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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 21011 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 220, Cryogeni¢vessels.
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INTERNATIONAL STANDARD

1ISO 21011:2008(E)

Cryogenic vessels — Valves for cryogenic service

1

This

Scope

nternational Standard specifies the requirements for the design, manufacture and testing‘o

rated| temperature of —40 °C and below (cryogenic service), i.e. for operation with cryogenic)fluig
to oppration at temperatures from ambient to cryogenic.

It apglies to all types of cryogenic valves, including vacuum jacketed cryogenic valves-up to size [

This

2

The

nternational Standard is not applicable to pressure relief valves covered by ISO 21013-1.

Normative references

following referenced documents are indispensable for sthe' application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO

ISO 1

ISO

%208, Industrial valves — Pressure testing of valves

0434, Bolted bonnet steel gate valves for the petroleum, petrochemical and allied industries

1114-1, Transportable gas cylinders'— Compatibility of cylinder and valve materis

contgnts — Part 1: Metallic materials

ISO

1114-2, Transportable gast-cylinders — Compatibility of cylinder and valve materis

contgnts — Part 2: Non-metallie ‘materials

ISO

gas iphdustries

ISO 1

7292, Metal hall’'valves for petroleum, petrochemical and allied industries

ISO 21010, Cryogenic vessels — Gas/materials compatibility

ISO 21028-1, Cryogenic vessels — Toughness requirements for materials at cryogenic temperat
Tempnrnfurne helow 80 nlagraae C

f valves for a
s in addition

DN 150.

t. For dated
b referenced

Is with gas

Is with gas

5761, Steel gate, globe and check valves for sizes DN 100 and smaller, for the petroleum and natural

ire — Part 1:

ISO 21028-2, Cryogenic vessels — Toughness requirements for materials at cryogenic temperature — Part 2:
Temperatures between —-80 degrees C and —20 degrees C

ISO 23208, Cryogenic vessels — Cleanliness for cryogenic service

ASME B16.34, Valves — Flanged, threaded, and welding end
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and definitions

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

3.1

nominal size

DN

alphanumeric designation of size for components of a pipe work system, which is used for reference

purposes.

NOTE 1
physical size,
NOTE 2 Ad

3.2

It comprises the letters “DN” followed by a dimensionless whole number which is indirectly related to the

HITH 4 fdle o o 4 eiabor—al: % £ 4l ol 4
rrmmmrietuTs, UT U1C DUTT UT UULLSIUT UIalTicicl Ul UT1S ©INU CUTITICUUUTNTS.

apted from ISO 6708:1995.

rated pressure

PR

maximum pr|
the boundary
NOTE TH

3.3

bssure difference between the inside and outside of any pressure retaining boundary for
is designed to be operated at 20 °C

e PR of the valve is the lowest PR of any component of the valve.

rated minimum temperature

lowest tempg

3.4

rature for which the valve is rated by the manufacturer

valve category A

valve type which passed the operation simulation test for 2800 cycles during type approval testing
NOTE Sg¢e 5.1.3.3.
3.5

valve category B

valve type which passed the operation simulation test for 100 cycles during type approval testing
NOTE See 5.1.3.3.
3.6

flow coefficient

basic coeffic

NOTE 1 Fl

NOTE2 E

C,, itis possib

NOTE 3

ent used to state’the flow capacity of a valve under specified conditions

pw coefficients in current use are K, and C, depending upon the system of units.

en-though the dimensions and units used with flow coefficient K differ from those used with flow coef

hich

ficient

7
<y

le to relate the two flow coefficients numerically by means of the relationship C =0,865.

v

The flow coefficient definitions given in 3.6.1 (for K) and in 3.6.2 (for C)) include certain units, nomenclature

and temperature values which are not consistent with the parts of IEC 60534 other than IEC 60534-1. These
inconsistencies are limited to 3.6.1 and 3.6.2 of this International Standard, and their sole purpose is to illustrate the
unique relationships traditionally used in the valve industry. These inconsistencies do not concern any parts of IEC 60534
other than IEC 60534-1.

© 1SO 2008 — All rights reserved
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flow coefficient X,

K,

v

special volumetric flow rate calculated in cubic metres per hour (capacity) through a valve, where the static
pressure loss across the valve is 0,1 MPa (1 bar)!), and the fluid is water within a temperature range 5 °C to
40 °C (278 Kto 313 K)

NOTE The value of K, can be obtained from test results by means of the following equation:

2]
K = v || £
Y Q\( Ap )\ p,

wherg

This 6

3.6.2
flow

C

v
non-4

NOTH

100 °
than t

wherg

D is the measured volumetric flow rate, in m3/h;

\p, is the static pressure loss of 0,1 MPa (1 bar);

\p is the measured static pressure loss across the valve, in MPa (bar);
o is the density of the fluid, in kg/m3;

b is the density of water, in kg/m3 (1 000 kg/m?3).

w

quation is valid when the flow is turbulent and no cavitation orflashing occurs.

coefficient C,

b1 valve coefficient which is in widespread-use worldwide

Numerically, C, is represented as\thie number of US gallons of water, within a temperature rar
F, that will flow through a valve in 1 min’when a pressure drop of 6 894,76 Pa (1 psi)?) occurs. For ¢
hese, C, can be obtained using the.following equation:

| Apc, L]
¢ ( Ap J[pw

D is the measured volumetric flow rate, in US gallons per minute?);
b is thedénsity of the fluid, in pounds per cubic foot?);

pb(~is'the density of water within a temperature range of 4 °C to 38 °C (40 °F to 100 °F), in pounds per

ge of 40 °F to
bnditions other

cubic foot;

Ap is the measurement state pressure loss across the valve, in psi;

Apc, =1psi.

This equation is valid when the flow is turbulent and no cavitation or flashing occurs.

1) 1
2) 1
3) 1
4) 1

©1S0

bar = 0,1 MPa.

psi = 0,068 948 bar = 6 894,76 Pa.
gal (US)/min = 309 x 10"° m3/s.
Ib/ft3 = 16,018 kg/m3.

2008 — All rights reserved
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3.7
bonnet
cylindrical pa

rt connecting the valve body to the seal packing chamber

4 Requirements

4.1

411

Materials

General

Materials shJaII be in conformance with an internationally recognized standard and compatible with-the

Galling, fricti
shall also be

Materials no
valve by a s
least equiva
physical prof

4.1.2 Meta

Metallic materials to be used in the construction of cryogenic valves shall meet the requiremen

ISO 21028-1

bnal heating and galvanic corrosion shall be considered in the selection of materials:~\Mat
oxygen compatible, if relevant (see 4.1.5.1).

fluid.
erials

listed in an internationally recognized standard shall be controlled by the manufacturer ¢f the

pecification ensuring control of chemical content and physical properties, and, énsuring qua
ent to an internally recognized standard. A test certificate providing thechemical conten
erty test results shall be provided with the valve.

lic materials

or ISO 21028-2 as appropriate for the rated minimum temperature.

These requi

materials whjch do not exhibit ductile/brittle transition and non\ferrous materials which can be shown to
no ductile/briftle transition do not require additional impact tests.

Forged, rolled, wrought and fabricated valve components from raw materials from these processes ne€g

be impact
temperatures
Appendices
equivalent s
ductile/brittle
randomly sel
be impact teg

4.1.3 Non-

Non-metallic
the plug/sten
are to be use
1ISO 21028-1

ements apply only to the valve parts exposed to low temperatures in normal service. Mg

sted if the rated minimum temperature is higher than the ductile/brittle transition
of the material. Castings meeting."the requirements of one of the applicable mang
and IV or Il and Ill of ASME B16.34 for forgings and rolled or wrought material, or conform
andards, need not be impaét, tested if the rated minimum temperature is higher tha
transition range temperatures of the material. When impact testing is required, at leas
ected valve body (includihgybonnet, if applicable) material from each production lot castings
ted at the rated minimum:-temperature.

metallic materials

materials_are-well established only for use in packing and glands and for use for inserts
N assembly)to provide leak tightness across the seat when the valve is closed. If such mat
d for structural parts, they shall have the properties appropriate to the application and confg
or1S0 21028-2, as appropriate to the rated minimum temperature.

ity at
t and

ts of

ptallic
have

d not
ange
atory
ng to
N the
one
shall

ithin
erials
rm to

Non-metallic

materials shall also:

defined in 5.1.3.3;

be resistant to sunlight, weather and ageing.

4.1.4 Corrosion resistance

have mechanical properties that will allow the valve to pass the type approval test for category A valves

In addition to resistance to normal atmospheric corrosion, particular care shall be taken to ensure that the
valve cannot be rendered inoperative by accumulation of corrosion products. Some copper alloys are
susceptible to stress corrosion cracking; consequently, careful consideration shall be given before selection of
these materials for components under stress.

© 1SO 2008 — All rights reserved
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Gas material compatibility

1 Oxygen

If the rated minimum temperature is equal to or less than the boiling point of air, or if the valve is intended for
service with oxygen or oxidizing products, the materials in contact with liquid air or oxidizing products shall be
oxygen compatible, in accordance with ISO 21010.

4.1.5.

For h

2 Hydrogen

ydrogen service, see 1SO 11114-1 and ISO 11114-2.

4.1.5

Meta
4.2

4.21
The
minin
Minin
ISO

exen|
be ug

4.2.2
Valve
tom
rang
Valve
at the
samp

Glan
they

4.2.3

Unles

3  Acetylene

lic materials shall contain less than 70 % copper if specified for use with mixtures,containing
Design
General

alves shall fulfil their function in a safe manner within the tempe€rature range from +65 °C
hum temperature and the pressure range intended for use.

hum wall thickness values for valve bodies shall be from the appropriate valve standards
5761, ISO 17292 and ASME B16.34. Bonnet thickness of extended bonnet (extended ster
pted from meeting the minimum wall thickness requitements of these standards. These st
ed as informative references for design not specifically covered in this International Standar

Packing gland
s can have an extended stem and/or/an extended bonnet. The length of the extension shal
intain the stem packing at a temperature high enough to permit operation within the norma
of the packing material.
s without an extended stem-and/or an extended bonnet shall have a stem packing capablg
specified minimum temperature. The handle shall be designed to remain operable for the d
le valve test, in accordance with Clause 5.

| designs incorporating a gland nut with a male or female thread shall be designed in sug
ill not loosef/nintentionally, e.g. when the valve is operated.

Operating positions

sCetherwise specified by the valve manufacturer, valves with extended stem and/or an exts

acetylene.

to their rated

ISO 10434,
n) valves are
bndards may
.

be sufficient
temperature

of operating
Liration of the

h a way that

nded bonnet

shall

becapabteof mormmat-operation i thetiquid-service with thevatve stermatany positionfro

to 25° above the horizontal. Loads imposed by actuators shall also be considered.

424

424

A

Cavities

Trapped liquid

1 the vertical

Cavities where liquid can be trapped and build up detrimental pressures due to evaporation of the liquid during
warming up of the valve are not permitted.

NOTE

other

©1S0

For ball and gate valves, this requirement can be met by the provision of a pressure relief hole
means, e.g. pressure relieving seats, to relieve pressure in the bonnet and body cavities.

2008 — All rights reserved
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4.24.2

Debris

Cavities susceptible to trapping debris shall be avoided.

4.2.5 Valve bonnet

Valve bonnets may be brazed, welded, bolted, screwed or union type. Union nuts shall be locked to the body.
Union type bonnets shall not be used on valves greater than DN 80. Screwed bonnets shall also be secured
by a union nut or another device offering equivalent safety.

4.2.6 Secu

For bronze
extensions s

4.2.7 Seat

Valves may
seat. Soft se

Plugs and/o
pinning).

4.2.8 Stem

The valve st
removed whi

429 Torq

The maximu
hand wheel
exceed 500

the lever, in metres, minus 0,05 m.

The valve sh

without damage. A lower value is permitted if there is a limiting torque or stroke device.

Valves intendled for actuator,eperation may have torque or linear force requirements deviating from the a

The sample

4.2.10 Elecfric continuity and explosion proofness

For valves in

ring of gland extension

pr copper alloy valves whose PR is greater than or equal to 2,5 MPa, the gland\ (b0
hall be mechanically secured in the bonnet prior to brazing (e.g. by screwing).

have metal/metal or metal/soft seat or insert. Soft seats shall be backed by a secondary
bt materials shall be adequately supported to prevent cold flow of the séat material.

soft seats shall be mechanically secured and locked (e.g. lock-tight, tack welded, peg

securement

em shall be secured so that it cannot be blown outef the body in the event of the gland
e the valve is under pressure.

e

M torque to operate the valves manually"under service conditions, when applied at the rim
pr lever, shall not exceed 350 x R/Nm;, except for valve seating and unseating, when it sha

nnet)

metal

ning,

being

bf the
Il not

R Nm. For a hand wheel, R is thefadius of the wheel, in metres. For a lever, R is the length of

all be robust enough to withstand 1 000 x R Nm or equivalent in linear force as specified 3

alve tests shall'then be performed using a proper actuator to operate the valve.

flammable fluids service, the maximum electrical resistance shall not exceed 1 000 Q wi

more than 2

bove

pove.

th no

8V between the ports, in order to ensure elecirical continuity to prevent build-up of

static

electricity.

Any equipment attached to, or associated with, a valve shall be suitable for the stated hazard zone.

© 1SO 2008 — All rights reserved
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5 Testing

5.1

5.1.1

Type approval

Verification of the design

A valve from the first production batch of each size and design shall be inspected and tested to ensure that
the valve is in compliance with the design documentation and the requirements of this International Standard.
The sample valve shall pass the tests as described in 5.1.3.

5.1.2

A uni

5.1.3

The
PR le
used
over
seals

Com
after

The
modi

5.1.3

5.1.3

Valvg
than

teste
allow

5.1.3

l L e
_Muuel mumnmoer

que model number shall be assigned to the valve which passes the type approval requireme
Type approval tests
1  Ambient condition tests

1.1  Strength test

alve in open position shall be hydraulically tested. The pressureyshall be 4 times the PR for
ss than or equal to 10 MPa, and 2,25 times the PR for higher pressure ratings provided cag
for pressure retaining parts of the valves. Leakage of méchanical joints shall be accepted

) may be temporarily removed or replaced with a dumimy during this test.

all other tests or on separate samples.

purpose of this test is to verify the strength of the body, and consequently the fitting conne
ied if necessary for the performance: ofthe test.

2 Cryogenic tests

21 General test condifions
s with a rated minimum temperature not lower than —196 °C shall be tested at a temperaty
the rated minimum/temperature. Valves with a rated minimum temperature lower than —19

] at a temperature not higher than —196 °C. A deviation in the measured temperature (in °C
ed depending-on the practical conditions of testing.

2.2, ‘\’kteak tightness tests

nts.

valves with a
tings are not
at pressures

P times the PR, but failure by bursting is unacceptable.*Certain components (e.g. membrames or bellow

bonents shall remain in place without failure at;the test pressure. The strength test shall he performed

ction can be

re not higher
6 °C shall be
) of +10 % is

5.1.3

L.l General

The external and internal tightness shall be tested both before and after the operation simulation test
described in 5.1.3.3.

For a

more detailed outline of a suitable test method, see Annex A.

The external and internal tightness levels given below are indicative only. Alternative values may be
guaranteed by the manufacturer. In this case, the guaranteed valves shall be verified and declared in the
report, and indicated on the name plate. The leakage rates specified in 5.1.3.2.2.2 and 5.1.3.2.2.3 are for
standard conditions of 0,101 3 MPa and 15 °C.

©1S0
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External tightness test

When the valve in the opened position has reached the test temperature, apply helium pressure in stages up

to the PR.

The maximum allowable leak rates shall be:

vacuum

for all ot

5.1.3.2.2.3
When the va
when the co
4.2.9.

Helium press

In these condglitions, the acceptable leak rate shall be:

for chec

for all ot

This leak rat¢ shall apply to valves for flammable and non.flammable service.

5133 O
While maint3
valve or by

differential p
pressure acr
The torque u
2 000 for cat

For category|

After the tes
stage, the ad

for vacuum jacketed valves, less than 3 x 10-8 mm3/s of helium into the vacuum jacket;

jacketed valves, less than 10 mm3/s of helium;

for non vacuum jacketed valves for flammable fluids service, and for non vacuum jacketed portion of

her valves, less than 14 mm3/s of helium.

Internal tightness test
ve has reached the test temperature (it can be accepted that the lowest temperature is reg

bling fluid has finished severe boiling), the valve shall then be closed to-th€ torque specif

ure shall be applied in stages up to the PR.

valves, less than 200 standard mm3/s x DN (0,2 standard cc/s x DN);

her valves, 100 mm3/s x DN.

beration simulation

ining the valve at the rated minimum temperature, either by letting a cryogenic fluid throug
mmersing the valve body in_the ‘cryogenic fluid, it shall be fully opened and closed aga
essure equal to at least halfythe PR in closed position. When an immersion test is chose
pss the valve seat may be developed using gaseous helium or by using the test cryogen v
sed shall be equal to that applied in the first internal tightness test. The number of cycles sh
bgory A valves. The'‘eycle rate shall not exceed 6 cycles/minute.

B valves, the.number of cycles is reduced to 100.

, the valve)shall be subjected to internal tightness tests (see 5.1.3.2.2.3) a second time. A
ceptableleak rate shall be:

for chec

ched
ed in

h the
nst a
, the
pour.
Bl be

t this

valves, less than 400 mm3/s x DN;

— for all other valves, 200 mm3/s x DN.

Tightening of the gland packing is allowed after the operation simulation test before the second tightness test.
It shall also be dismantled and inspected for any excessive wear, e.g. pitting in rubbing surfaces.

5.2 Production tests

The production tests shall be performed in accordance with the requirements of ISO 5208. Closure test

leakage rate

A of ISO 5208 is required.

© 1SO 2008 — All rights reserved
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5.3 Test report

A test report, including fully dimensional drawings with tolerances, test procedures and test results, and
material certifications with chemical and physical test results, shall be kept as a reference.

6 Cleanliness

All valve parts and the assembled valve shall meet the cleanliness requirement of ISO 23208.

7 Marking

7.1 | Marking on the body of the valve
Markjng on the body may be integral with the body or on a plate securely fixed n-the body. The following
minimum information shall be marked on the body of all valves, except for valves|less than or equal to DN 10
(the Iaterial of the body may be marked on the identification plate):
a) e size designation “DN”;

b) Ie material of the body;

c) e manufacturer’'s name or trade mark;

d) an arrow sign ( T ) showing the direction of flow, if applicable;

e) e pressure rating of the valve, in MPa (bar).

7.2 | Marking on an identification plate
The fpllowing minimum information shall be given on an identification plate securely attached to the valve:
a) the limiting operating temperatute(s), in °C or K, for which the valve has been designed;
b) the designation “ISO 21014 with the letter “B”, in case of category B valve;

c) the type approval aumber of valve, or model number of valve;

d) unique serial/nimber that allows identification of the individual valve;
e) e guaranteed external leakage, if higher than required in 5.1.3.2.2.2;

f) e guaranteed internal leakage, if higher than required in 5.1.3.2.2.3;

g) the K, or C, value of the valve (optional);

h) the material of the body of the valve, in MPa (bar) (for valve sizes less than or equal to DN 10).

© 1SO 2008 — Al rights reserved 9


https://standardsiso.com/api/?name=570355c0cb7357185275f4a4b1b4bb39

ISO 21011:2008(E)

Annex A
(informative)

Recommended methods for leak tightness testing of cryogenic valves

A.1 Test set-up

The sample
maintaining
valve body
cryogenic flu

The supply

sample valvg
valve is inter
the other.

A.2 Intern

With the shu
exceeding th
up to the PH
directional of

A.3 Exter

The valve in
helium leak
the PR, and

test temperafture as defined in 5.1.3.2.1 and again pressurized with helium gas to the PR, and the h

leakage into
with helium g

valve is installed in a line, so that it can be pressurized with helium gas up to the PR
he valve body at the test temperature. A temperature sensor shall be installed to measun
emperature unless the cooling of the valve body is achieved by immersing the body i
d.

bf helium, a pressure gauge and a known dead volume are connected to'the inlet side ¢
, and a device to measure gas flow is connected to the outlet side (see Figure A.1). If the s3
ded for bi-directional operation, it shall be possible to switch the equipment from one line &

al tightness

I off valve to the gas flow measuring device open and-the sample valve closed with a torqu
e maximum torque as defined in 4.2.9, apply helium pressure in steps of one quarter of th
. Measure the leak rate at the flow meter for each pressure step. For valves intended f
eration, repeat the test with the pressure appliedin the second direction.

nal tightness

open position shall be placed in_a leak-tight test chamber with facilities capable of meas
ates in the range of 1076 mm3/s to 14 mm3/s. The valve shall be pressurized with helium d
he leakage into the test chamber shall be measured. The valve shall then be cooled down

the test chamber measured. The valve shall now be warmed to ambient temperature, pressu
as to the PR and helium leakage into the test chamber measured.

while
e the
h the

f the
mple
nd to

e not
e PR
Dr bi-

uring
as to
o the
elium
rized

10
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