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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.

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an expllanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessmgnt,
as well as|information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www:iso.org/iso/foreword.html.

The comnpittee responsible for this document is ISO/TC 156, Corrosion of metals and alloys.
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Introduction

Particle-free erosion corrosion is a major problem in industries handling liquids flowing rapidly that
are corrosive especially at high temperatures and high pressures. This mode of corrosion usually leads
to rapid metal loss with possibly catastrophic consequences. In order to prevent, mitigate and control
the problems, it is important to determine the resistance to corrosion of materials accurately. This may
be achieved by the use of test methods reproducing a specific mode of erosion corrosion.
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Corrosion of metals and alloys — Guidelines for the
selection of methods for particle-free erosion corrosion
testing in flowing liquids

1 _Scope

ThIis Technical Report provides information on the erosion corrosion test of materials in“sin
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wing liquids and guidance for selection of test methods.

Normative references

ispensable for its application. For dated references, only the edition cited applies. Fo

Tlae following documents, in whole or in part, are normatively referenced in this documer

8044, Corrosion of metals and alloys — Basic terms and definjtions

Terms and definitions
" the purposes of this document, the terms and definitions given in ISO 8044 and the follow
hsion

gressive loss of original material from a-solid surface due to mechanical interaction be
face and a fluid, a multicomponent fluid,’or impinging liquid or solid particles

psion corrosion
pcess involving conjoint corrdsion and erosion

particle free erosion corrosion
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Principles

erences, the latest edition of the referenced document (including afiy-dmendments) applies.
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ing apply.

f'ween the

bsion. The

Erosion corrosion describes the mechanical removal of metals leading to enhanced corr
cess is synergistic in the sense that the localized loss of material can create additional turb

tha

lent flow

t-encourages further film removal or even prevents its formation. The conditions in whi¢h erosion

corrosion occurs will be a sensitive function of the application but there are a range of laboratory test
methods that have been developed to simulate typical service applications and can provide a basis for
assessing the relative susceptibility of materials to damage development.

4.2 Erosion corrosion test is conducted either by setting up a uniform flow velocity distribution or
by inducing different flow velocities or different rates of corrosion over the surface of test specimen. In
the former, corrosion damage increases as the flow velocity of liquid increases, while in the latter, the
damage increases as the difference in the corrosion rates becomes larger.
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5 Test methods
5.1 Tests for uniform corrosion

5.1.1 Rotating cylinder test

This test uses a cylinder-shaped specimen insulated at the top and bottom end (see Figure 1). The
cylindrical surface is the test surface. It is attached with a shaft at the top end with which it is rotated
around the longltudlnal axis 1n test solutlon The radlus of the Cyllnder may be Chosen freely, but needs
to be congtahn e g : :

effect of f

Figure 1 — Rotating cylinder test

5.1.2 Testin a pipe or channel

D

The flat glate §pecimen installed in the pipe line (the hatched part, upper in Figure 2) and the tpst
specimens embedded in the wall of the duct (the hatched part lower in 1gure 2) are also used for

investigaty s s
embedded in the wall of the duct is advantageous over the pipe. However the former has some

difficulties in setting the specimen precisely flat with the duct wall.

2 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=1a8274efc9ff73cd5a3f1400241c0683

ISO/TR 16203:

B oS I

5.]

5.4

In
ve
su
ma
dis
the
thd

____7///////__“_

Figure 2 — Test in a pipe or channel with specima&glrfaces parallel to the flow dir
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P Tests for localized corrosion \\S\

N

.1 Rotating disc test A’\Q)

this method, a circular disc with c \érably smaller thickness is rotated horizontally a
rtical shaft which is attached vertically at the centre (see Figure 3). The test surface is the

in reason why the localizedcorrosion of erosion corrosion type can be developed in th
c unlike in the rotating cylinder test. However, the distribution of flow velocity may deviat
boretical calculation be€ause the circumferential flow through the disc rotation is overla
 radial secondary fl@as is shown in Figure 3 with the curved arrows.

face of the disc over which the flow velocity distribution is not uniform but distributed.
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©

Figure 3 — Rotating disc test

5.2.2 Testin a pipe or channel with changes in flow cross section

A water funnel with sudden convergence and divergence.in the cross section of liquid flow (see
Figure 4) fis used to produce the localized corrosion of differential flow-velocity corrosion type on the
inside surfface of the tunnel wall, which is essentially the\test surface. Stagnant volume of fluid or fixed
vortexes may be built at the downstream of the boufidary layer separation points, which are usudlly
located af the corner tips where the cross section~of flow changes suddenly (the thin hatched part
in Figure |4). Therefore, the flow velocity distribution is not uniform along the flow axis, unlike that
without change in the flow cross section, anddocalized corrosion occurs in this test.
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Figure 4 — Test in flow tunnel with sudden convergence and divergence

5.2.3 Jetimpingement test

This test uses three types of jets: free jet; submerged jet; and jet-in-slit (see Figure 5). The free jet is used
in conventional impingement tests, where the liquid jet strikes at a right angle to the specimen surface
in the air. The submerged jet is a jet submerged in solution. The jet injected into a narrow gap has been
named as jet-in-slit. Typically, the inside diameter of the nozzle is 1,6 mm; the gap between the nozzle
top end and the specimen is 0,8 mm; and the flow rate of the test liquid is 0,4 1/min. At this flow rate, the
fluid velocity at the nozzle outlet is around 3,3 m/s, and the Reynolds number at that point is 8 100.
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Figure 5 — Impinging jets used to evaluate localized corrosion

6 | Guidelines
6.1 General guidelines

6.1.1 In selecting test methods, it is necessary to decide which mode of corrosion is interjded to be
produced: uniform corrosion or localized corrosion. For"the latter especially, factors should pe chosen
that produce the difference in corrosion rates over.thi€ specimen surface, i.e. shear force, turbulence in
the¢ flow, flow velocity difference, fixed vortex or active/passive states.

6.1.2 The flow conditions over the specimen surface should be clearly verified, irrespective jof the test
mgthod chosen.

6.1.3 It is important to reprodude the wall shear stress in the practical applications at the|specimen
sufface as closely as possible.

For the rotating disc methed-wse Formula (1):

Ows = 6,302upwRe-03 (0

For the rotatingcylinder method use Formula (2):

ows = 0079 1pw? r2Re-03 (2)

Fof thesimpinging jet method use Formula (3):

ows = 0,044 7pup2Re-0-182 (x/djer) 2 (3)

For the flow channel method use Formula (4):

ows = d(AP/AL) /4 4)

where

© IS0 2016 - All rights reserved 5
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Ows is wall shear stress, measured in Pa;

w is angular velocity, measured in radian/sec;

P is the solution density, measured in kg m-3;

u is the kinetic viscosity of the solution, measured in m2 s-1;
Re is the Reynolds number;

r istheradiusof rotating F}rlihdnr, measuredinm;

djet is the inner diameter of the jet nozzle, measured in m;

uo is the fluid velocity at the front of the jet nozzle, measured in m s-1;
X is the radial distance from the jet nozzle centre line, measured in m;
AP is the pressure drop;

AL is the length of the pipe;

d is the diameter.
6.1.4 Spgecimens should be insulated from the holder to avoid galvaryic corrosion.

6.1.5 THe test set-up, which can accommodate multiple specimens in the same run, is conveniently
used for cpmparative tests of materials. Specimen should besmall in weight but large in surface areq to
determing the amount of damage so that even a small loss can be measured, and it is possible to shorfen
the testing time. A specimen with a flat surface is recominended not only for easy surface finishing before
test but also for observations after test.

1)

6.1.6 THhe rate of damage in wall thinningxate or in penetration rate with the dimension of (mm h
is useful.

6.2 Applications and limitations of tests

Applicatigns and limitations of €éach test methods for particle-free erosion corrosion in flowing liqujds
are listed|[in Table 1.
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