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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The test is intended to be, as far as practicable, representative of a potential accidental pressurized
release of cryogenic liquid natural gas (LNG) manufactured in industrial plants. The test includes:

a) aninitial enhanced cooling effect due to the momentum driven liquid contact with the substrate;
b) alocalized force that may be expected in a cryogenic jet release.

This test is designed to give an indication of how cryogenic spill protection systems will perform when
Sub actad o o cradday S oo o 1ot ol o

CCTC O tO T SOOI CT y USCTITC T T CTICTrSTY

Thg dimensions of the test specimen might be smaller than typical items of structure.and| plant. The
liquid cryogenic jet mass flow rates can be substantially less than that which might 6¢cur i a credible
evenht. However, the thermal and mechanical loads imparted to the cryogenic spill protectipn systems
from the cryogenic jet release, described in this document, are representative)0f a cryogehic LNG jet
reldase with hole size 20 mm or less and release pressure less than or equal t0.6 barg.
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Determination of the resistance to cryogenic spillage of
insulation materials —

Part 3:
Jet release

CAUTION — The attention of all persons concerned with managing and carrying out|cryogenic
spill tests is drawn to the fact that liquid nitrogen testing can be hazardous and that there is a
danger of condensing liquid oxygen (fire/explosion), receiving a ‘cold burn’ and/or the possibility
that harmful gases (risk of anoxia) can be evolved during the test. Mechanical and operational

ha

ards can also arise during the construction of the test elements or structures, their testing

and disposal of test residues. An assessment of all potential hazards @nd risks to h¢alth shall
be made and safety precautions identified and provided. Appropriate training and Personal
Prgtection Equipment shall be given to relevant personnel. The testlaboratory is respgnsible for

co
niti

1
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cry
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liqu
cry
cry

Although the test uses liquid nitrogen as the cryogenic liquid, the test described in thig

isr
or |
rep
inc

It ig

plamt conditions; in particular the test does not cover high pressure cryogenic jet releases th

fou

ducting an appropriate risk assessment in order to consider the impact of liquid an
ogen exposure to equipment, personnel and the environment.

Scope

5 document describes a method for determining,the resistance of a cryogenic spill
P) system to a cryogenic jet as a result of a pressurized release which does not result in
ditions. It is applicable where CSP systems arelinstalled on carbon steel and will be in ¢
pgenic fluids.

'yogenic jet can be formed upon releasgfrom process equipment operating at pressurg
efaction processes utilize 40 to 60-bar operating pressure). Due to high pressure dis
bgenic spillage protection can be ¢compromised by the large momentum combined wi
bgenic temperature.

bpresentative of a release of LNG, through a 20 mm orifice or less, at a release pressur
ess, based upon simtlated parameters 1 m from the release point. Confidence in this
resentative is basedipon a comparison of the expected dynamic pressure of the simula
bmparison with'dynamic pressure from releases in accordance with this document.

not practicdl in this test to cover the whole range of cryogenic process conditions fo

\d in réfrigeration circuits and in LNG streams immediately post-liquefaction.

Liq

d gaseous

protection
immersion
ntact with

(e.g. some
Charge, the
h extreme

document
e of 6 barg
test being
ked release

ind in real
ht might be

idnitrogen is used as the cryogenic medium due to the ability to safely handle the material at the
pre!: 1 SherHthtsd i Friomr rertio-a+ .

[SO 20088-1 covers cryogenic release scenarios which can lead to pooling conditions for steel work
protected by cryogenic spill protection as a result of a jet release or low pressure release of LNG or
liquid nitrogen. ISO 20088-2 covers vapour phase exposure conditions as a result of a jet release or low
pressure release of LNG or liquid nitrogen.

2 Normative references

There are no normative references in this document.
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3 Term

s and definitions

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

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

31

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

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

cryogenicjetrelease

unintende

3.2
cryogenic
CSP
coating or

exposure to cryogenic liquid as a result of a pressurized release

spill protection

rladding arrangement, or free-standing system which, in the event of a cryogenic jet rele

will provide insulation to restrict the heat transfer rate from the substrate

3.3
limiting te
minimum 4

3.4
nozzle
assembly f]

3.5
sponsor
person or (

3.6
specimen
person or (

mperature
emperature that the equipment, assembly or structure to be protected may be allowed to r¢

Ffom which the cryogenic liquid is released as a jet

rganization that requests a test

owner
ompany that holds/produces a material to test

4 Test ¢onfigurations

4.1 Gen

The config
height on s
cryogenic

outside, ur]
nitrogen sa

bral

uration under{which the test is conducted is where the specimen is placed horizonta

11
uitable supperts. The test piece is impacted at the mid-point by a horizontal liquid nitr{{:gen

et releagey,\Due to safety concerns, it is proposed that the test should only be perfor
less there’are sufficient safeguards implemented to mitigate the confined space and lic
fety risks.

ase,

ach

at

ed
juid

5 Construction of the test apparatus and substrates

5.1 General

The key items required for the test are:

— anozzle and cryogenic liquid feeder assembly where the temperature and pressure of the liquid can
be measured at the point the liquid enters the reducing diameter pipe to the nozzle;

via a pump to generate the required stable pressure at the nozzle;

a carbon steel specimen protected with CSP;

liquid nitrogen of sufficient volume for the test duration supplied from a tanker capable of offload

© ISO 2018 - All rights reserved
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— thermocouples to determine the temperature as a function of time in the steel specimen.

5.2

Material

The steel grade used for the test is to be recorded. Where welded plate girders are used, construction is
to be representative of the as-built structure. All dimensions are in millimetres and, unless otherwise
stated, the following tolerances shall be used:

whole number + 1,0 mm;

decimal to point,0 + 0,4 mm;

Tes
or

(inc
oth

5.3

5.3

Liqlid nitrogen is released towards the specimen from a nozzle as shown in Figure 1. The 1

be

out
The
noz
red

decimal to point,00 * 0,02 mm;
angles £ 0’ 30%;
radius + 0,4 mm.

specimens shall include as a minimum a beam of designation 406(imm x 178 mm

luding the cryogenic spill protection material). All test specimens-are to be 2,5 m in le
brwise agreed by the sponsor.

Release nozzle

1 Nozzle construction

bf length (150 = 1,0) mm, constructed fromi10 mm nominal diameter stainless stee

nozzle shall not be tapered and the end shall be clean cut with no chamfering of pipe
zle is fed with liquid nitrogen from /52,5 mm diameter schedule 40 stainless steel pip
icing in internal diameter to 10 mit-6ver a length of 200 mm to 250 mm.

bide diameter of 20 mm to 30 mm, -0,5/+0,5\mm giving a wall thickness between 5 mm &

x 60 kg/m
fubular specimen of wall thickness 6,3 mm and outer diameter between 270 mm arIl 350 mm

gth unless

ozzle shall
pipe with
nd 10 mm.
walls. The
e gradually
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Dimensions in millimetres
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1 2 o
! S §
__ 250 e 150 N
Key
1 welds
2 slip-on flange
3 reducinig section
4  buttweld
5 straight-sided nozzle
Figure 1 — Feed pipe and nozzle construction with a nozzle of 10 mm wall thickness
5.3.2 Nozzle position
The nozzld shall be positioned horizontally in\front of the test specimen, focussed at the centre p
such that t

measurem
point of th
located (5(

5.4 Speq

A generic s
from a ma

e tubular (DFT measurement point 3) as shown in Figure 4. The tip of the nozzle sha
0 + 10) mm from the priotected surface of the test specimen as shown in Figure 2.

imen support

upport shallhewised to hold and support the test specimen. The support shall be fabric:

ensure pr

Ferial resistant to cryogenic temperatures. It is the responsibility of the test laborator
er design/of such an item and to ensure that pool formation of cryogenic liquid cannot o

and come In contact with the sample (for tubular specimens, no liquid should be allowed to enter
inside of the specimen). An example is given in Figure 2 with more detailed figures showing the ovg
test confighration in Annex B.

he cryogenic jet release impacts.normal to the web of the beam [dry film thickness (TT)
|

Dint

ent point 7] or normal to a tangent drawn where the radius of the tube intersects the ceptre

be

ted
y to
cur
the
rall
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Dimensions in millimetres
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a) Beam configuration (side view — includingenvironmental chamber)
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b) Pipe configuration (side view — including environmental chamber)

Key

environmental chamber

release nozzle (8 + 0,8) barg (average pressure *standard deviation)
specimen (beam shown)

specimen (and recirculation and protective chambers) supports
recirculation chamber (insulated on back surface)

protective chamber (support and stability)

N O U W e

specimen (tubular shown)

Figure 2 — Example of specimen support and side view configuration
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5.5 Recirculation chamber

A recirculation chamber as shown in Figure 3 shall be placed behind the specimen to provide the means
to standardize the atmospheric test environment. Insulation board (U Value maximum 1,25 W/mZ2.K) is
to be affixed to the rear of the recirculation chamber. To provide extra support and stability, a steel box
is to be attached to the rear of the recirculation chamber as shown in Figure 2 (refer to ISO 22899-1).

Dimensions in millimetres

1620 250 250
| 400 | 385 _|. 385 _|. 400 _|
9 A Ll
y L& ' @J
A _.“_D 3 I o ] o i o
Li .
A
o [3e]
([ AN ; SR
r'y N1 N
— )y
Li .
A
s !
v Y. | Yv vy
A |
I 500 —»fe— 10
- 1500 ~ a A-A
_ 1520 _
R25
MZZ
o
0 I 2
RS 3
O
k3 }4_150_.{ 4
X
a Thirteen holes drilled @18.
Fignrp 3 — Recirculation chamber

6 Cryogenic spill protection materials

6.1 General

CSP systems generally come in two forms; wet applied materials/coatings and preformed systems.
Preformed systems include boards, tiles, blankets, sandwich panels, etc., and are characterized by
systems that include joints and fixings. Preformed systems may be used in conjunction with wet applied
materials.

6 © ISO 2018 - All rights reserved
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The application/installation methodology, including any necessary surface preparation, reinforcement,
thickness, top-coats, field joints, etc., is to be determined by the sponsor and/or specimen owner and
details provided for inclusion within the test report.

The thickness for sprayed applied systems shall be measured as close as practicable to the positions
identified in Figure 4, avoiding readings directly over thermocouples wires which may give false
readings. For preformed systems, thicknesses shall be measured for the system components at
locations on the specimen corresponding to those shown in Figure 4. If there are clear signs of thinning
or thickening at positions away from those indicated for measurement, additional measurements
should be taken and reported.

© ISO 2018 - All rights reserved 7
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Dimensions in millimetres
2500

A

Y

i‘ 300 -=|=- 300 + 300+ 300 ‘1|
2 TR
|’
I15 14 16J {8 1Z 1é 2.,1 29 22 2:1: 2% .25 2v7 26I
¢ 3 %x30 6F33 I\ 9 %k36 12 4¥39 :
1:2 4—vl '_43 4;5 1:4 4—6_t 48,47 '_49_| 51 50 '_52 54 53
14 17 20 23 26
B 16 19 22 25 a
15 18 21 24 27
2 5 8 11
B A 1 4 7 10 13 b
L ] 3 6 9 12
AllC 41 44 47 50 53
D 43 46 49 52 c
42 45 48 51 54
1 1
D 29 32 35 38
C 28 31 34 37 40 d
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a) Beam DFT measurement locations
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2500
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b) Tubular DFT measurement locations

Key

1 regirculation chamber

2 beam sample

3 pipesampie

a Top.

b Exposed face.

c Bottom.

d Unexposed face.

e Centre line.

f Exposed face centre line.
g Unexposed face centre line.

Figure 4 — Thickness measurement points for I section testing and hollow section testing
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6.2 Wet applied coating systems

For CSP systems/materials that are wet applied as coatings, the CSP systems/materials should be

appliedint

he same manner as will be used in service.

6.3 Preformed system testing

For preformed systems, the system shall also be installed in the same manner as will be used in service.

The method of installing the system shall include representative joints, fixings and wet applied material

interface details. A minimum of two joints should be included as follows:

1) one joint located over thermocouples: 11-17 (I section) 9-12 (pipe) as shown in Figure 5;

2) one or|two joints located over thermocouples: 3, 8, 14, 20, 25 (I section) 2, 4, 6, 8, 10, 12, 14
18, 20|(pipe) as shown in Figure 5. Where one joint is used this shall be directly@xposed to
cryoggnic jet.

Joints shoy
specimen ¢

7 Instri

7.1 Gen

Thermoco
one of the

Readings s

7.2 The

Thermocotiples are positioned as shown in(Figure 5.

8 Test environment

The test sH
conditions

The test sh
affect the 4

the av
(23 £ 3

himentation for test specimens

bral

Eles shall be fastened to all test specimens. The type and fixing shall be in accordance

hall be recorded at intervals of not more than1 s.

rmocouple location

ld be tested, either in a single test or separate tests as determined byithe sponsor and
whner, ensuring the details are representative in accordance with Clause 10.

ethods described in Annex A.

all be preferably operated outdoor. If curing and conditioning is conducted under diffe
it shall be clearly'stated in the test report.

all be carried)out in an environment in which the effects of the weather do not significa
est and thelfellowing conditions apply:

16,
the

| /or

vith

fent

htly

brage. temperature of the steel to be protected by the CSP material prior to testing shalll be

) °@.at the beginning of the test;

outdo

T TeMperature siatt be Withim a range from F10°Cto F20-°C1f o environmentar cha

ber

around the testing piece is to be utilized [otherwise an environmental chamber (3-sided plastic
tunnel) is to be attached to the recirculation box with a length of 3 m in accordance with Annex B];

outdoor relative humidity less than 60 % [otherwise an environmental chamber (3-sided plastic

tunnel) is to be attached to the recirculation box with a length of 3 m in accordance with Annex B];

10

no direct sunlight exposure;

no direct exposure to atmospheric precipitation (includes rain, snow, sleet, hail).
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Dimensions in millimetres
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a) Beam thermocouple configuration
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3 pipe §

9 Test procedure

A liquid ni
and a liqui
described {

It is the re
duration o

The test pr

a) The te

specinen, protected with CSP, from the start-of‘the test (e.g. provide a deflector plate or no

until t}

b) Pressy
tempe
the log
interv

c) The sy
practiq

d) Photog
e) The th
verifie

e — ]
17 16 15 12579

c) Orientation of jet with thermocouples at impingement location

ulation chamber

sample
ample

Figure 5 — Thermocouple locations for beams and tubular specimens

[rogen jet is released through a 10 mm orifice at a steady pressure between (8 + 0,8) I
 temperature less than -170 °C (measured at the point liquid ‘exits the schedule 40 pip
n Figure 1) impinging a test object placed 500 mm from thécryogenic jet release.

ponsibility of the test laboratory to ensure test parameters are maintained throughout]
the test.

ocedure shall include the following.

st set-up should ensure that only the intéfided cryogenic jet release impinges the §

ne liquid jet stabilizes with the required-test parameters).

re and temperature readings @at\the nozzle are to be taken throughout the test.

ations of any sudden drop<n‘temperature. The measurements are to be taken at every
1.

ecimen owner shall(provide the specimen for the test in a condition representative o

raphs shall-be taken of the test specimen before the test.

ickness-of the CSP as well as the outer dimensions of the CSP system/assembly shal
d by the independent testing laboratory prior to commencement of the test.

arg
P as

the

teel

vzle

The

rature of the protected steel substrate is to be monitored throughout the test taking note of

1s

[ its

al application. Specifically the test should feature the proposed joint geometry for preformed
systenps as describedAin6.3.

be

£irlo Lol 3

f) Obser

£ioa Lall bao o wdad £ ilonif - dato:l waf ot oo HP e |
aCTOTTS—STrarT ot T CCOTOCU UT ST ICATTIC TS OT crrc~otTravouT UT crrCc tCS T SPCCITeIT oo

Fing

the test and after the cryogenic jet release impingement ceases. Information on deformation or
partial removal of the surface or cracking shall be noted.

g) Photographs of the test specimen shall be taken as soon as is practicable after the end of the test to
reflect the observations made in point f). These photographs shall be included in the test report.

h) Provision should be made that a sample can be inspected within 5 min after termination of the test.
Sample access time should be recorded.

12
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Repeatability and reproducibility

The test method described in this document is expected to be repeatable and reproducible between
test laboratories. It is the responsibility of the specimen owner to demonstrate that the test results of
the sample(s) are representative of their CSP system including any joints and fixing details as well as
the applicability to the specific structures to be protected.

11

Uncertainty of measurement

The overall uncertainty of the measurements shall be within the limits listed below. This shall

include the uncertainty of the measuring sensors and logging system. Calibration testing

ale
intq

Tenpperature £5 °C or +2 %, whichever is greater.

Pre

12
The

d)

f)

g)

ssure 0,1 barg or 2 %, whichever is greater.

Test report
test report shall include the following information.

The name of the testing laboratory, the date of the<test, a unique test reference
identification.

The name(s) of the sponsor, the manufacturer andthe product.

Documentation on how and when the test specimen was prepared, details of the applic

shall show

vel of confidence of at least 95 % with respect to known reference points and shall betraceable to
rnational standards.

hnd report

htion of the

CSP material (e.g. environmental temperatéire and humidity during application), the name of the

application/installation company, if appropriate.

A complete description of the test specimen, including measurements of the thickness of cryogenic

spill protection material and the hardness, if measured; the mean, standard deviation a
measurements of thickness should be given as well as details of any joint (if applicable) e
type, size of overlap and method of fixing.

Construction drawings.of the CSP system wherever possible.

hd range of
g. position,

When appropriaté;details of any deviations from the normal test configurations and the reasons

for them.

A record of test details and post cryogenic exposure characterization including:

1) ambiént conditions (e.g. air temperature, relative humidity, wind speed and directidn);

2} “temperature and pressure at the nozzle;

3) temperature of sample;

4) for assemblies, a full inspection following the test to validate construction details
CSP performance (the assembly should be dismantled so that all components of the

and assess
system can

be checked for cryogenic penetration, integrity and general condition and a visual record made);

5) the testresult, given in the format
— the appearance of the test specimen before and after the test and photographs,
— the behaviour of the test specimen in case of cracking and/or unusual sound,

— loss of CSP thickness,
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— surface cracks,

— temperature/time graphs and spreadsheets of temperatures at no less than 30 s intervals
for each thermocouple,

— temperature and pressure graphs at nozzle,
— temperature/time for each individual thermocouples, and

— anoptional classification in terms of the type of specimen tested, critical temperature drop
and period of resistance in accordance with Annex C.

13 Practjical applications of test results

13.1 General

The main purpose of the test is to determine the temperature drop in the steel substrate when subjject
to a cryogé¢nic jet release. The cryogenic jet used for the test represents the combined cooling effect,
momentum and penetration effects that are as close as possible to a realistic-pressurized LNG relgase
as describe¢d in the Scope. The test specimen is representative of the CSP used to protect steel work
against cryogenic exposure of columns and beams found in structures supporting processes involved
in the liquefaction of natural gas (e.g. the structural steel elements of.an offshore liquefaction asset).
The test affrangement was designed to determine the integrity and-insulation effectiveness of the [CSP
when subjg¢ct to the jet momentum and enhanced cooling of a sustained cryogenic jet release.

Although the procedure has been designed to simulate some-of the conditions that occur in an acfual
cryogenic jet release it cannot produce all conditions exactly: The results of this test do not guaramtee
structural |stability but can be used as an element of a cryogenic risk assessment for structures. OI an
informativp basis, other testing may also take into acgélint all the other factors that are pertinent tp an
assessment of the cryogenic hazard for a particular énd use such as chemical resistance towards [jNG,
weathering, ageing, torsional flexing, loading, impact or explosion resistance or smoke production, to

The relevahce of the test set up and results with regards to
— cryogdnic liquid release scenarig,
— locatidn of the CSP on the structure,

shall be th¢ responsibility efthie end user. The acceptability of the test, in relation to the end use, cah be
subject to an independent verification authority (such as a class society if part of their scope) or renpain
at the discretion of the @wner (or through delegation to the responsible design engineering compart:t/ or
consortiun).

13.2 Performance criteria

13.2.1 General

The purpose of this test method is described in the Scope. It is not the purpose of this test method to
provide guidance on the acceptability of a particular thickness of CSP for items such as free standing
panels, nor the coating or method of assembly to be used.

A typical performance criterion for CSP is that the temperature of the protected structural element
does not fall below a defined criterion (low temperature limit) within a specified cryogenic jet exposure
time as specified by the sponsor.

Another criterion of performance provided by the test could be the time required to reach the limiting
temperature as specified by the sponsor.
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13.2.2 Coatings and spray-applied materials

13.2.2.1 Substrate temperature

The temperature time profiles at each measurement position shall be used to determine the
temperature at each position reached during the test. The position and time of a sudden increase in
the rate of temperature drop, if any, should be recorded as it may be indicative of possible failure of
the CSP at that point. For the same reasons, the localized minimum temperature shall be reported in
conjunction with the nearest cryogenic spill material thickness measurement.

13.F.3 Systems and assemblies

13.2.3.1 Substrate temperature

Thegtemperature time profiles at each measurement position shall be used to detefniine the tgmperature
at each position reached during the test. The minimum substrate temperature-shall be reforted. The
posjtion and time of any sudden increase in the rate of temperature drop, if-any, should be re¢orded as it
is indicative of possible failure of the system/assembly at that point.

13.2.3.2 Impairment of protection integrity

The penetration of liquid through any cracks, holes or breaches in joints shall be considered when
assg¢ssing the integrity of a system. The amount of penetratiéon dnd condition of the method of fixing can
be gvaluated in the following terms:

a) |evidence of liquid passing through the system with’the fixing system becoming ineffectiye reflected
by alocalized fast drop in temperature;

b) |evidence of cold vapour passing through thésystem with the fixing system effective;
¢) [no vapour passing through the system*and with the fixing system effective;
d) |evidence of material dis-bonding.

If the temperature criterion is met, then a specimen meeting criterion c) clearly provides a wider safety
margin than a specimen megting criterion a). A statement of the criterion that is most gppropriate
shopld be included in the réport.

13.B3 Factors affecting the validity of the test

13.8.1 General

It if inevitable that, during some tests, there is a failure of control, instrumentation or of a geal. These
arelfailures of the test procedure and do not indicate a failure of the test specimen. The mopt common
failfires are considered in 13.3.2 and 13.3.3.

13.3.2 Failure at nozzle

It can happen that the cryogenic jet release does not occur from the start of the test (e.g. failure of
deflector arrangements). If visual confirmation of liquid release can be made from the temperature
measurement as stated in Clause 9 (<-170 °C temperature), including the time at which the liquid was
present, the test may be considered valid.

13.3.3 Failure of thermocouples

Up to three thermocouples can fail (e.g. can be shown not to be measuring temperature with the
required accuracy) during a test and the test still be considered valid provided that the thermocouple
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position(s) do not correspond to the area of greatest damage or at the impact point of the jet. Only two
thermocouples are allowed to fail at the impact point of the jet.

Failure of thermocouples directly underneath a joint as described in 6.3 will terminate the test if the
largest temperature drop is shown along the line of the joint.
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Annex A
(normative)

Methods of fixing thermocouples

A.1
Chr
fixi
A.2
A.2

Plag
wir

General
=enera:

omel/alumel (type K) thermocouples, with conductors of a diameter appropriate te, the
g shall be used. Thermocouples shall be attached in accordance with one of the' métho
to A.4.

“Quick Tip” attachment

ps. Squeeze the metal piece in a special tool into a cylindrical shape, 1,5 mm long and

method of
ds given in

e the two 0,3 mm diameter thermocouple wires into a metal piece-with pre-drilled h¢les for the

1,5 mm in

diameter, firmly gripping both wires in the process. Drill a 2 mm héle, 2 mm deep, in the position where

the

A3

Equ

thermocouple is to be fixed. Place the joint piece in the hole-and use a drift to peen over ]

Capacitive discharge welding

ipment, suitable for attaching thermocouples<to a metal substrate, shall be used.

ma

NOTE

str

ufacturer's instructions in preparing the surface and attaching the thermocouple.

Small pieces of stainless steel shim_can be spot welded over the thermocouple to add
gth and prevent stress being placed on the;junction.

A.4 Drilling and peening

Thip method shall be used forattaching sheathed or welded junction thermocouples to a meta
If the thermocouple has séparate wires, weld them together. Drill a hole of appropriate d

the
the

A.5

Thd
und
of t

position in which théthermocouple is to be attached with a maximum depth of 5 mm
‘mocouple and peenover the edges of the hole with a centre punch.

Front face attachment
surfaeethermocouples shall be attached to the sample by means of adhesive tape design

er eryogenic conditions. Pieces of this tape (approximately 25 mm x 150 mm) shall be pl
héthermocouple wire every 300 mm to ensure that the wire is retained close to the sui

he metal.

Follow the

mechanical

substrate.
iameter in
Insert the

ed to work
hced on top
face of the

san

pte-Theadhesive tape shattbepressed-onto the surface of the sampie as tightly aspo

ssible. The

measuring end of the thermocouple shall be raised from the surface of the sample by (8 + 2) mm.

NOTE

stre

Small pieces of stainless steel shim can be spot welded over the thermocouple to add
ngth and prevent stress being placed on the junction.
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Annex B
(normative)

Complete set-up

The technical drawing set-up is displayed in Figures B.1, B.2 and B.3.

. 3000
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Dimensions in millimdtres
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Figure B.]
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envirgnmental chamber

nozzl¢ (8+0,8) barg (average pressure * standard deviation)

speci:[:en (beam shown)
speci

en (and recirculation chambers) supports

recircplation chamber\(insulated on back surface)

back hox (supportiand stability)

environmental chamber)

| —Overall side dimensions with H beam: Beam configuration (side view — includjng
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