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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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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 procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 220, Cryogenic Vessels.

This third edition cancels and replaces the second edition (ISO 21013-3:2016), which has been technically 
revised.

The main changes are as follows:

—	 Precision added on the total outer surface area of the pipe network containing flow of fluid,

—	 Inclusion of the coefficient of discharge symbol,

—	 Precision added on the overall convective heat transfer coefficient of the ambient air vaporizer,

—	 Additional information added on the fire case and PBU conditions,

—	 Correction of the molar mass in kg/kmol and modification of formulas 32 and 43,

—	 Supplementary information added on cryostats mentioned in this standard.

A list of all parts in the ISO 21013 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.

v

﻿
© ISO 2025 – All rights reserved

Full document details: 25/30457731 DC

https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
http://www.avadocuments.com/doc/25-30457731-dc
http://www.avadocuments.com/doc/25-30457731-dc


Full document details: 25/30457731 DC

http://www.avadocuments.com/doc/25-30457731-dc
http://www.avadocuments.com/doc/25-30457731-dc


DRAFT International Standard ISO/DIS 21013-3:2025(en)

Cryogenic vessels — Pressure-relief accessories for cryogenic 
service —

Part 3: 
Sizing and capacity determination

1	 Scope

This part of ISO 21013 provides separate calculation methods for determining the required mass flow to be 
relieved for each specified conditions described in the following table:

Condition
Type of 

insulation 
system:

Vacuum 
status:

Inner ves-
sel temper-

ature:

Insulation 
system 
(outer 

jacket + 
insulating 
material) 
condition:

Ambient 
conditions:

Pressure 
buildup 

system con-
dition:

Use clauses including 
any sub-clauses

1
non-vacu-

um N/A

temperature 
of the con-
tents at the 

specified 
relieving 
pressure

intact
normal 

(ambient 
tempera-

ture)
normal con-

dition

4.2.3/4.2.4/4.5.1/4.5.2/4.5.
7/5/6/7

2
fully or 

partially in 
place

fire (922 K) 4.3.1/4.5.1/4.5.7/5/6/7

3

vacuum

normal
intact

normal 
(ambient 
tempera-

ture)

4.2.1/4.2.4/4.5.1/4.5.2/4.5.
7/5/6/7

4 full open 4.2.1/4.2.2/4.2.4/4.5.1/4.5.
3/4.5.7/5/6/7

5
loss of 

vacuum

normal con-
dition

4.2.3/4.2.4/4.5.1/4.5.4/4.5.
7/5/6/7

6
fully or 

partially in 
place

fire (922 K) 4.3.1/4.4.3/4.5.1/4.5.5/4.5.
7/5/6/7

7 loss of 
vacuum 

with air or 
nitrogen in 
the vacu-
um space

contents 
with reliev-
ing temper-
ature below 

75 K

intact

normal 
(ambient 
tempera-

ture)
4.4.2/4.5.1/4.5.4/4.5.7/5/6/7

8

fire (922 K)

4.4.3/4.5.1/4.5.5/4.5.7/5/6/7

9
vacu-

um and 
non-vacu-

um
totally lost 4.5.1/4.5.6/4.5.7/5/6/7

Good engineering practice based on well-established theoretical physical science needs to be adopted to 
determine the required mass flow where an appropriate calculation method is not provided for an applicable 
condition.

Recommendations for pressure relief devices for cryostats are given in Annex A.

1
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2	 Normative references

There are no normative references in this document.

3	 Symbols

A arithmetic mean of inner and outer surface areas of vessel insulating material m2

AB actual flow area of a pipe element m2

Ae is the total outer surface area of the pipe network containing flow of fluid, from the 
outer jacket up to the flow temperature location x under consideration, in m2 ; Appli-
cable only when length > than 0,6 m (See 6.1.1)

m2

AF minimum flow area (reference area) in a pipe network m2

AFd minimum flow area (reference area) in the pipe network, downstream of relief valve m2

AFu minimum flow area (reference area) in the pipe network, upstream of relief valve m2

Ai total outside surface area of inner vessel m2

Aj total outer surface area of pipe network between the inner and outer jackets (inter-
space)

m2

AL larger flow area of a pipe element containing two different flow area sizes m2

An cross-sectional area, support, or pipe material m2

AR area ratio, AS/AL —

AS smaller flow area of a pipe element containing two different flow area sizes m2

AV actual flow (orifice) area of a pressure relief valve mm2

AVa actual flow (orifice) area of pressure relief valve selected for final analysis mm2

AV1 minimum required relief valve flow (orifice) area mm2

A2 external heat transfer surface area of ambient air vaporizer m2

cp constant pressure specific heat capacity at the average of Tn and Te kJ/(kg·K)

CV experimentally determined flow rate through a pipe element or device gal/min/psi

e1 nominal insulating material thickness, normal vacuum, non-fire condition m

e3 minimum insulating material thickness, considering loss of vacuum, non-fire condi-
tion

m

e5 insulating material thickness remaining in place during fire conditions m

fT pipe flow friction coefficient —

h enthalpy of fluid at conditions of ν kJ/kg

hr specific enthalpy at relief valve inlet and outlet kJ/kg

KA flow resistance coefficient of a pipe element in terms of AF —

KB flow resistance coefficient of a pipe element in terms of AB —

2
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Kb subcritical flow coefficient —

Kd coefficient of discharge —

Kdr derated coefficient of discharge —

Kdr,a derated coefficient of discharge of next largest available valve orifice area greater 
than AV1

—

Kdr,1 derated coefficient of discharge of initially analyzed valve —

kn mean thermal conductivity of an individual support or pipe, between T and Ta W/(m·K)

KR flow resistance coefficient of complete pipe network in terms of reference area, AF —

KRC flow resistance coefficient at the transition between critical and subcritical flow —

KRd overall flow resistance coefficient of pipe network, downstream of pressure relief 
valve

—

KRu overall flow resistance coefficient of pipe network, upstream of pressure relief valve —

KSUM total flow resistance coefficient of a series or parallel pipe network —

KV experimentally determined flow rate through a pipe element or device m3/h/bar

k1 mean thermal conductivity of insulating material, normal vacuum,  
non-fire condition

W/(m·K)

k3 mean thermal conductivity of insulating material with air or gaseous lading,  
non-fire condition

W/(m·K)

L latent heat of vaporization of cryogenic liquid at relieving conditions kJ/kg

l length, pipe element m

La latent heat of vaporization of cryogenic liquid at a pressure of 1,013 bar kJ/kg

ln length of support or pipe in vacuum interspace m

L’ enthalpy-to-volume expansion ratio for critical or all-gas fluid flow conditions kJ/kg

M molar mass kg/kmol

mmax maximum mass capacity of vessel kg

N normal evaporation rate (NER) %/day

P relieving pressure, inner vessel in absolute pressure bar

Pb pressure, safety relief valve outlet in absolute pressure bar

Pb10 pressure at relief valve outlet for a downstream built-up backpressure of 10 % bar

Pexit pressure at pipe network exit in absolute pressure bar

Pi pressure, safety relief valve inlet in absolute pressure bar

PS pressure relief valve set pressure in absolute pressure bar

Qm mass flow rate kg/h

3
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Qma mass flow rate of a relief valve within a given pipe network kg/h

QmNER mass flow rate due to the normal evaporation rate kg/h

R universal gas constant J/(mol·K)

r pipe elbow transition radius m

T relieving temperature, inner vessel K

Ta maximum external ambient temperature, non-fire condition K

Tb,Pb temperature at relief valve outlet K

Tb10 temperature at relief valve outlet for a downstream built-up backpressure of 10 % K

Te external temperature for a given condition K

Texit,Pb temperature at pipe network exit K

Tf external temperature, fire condition K

Ti temperature, safety relief valve inlet K

Tn temperature of fluid at a given flow start location along the pipe network K

Tsat saturation temperature of fluid at a pressure of 1 bar K

Tx temperature of fluid at a given location x along the pipe network K

Up overall heat transfer coefficient of a pipe network for given temperature conditions W/ (m2·K)

U1 heat transfer coefficient of insulating material, normal vacuum, non-fire condition W/ (m2·K)

U2 overall convective heat transfer coefficient of ambient air vaporizer W/ (m2·K)

U3 heat transfer coefficient of insulating material with air or gaseous lading, non-fire 
condition

W/ (m2·K)

U3a heat transfer coefficient, air or nitrogen condensation, loss of vacuum, non-fire condi-
tion

W/m2

U5 heat transfer coefficient of insulating material with air or gaseous lading, fire condi-
tion

W/ (m2·K)

U5a heat transfer coefficient, air or nitrogen condensation, loss of vacuum, fire condition W/m2

wn heat leak from an individual support or pipe W/K

WT total heat transfer rate for specified conditions Watt [W]

WT1 total heat transfer rate under normal operation Watt [W]

WT1NER total NER heat transfer rate under normal operation Watt [W]

WT2 total heat transfer rate under normal operation, including pressure build-up device Watt [W]

WT2NER total NER heat transfer rate under normal operation, including pressure build-up 
device

Watt [W]

WT3 total heat transfer rate, loss of vacuum, insulation in place, non-fire condition, 
Tsat ˃ 75 K

Watt [W]

4
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WT3a total heat transfer rate, loss of vacuum, insulation in place, non-fire condition, 
Tsat ≤ 75 K

Watt [W]

WT5 total heat transfer rate, loss of vacuum, insulation in place, fire condition, Tsat ˃ 75 K Watt [W]

WT5a total heat transfer rate, loss of vacuum, insulation in place, fire condition, Tsat ≤ 75 K Watt [W]

WT6 total heat transfer rate, loss of vacuum, insulation not in place, fire condition Watt [W]

W1 heat transfer rate through insulation system, normal vacuum, non-fire condition Watt [W]

W2 heat transfer rate through pressure build-up device, fully open regulator Watt [W]

W3 heat transfer rate through insulation system, loss of vacuum, non-fire condition Watt [W]

W3a heat transfer rate through air or nitrogen condensation, loss of vacuum,  
non-fire condition

Watt [W]

W4 heat transfer rate through interspace supports and piping Watt [W]

W5 heat transfer rate through vessel walls, insulation in place, fire condition Watt [W]

W5a heat transfer rate through air or nitrogen condensation, loss of vacuum,  
fire condition

Watt [W]

W6 heat transfer rate through vessel walls, insulation not in place, fire condition Watt [W]

x lengthwise location along a pipe network m

X number of insulation layers —

Y heat transfer rate U3a or U5a —

Zi compressibility factor at pressure, Pi, and temperature, Ti —

φ pressure ratio Pexit/P —

κ isentropic exponent —

λ1 subcritical flow coefficient —

λ2 subcritical flow coefficient —

ν specific volume of critical or all-gas fluid at a given temperature at pressure, P m3/kg

νb10 specific volume at relief valve outlet for a downstream built-up backpressure of 10 % m3/kg

νb,Pb specific volume at pressure relief valve outlet, evaluated at hr and a trial value of Pb m3/kg

νdmax maximum average downstream specific volume, as per desired backpressure limit m3/kg

νd10 average downstream specific volume, for a downstream built-up backpressure 
of 10 %

m3/kg

νexit,Pb specific volume at pipe network exit, evaluated at Pexit and Texit,Pb m3/kg

νexit10 specific volume at pipe network exit for a downstream built-up backpressure of 10 % m3/kg

νg specific volume of saturated gas at relieving pressure, P m3/kg

νga specific volume of saturated gas at a pressure of 1,013 bar m3/kg

5

﻿
© ISO 2025 – All rights reserved

Full document details: 25/30457731 DC

http://www.avadocuments.com/doc/25-30457731-dc
http://www.avadocuments.com/doc/25-30457731-dc


ISO/DIS 21013-3:2025(en)

νi specific volume, safety relief valve inlet m3/kg

νl specific volume of saturated liquid at relieving pressure, P m3/kg

νla specific volume of saturated liquid at a pressure of 1,013 bar m3/kg

νu average specific volume of flowing fluid upstream of pressure relief valve inlet m3/kg

ψ expression for determining Qm and T for critical or gas-full-vessel fluid flow condi-
tions

m3/2·kg1/2/
kJ

4	 Calculation of the total quantity of heat transferred per unit time from the hot wall 
(outer jacket) to the cold wall (inner vessel)

4.1	 General

P (in bar abs) is the actual relieving pressure inside the vessel which is used for calculating the required 
mass flow through pressure relief devices.

Ta (in K) is the maximum ambient temperature for conditions other than fire (as specified, for example, by a 
regulation or standard).

Tf (in K) is the external environment temperature under fire conditions which is taken to be 922 K in this 
part of ISO 21013.

T (in K) is the relieving temperature in the vessel to be taken into account.

a)	 For subcritical fluids, T is the saturation temperature of the liquid at pressure, P.

b)	 For critical or supercritical fluids, T is calculated from 5.2.

4.2	 Under conditions other than fire

4.2.1	 Vacuum-insulated vessels under normal vacuum

W1 is the quantity of heat transferred per unit time (in watts) by heat leak through the insulation system.

W U A T T
1 1

= ⋅( ) −( )a
	 (1)

where

  U1 is the overall heat transfer coefficient of the insulating material under normal vacuum,  
in W/(m2⋅K);

  U
k
e1

1

1
= ;

  k1 is the mean thermal conductivity of the insulating material under normal vacuum, between  
T and Ta, in W/(m⋅K);

  e1 is the nominal insulating material thickness, in metres;

  A is the arithmetic mean of the inner and outer surface areas of the vessel insulating material,  
in m2.
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