases to
e centre of the pipe. The velocity, hence the flow force, will be reduced close to the pip4g

of the particles are and the flow force may not be sufficient to disturb the particles fj
nor keep them in suspension. When the flow is 'turbulent’ (Figure C.2) the flow direc

assemblies,
se particles,

1gh the system at start-up, will cause substantial amounts of weaf and damage whiich, in turn,
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haps, even a

hid velocity,
nents, pipes,
r. The aim is
brvice. Thus,
ey may not.

s, and these

ar flow (see
a maximum
wall where
om the pipe
tion is more

pnrand the velocity is more uniform across the pipe, so that particles are more likely

susp

o be kept in

priSion within the flow stream. Although the velocity at the pipe wall is still zero in the boundary

layer, the velocity gradient is much higher than it is with laminar flow and the flow forces closer to the

pipe
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Figure C.1 — Laminar flow
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%Q?“ Figure C.2 — Turbulent flow

The flow condi YES defined by the Re that exists in the stream and this is the ratio of the inertial force
to the visco i :

— velocity (v);
— inside pipe diameter (d);
— kinematic viscosity of the fluid (v).

The value of Re, where the flow becomes turbulent, varies and is dependent upon both the attributes of
the piping system and the flow, but is guaranteed when the Re is >4 000. Hence, the use of this value in
the majority of flushing documents.
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