International
Standard

ISO 24664

Refrigerating systems and heat

Firstcedition

Reference number

pumps +— Pressure relief devices 2024-1
and their associated piping —
Methods for calculation
Systémes de réfrigération et pompes a chaleur — Dispositifs de
limitation de plression et tuyauteries associées — Méthodes de calcul
© 1SO 2024

ISO 24664:2024(en)



https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

ISO 24664:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

ISO 24664:2024(en)

Contents
Foreword
Introduction
1
2
3
4
5
6 Minimum required discharge capacity for protection of parts of a refrigerating syst
6.1 GENETAL.oooo e
6.2 Excessive pressure caused by heat sources...
6.2.1 External heat sources.................
6.2.2  Internal heat SOUICES. ..o e
6.3| Excessive pressure caused by COMPressors ... S,
6.4 Excessive pressure caused by expansion of trapped liquid.............. (.0
7 Discharge capacity of pressure relief devices
7.1 GENETAL. .o
7.2 Discharge capacity of pressure relief valves ... G
7.3 Discharge capacity of bursting diSCs ... N
8 Pressure loss in inlet and outlet LINes ... gad e
8.1 GeNETal. .o
8.2 Pressure loss in inlet line ...
8.3| Pressure loss in outlet line
8.4 Total PreSSUIE LOSS ..ot s
8.5 Connection of outlets from several pressure relief valves to a common outlet line...
Annex A (:rormative) Values of factors and properties of refrigerants ...
Annex B (informative) Calculation of flow areas for non-flashing and flashing liquids........
Annex C | (informative) Example tcalculation for sizing pressure relief devices W
corresponding pipes and fiEEIRES ...
Annex D (informative) Relief valve'outlet line when velocity is higher than speed of sound...
BIDLIOGIAIINY ..o s

© IS0 2024 - All rights reserved
iii



https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

ISO 24664:2024(en)

Foreword

[SO (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 document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This documentis based on EN 13136:2013+A1:2018 and applicable parts of ISO 4126-1:2013,1S0 4126-2:2018
and ISO 21922:2021.

It is suited to the specific requirements, and includes the data, of refrigerating systems. It provides means of
satisfying the pressure relief devices requirements of EN 378-2:2016 and ISO 5149-2:2014.

© IS0 2024 - All rights reserved
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International Standard

ISO 24664:

2024(en)

Refrigerating systems and heat pumps — Pressure relief
devices and their associated piping — Methods for calculation

1 Scope

This document describes the calculation of:

mass f

discha
includ
systen

— the pr¢
and in

This docujn

pressure
heaters, et

NOTE 'l

2 Norm

The follow
requireme
the latest ¢

[SO 4126-1]
[SO 4126-2
[SO 21922:

EN 13501-
using data |

3 Term

low for sizing pressure relief devices for parts of refrigerating systems;

rge capacities for pressure relief valves and other pressure relief devices in reffigerati
ng the necessary data for sizing these when relieving to atmosphere or to partof the re
| at lower pressure;

pssure loss in the inlet and outlet lines of pressure relief valves and ethér pressure re
[ludes the necessary data.

ent specifies the requirements for selection of pressure relief devices to preven
ue to internal and external heat sources, the sources of inCreasing pressure (e.g. c
") and thermal expansion of trapped liquid.

'he term "refrigerating system" used in this document includes heat pumps.

ative references

ng documents are referred to in the text in'such a way that some or all of their content
nts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

:2013/Amd 1:2016, Safety devicesfor protection against excessive pressure — Part 1: Saf

:2018, Safety devices for pretection against excessive pressure — Part 2: Bursting disc sq|

:2018, Fire classification of construction products and building elements — Part 1: Cl
rom reaction tofire tests

s and definitions

For the puf

poses of this document, the terms and definitions given in ISO 21922:2021, ISO 4126-1

021, Refrigerating systems and heat pumps — Valves — Requirements, testing and mark

ng systems
frigerating

ief devices

[ excessive
DMpPressor,

ronstitutes
references,

ety valves
ety devices
ing

nssification

2013/Amd

1:2016, and ISO 4126-2:2018 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

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

IEC Electropedia: available at https://www.electropedia.org/

refrigerant
fluid used for heat transfer in a refrigerating system

Note 1 to entry: A refrigerant absorbs heat at a low temperature and a low pressure of the fluid and rejects it at a
higher temperature and a higher pressure of the fluid, usually involving changes of the phase of the fluid.

© IS0 2024 - All rights reserved
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[SOURCE: ISO 817:2024, 3.1.37]

3.2

part of the refrigerating system

several components assembled together and exposed to the same pressure in operation or pressure source,
respectively, as determined by the manufacturer

3.3
pressure relief device
pressure relief valve or bursting disc device designed to relieve excessive pressure automatically

3.4
pressure relief valve

pressure aftuated vatve hetd strut by a Spring or otier means and designed to Telieve excessive pressure
automaticdlly by starting to open at a set pressure and re-closing after the pressure has fallen below the set
pressure

Note 1 to ehtry: For the purposes of this document, the definition of a safety valve as giver-in'ISO 4126-1:2013 is
regarded eduivalent to a pressure relief valve.

3.5
pressure yessel
any refriggrant-containing component of a refrigerating system other thant

— coils (including their headers) consisting of pipes with air as secondary fluid;
— piping|and its valves, joints and fittings;

— control devices;

— pressure switches, gauges, liquid indicators;

— safety|valves, fusible plugs, bursting discs;

— equipment comprising casings or machinery where the dimensioning, choice of mdterial and
manufpcturing rules are based primarily.on requirements for sufficient strength, rigidity and stability
to megt the static and dynamic operational effects or other operational characteristics and for which
pressure is not a significant design factor. Such equipment may include: pumps and compresgors.

Note 1 to entry: The semi-hermetic and-epen type compressors used in refrigerating systems may be sybject to the
exclusion afticle 1.2.j of the EU Directive 2014/68/EU by referring to the working party group guidelinef WPG A-11,
A-12 and B-B4. The compressor mantfacturer has to decide on the basis of a case by case assessment, if the exclusion
article 1.2.j pf the EU Directive.2014/68/EU is applicable.

Note 2 to enftry: This definitien is aligned to EU Directive 2014/68/EU.

3.6
nominal sjze
DN
alphanumgricidesignation of size for components of a pipework system, which is used for referende purposes
comprising the letters DN followed by a dimensionless whole number which is indirectly related to the
physical size, in millimetres, of the bore or outside diameter of the end connections

Note 1 to entry: The number following the letters DN does not represent a measurable value and should not be used for
calculation purposes except where specified in this document.

Note 2 to entry: Where the nominal size is not specified, for the purpose of this document it is assumed to be the
internal diameter of the pipe or component in mm (DN/ID).

Note 3 to entry: Nominal size is not the same as port size which is commonly used for the size of the valve seat opening.

[SOURCE: ISO 6708:1995, 2.1, modified — Note 2 and 3 to entry added.]

© IS0 2024 - All rights reserved
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4 Symbols
Symbol Designation Unit
4 Actual flOYV area of the pressure reli_ef devi_ce. .The flow area at the most narrow mm2
actual cross section when the pressure relief device is fully open
Acfrective Effective area of the pressure relief device mm?
Ajiq Calculated flow area of liquid after expansion mm?
Ag Inside area of tube mm?
Agure External surface area of the vessel m?
Ayap Calculated flow area of vapour after expansion mm?
DN Nominal size —
d Actual most narrow flow diameter of the pressure relief device pipb‘
dg Inside diameter of tube 8 im
f Darcy friction factor r,\b; © -
Ahy,, Heat of vaporisation b‘%‘u k]/kg
Keap Capacity correction factor . -
K Certi.fied coefficient of discharge considerir_lg the backpressure ratio@‘ﬂo andthe |
d possible reduced stroke of the pressure relief valve &\
Ky, De-rated coefficient of discharge /. o -
Kin De-rated coefficient of discharge for liquid AO‘ -
K, Valvg constant (the rate of water flow for a pressure 10§\0\K1 bar at the rated full m3/h
opening) (R0
K isc Viscosity correction factor %) ) -
K, olume Trapped liquid factor k\\} ) mm?/1
L Length of pipe :\‘@“‘ mm
m mass X (\“ kg
n Rotational frequency N‘\'V min-|!
Patm Atmospheric pressure (1,013 2}?&&'}‘ bar
Py Back pressure at outlet of pIesgk{fe relief device, absolute bar
Pec Critical absolute pressupg$\ bar
Pconnection Pressure in connectio@p\d{nt bar
Py choked Choked pressure,r@)’ -
Set pressure, \Q (the pre-determined pressure at which a pressure relief device
Pset under operation'starts to open) bar
Ap Pressur&@g bar
AP common Pres@.xloss in common outlet line bar
Ap;, E@lre loss in the inlet line to the pressure relief device bar
Apout d Pressure loss in the outlet line from the pressure relief device bar
Po ~TACTUatabsoluTe Telieving pressure bar
121 Absolute pressure at the inlet to the outlet line of the pressure relief device bar
Qn Rate of heat production, internal heat source kW
Omadusted Adjuste(_i digche}rge capacity, of the pressure relief device. Used for pressure drop kg/h
: calculation in piping
Qpm.common Mass flow in common outlet line kg/h
Qnmliq Flow of liquid after expansion kg/h
Qi relief Calculated refrigerant mass flow rate of the pressure relief device kg/h
Qm required Minimum required discharge capacity, of refrigerant, of the pressure relief device  |kg/h

NOTE 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?Z.

© IS0 2024 - All rights reserved
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Symbol Designation Unit
[ Flow of vapour after expansion kg/h
A Theoretical discharge capacity kg/h-mm?
qm Actual discharge capacity determined by tests kg/h-mm?2
R Bending radius of bend mm
Re Reynolds number -
s Thickness of insulation m
u Velocity in line m/s
%4 Theoretical displacement (volume) m3
1% Specific volume of vapour or liquid m3/kg
Vo Specific volume of vapour in inlet line m3/kg
12} Specific volume at the inlet to the outlet line of the pressure relief device m?/kg
wy Actual flow speed of liquid in the smallest section of pressure relief valve m/s
wy Speed at the inlet into the outlet line m/s
Vapour fraction of refrigerant at p, -
Flush connection angle °
Heat capacity ratio -
&R Pipe roughness mm
{ Pressure loss coefficient -
N Pressure loss coefficient related to DN -
Chittings Pressure loss coefficient of fittings -
Chipes Pressure loss coefficient of pipes in outlet line -
Giotal Total pressure loss coefficient in outlet line -
ny Volumetric efficiency estimated at suction préssure and discharge pressure equivalent |-
to the pressure relief device setting
Kinematic viscosity m?2 /4
p Density of vapour or liquid kg/m3
Po Density of vapour in inlet line kg/r+3
P10 Vapour density at refrigerant saturation pressure/dew point at 10 °C kg/rﬁ3
¢ Density of heat flow rate kW/m?2
Pred Reduced density of heat flow rate kW/m?2
NOTE 1bhr=0,1 MPa=105Pa;\MPa=1N/mm?2.
5 General
This docurment describes the calculation of:
— The reguired discharge capacity of a pressure relief device.

— The actual capacity of a pressure relief device.

— Pressure losses in inlet and outlet lines from the pressure relief device.

The capacity of the pressure relief device (calculated in Clause 7), shall be larger than the required capacity
(calculated in Clause 6), and the pressure losses (calculated in Clause 8) shall be within given limits for the

pressure relief device to operate correctly.

The Formulae in Clause 7 are only valid for discharge of refrigerant gas or vapour.

NOTE1 Calculations of flow areas for pressure relief devices for non-flashing and flashing liquids are given in

Annex B. Example calculations with corresponding piping are given in Annex C.

© IS0 2024 - All rights reserved
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NOTE 2
in EN 378-2

ISO 24664:2024(en)

and ISO 5149-2.

Requirements for protection against excessive pressure in refrigerating systems and heat pumps are given

For design and manufacturing of bodies, bonnets and bolts for pressure relief devices (safety valves and
bursting discs) and for the specification of strength pressure test, ISO 21922:2021 applies.

For other aspects, the requirements of ISO 4126-1:2013/Amd 1:2016, Clause 5, Clause 7, and Clause 10, and
[SO 4126-2:2018, Clause 17, apply.

The actual

po =1,

For calculd
vaporisatig

For calculg

specific vo

For calculaftion of pressure losses in inlet and outlet lines, knowledge of the density)p; (or specific
is required.

The values

a)
If

51

El

b)
satura

The value
refrigerant

To check if]
of the refr
outlet line
at the outlq
mixture of
the outlet ]

6 Minin

If the |

If the [

absolute relieving pressure of a pressure relief device is calculated as:

1'pset * Patm

e8]

TIon of the required discharge capacity of a pressure reliel device, knowledge of
n Ah,,, of the refrigerant is required.

ume V) and the heat capacity ratio y of the refrigerant is required.

are found at the following conditions:
ressure p, is less than the critical pressure of the refrigerant:

he saturated gas temperature corresponding to p, is higher than the critical tempera
K, then p, vy and Ah,,, are found at saturated gas atéritical temperature minus 5 K.

ressure p, is higher than the critical pressure of the refrigerant, then p, vy and Ah, ., a
ted gas at critical temperature minus 5K

of the heat capacity ratio y shall\be’ found at 25 °C and 1,013 25 bar. Values of y fg
s can be found in Table A.1.

the velocity in the outlet lineis larger than the speed of sound, the density and the spe{
gerant at the outlet of the-outlet line are needed. The refrigerant properties at the o
are found assumingsenthalpic expansion from the relieving condition (p, v,) to th
et of the outlet linglAf the isenthalpic expansion results in either a mixture of gas and|
gas and solid, then the density and speed of sound of saturated gas at the pressure att
fine are used,

hum requaired discharge capacity for protection of parts of a refrigeratir

he heat of

tion of the actual discharge capacity of a pressure relief device, knowledge of the density p, (or

volume v,)

fure minus

se pg, vy and Ah,,, are found at saturated gas.«atpressure p,. If the inlet temperature is given
(superheated gas), then p,, vy and Ah,,, are founghat pressure p, and the inlet temperatu

re.

re found at

r different

bd of sound
Litlet of the
e pressure
liquid or a
he outlet of

g system

6.1 General

Calculations are based on known or assumed processes, which result in an increase in pressure. All
foreseeable processes shall be considered. The commonly relevant processes are covered in 6.2, 6.3 and 6.4.

NOTE Information about necessary protection measures against excessive pressure can be found in system safety
standards such as ISO 5149-2 and EN 378-2. For instance due to standstill pressure, pressure to internal or external
heat sources, or trapped fluid.

In case of supercritical pressure, the pressure relief valve shall be suitable for both gas and liquid.

In case of relieving CO, to a pressure below the triple point (e.g. atmospheric pressure), there is a possibility
to create solid CO,. Necessary precautions shall be taken to ensure safe operation.

© IS0 2024 - All rights reserved
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Even if a vessel contains only gas, it might in some situations contain liquid and should therefore for the
purpose of this document be treated as a vessel containing both liquid and gas.

6.2 Excessive pressure caused by heat sources

6.2.1 External heat sources

The minimum required discharge capacity of the pressure relief device for pressure vessels is calculated as
in Formula (2):

3600-9- A
Qm, required — Tsur (2)

vap

For pressulre vessels in this document, the density of heat flow rate ¢ is assumed to be 10 kV\lf/mz, but a
higher valye shall be used if necessary.

When the thickness, s, of the insulation of the pressure vessel is higher than 0,04 m(and the irfsulation is
tested for ffeaction to fire according to EN 13501-1:2018 and classified better than class C, a redu¢ed density
of heat flow rate shall be used as a minimum value:
. 0,04

s

Oreq =9 (3)

For pressufe vessels the total external surface area of the vessel is cdlculated depending on geonietry.

<>

o~
e[

Figure 1 — Plate heat exchanger (PHE)
%
N
Y
\A

Figure 2 — Plate and shell heat exchanger (PSHE)

© IS0 2024 - All rights reserved
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For plate h
A

sur

ISO 24664:2024(en)

eat exchangers (see Figure 1) the surface area is calculated as per Formula (4):

f=2-(Ly-Ly+Ly-L3+Ly-L3)

(4)

For plate and shell heat exchangers (see Figure 2) the surface area is calculated as per Formula (5):

Agyrf =

T
2'(Z'd12)+(”‘d1'L1)

(5)

Higher values for density of heat flow rate than 10 kW/m? may be necessary where, in case of fire, full
engulfment of the pressure vessel is to be expected and/or in the case the pressure vessel is insulated with a
flammable insulation. Other calculation methods could be necessary in case of heat radiation with a higher

heat flow

6.2.2

For condit

capacity of

3600-Qy
Qm, required = m
6.3 Excgssive pressure caused by compressors

The mininj

Qm,reqL
In Formulg
highest all

NOTE1 1
there are nd

NOTE2 |
to exceed th

NOTE3 1§
pressure in

NOTE4 |

6.4 Exce

For protec
relief devi

A

where K

Int

effective

volume

4 fad & A | £l ]
ITTCULUU LU UTIU SIUT UL LIIU VU OSOUIL.

ernal heat sources

ons, which arise due to an internal source of excessive heat, the minimufmtrequired
the pressure relief device is calculated as per Formula (6):

um required discharge capacity of the pressure relief\device for excessive pressure

compressors is calculated as:

d :60Vnpnv

ire
(7) the saturated gas density value at the*highest allowable suction pressure shall b¢
bwable suction pressure is defined by the'’compressor manufacturer.

[n cases where discharge shut-off valvés‘are not fitted, a high-pressure relief device will suffic
intermediate shut-off valves.

Non-positive displacement cempressors need not have a pressure relief device providing it is
e maximum allowable pressure.

Relieving to the low-pressure side can cause compressor overheating and / or uncontrol
compressors (e.g. ill\serew compressors).

N 12693 covets eompressors, which can run against a closed discharge valve.

ssive pressure caused by expansion of trapped liquid

fien ‘against pressure caused by expansion of trapped liquid, the effective area of th

discharge

(6)

caused by

(7)

b used. The

e, providing

hot possible

ed internal

€ pressure

eshallbhe calculated based on the volume of the frappnd ]iqnid-

=Kolume * Vtrapped

is 0,02 mm?/1 and the effective area of the pressure relief device is defined as:

Actrective = Aactual Kar

(8)

9)

If the calculated effective area results in a flow diameter less than 1 mm, then the diameter shall be selected

tol mm:d

>1mm

© IS0 2024 - All rights reserved
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For refrigerants where the temperature difference between relieving temperature and critical temperature
is less than 20 K, the value of K, shall be at least 0,04 mm?2/1.

olume

NOTE Liquids having a temperature close to the critical temperature expand considerably.

It is advisable to consider the backpressure ratio p,/p, and the possibly reduced stroke of the pressure
relief valve.

The possibility of contamination by dirt should be considered.

Where practicable, the pressure relief device shall relieve to the low-pressure side of the system and the
pressure relief device shall meet the requirements even at maximum back pressure.

7 Discharge capacity of pressure relief devices

7.1 General

For the mg@st common use of pressure relief devices in refrigerating systems, the back pressufe is lower
than approximately 0,5 times the relieving pressure (p, < 0,5 - p,), which indicates$ that the flow through the
pressure relief device is choked.

The flow of gas or vapor through an orifice, such as the flow areas of a priessure relief device, increases as
the outlet pressure is decreased until choked flow is achieved. Furtherdecrease in outlet pressyre will not
result in any further increase in the flow.

For pressure relief valves where the lift is a function of back pressure, the manufacturer shall state the
maximum permissible back pressure ratio p,/p, and the related‘Certified coefficient of discharge donsidering
the possiblly reduced stroke of the pressure relief valve.

7.2 Disdharge capacity of pressure relief valves

The mass flow of gas through a pressure relief valve can be calculated as:
- Po
Qm,relief_1'1384"A'Kdr'Kcap' V_ (10)
0

NOTE1 The factor 1,1384=vV 10710703600 is a result of converting between units.
The de-rated coefficient of dischatrge is calculated as:

K4 =0,9-K, (11
where|the coefficient of discharge is calculated from:

K, _dm. (12)
aq

11

NOTE 2  The factor 0,9 in Formula (11) is a safety factor used when calculating the discharge capacity of pressure
relief valves.

The value of the capacity correction factor K,, depends on whether the flow through the pressure relief
valve is choked or not.

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

ISO 24664:2024(en)

Choked flow occurs when the pressure ratio p,/p, is less than or equal to the choked pressure ratio:

Py
—= pr,choked

bo
Where the choked pressure ratio is calculated as:
v
p (2
r,choked v+ 1

For choked flow the value of the capacity correction factor is:

(13)

(14)

K

cap

If the flow

K

cap

The choked
and non-ch

NOTE3 [

foF

y+1
2

_)y 1

s not choked, then the capacity correction factor is calculated as:
2 y+1

(IR

| pressure ratio for different refrigerant is given in Annex A;Table A.1, and values of K,
oked flow are given in Annex A, Table A.1 to Table A.3.

y+1

27
y-1

Py
Po

Py
Po

ormula (10) to Formula (16) give identical results to corfésponding Formulae in EN 13136:20

and ISO 412

When calc
pressure r¢
mass flow

if Qpy

if Qv
The adjust

7.3 Disd

Domed buf
is applied t
occur initia

6-7:2013.

ulating pressure drop in inlet or outlet piping and fittings, and the discharge capd
lief valve Q, ¢ief IS considerable larger thaxthe required capacity Q,,, . then the

uired’
ised in the pressure drop calculations canbe adjusted according to theqf

lief < (1' 25- Qm, required ) then Qm,adjusted = Qm,required
Qm relief
blief 2 (1'25 : Qm, required ) then Qm,adjusted = 125

bd mass flow rate is-ised when calculating pressure drop in piping and fittings.

harge capacity of bursting discs

sting discs'shall be designed so that they burst due to tensile forces when the burstin
o0 the concave side of the bursting disc. They shall be domed such that no further plast
11y whien the bursting disc is subject to its intended operating condition.

ollowing rules:

(15)

(16)
b at choked
13+A1:2018

city of the
refrigerant

(17)

(18)

g pressure
ic flow will

The disch

'I‘gﬂ PQpﬂf‘If‘] f\F 'J ]"\'I‘Y'Cf'l“g I']'ICP C}'\Q]] ]’\D P'J]I‘ll]ﬂfﬂ{" Frr\m th Fnrmn]a gnrnn l'l’\ 7 ? T]‘\

e following

values for K, shall be the maximum used depending on how the pipe between the vessel and the bursting
disc is mounted on the vessel:

a)
b)

flush or flared connection (see Table A.2): K4, = 0,70.

inserted connection (see Table A.2): K;,. = 0,55.

If the Kj, -value of the bursting disc itself is lower than the maximum value given above, then the smaller

value shall

be used in the calculation.

© IS0 2024 - All rights reserved
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ure loss in inlet and outlet lines

8.1 General

To ensure correct operation of a pressure relief device, the pressure loss in both inlet and outlet lines,

including a

The values

ny changeover device shall not exceed the following:

stated by the manufacturer of the pressure relief device, but not more than:

— Inletline (including changeover device):

Apin <

0,03-p,

(19)

Outlet

Ba

Af

B4
Af

The velocit
the speed
resulting s
how to calg

The flow a
flow area 4

NOTE
and temper

8.2 Preqd

The pressy

Ap=f

When usin

Ap=0,

It is expected that pipes in both inlet and outlet line are selected so that they can withstand 4

line:
ck pressure dependent pressure relief device:

D SO,lOpO

out

ck pressure independent pressure relief device:

Dout SO,ZOPO

y in the inlet line shall not reach the speed of sound. If th@ v€locity in the outlet line is
bf sound, then either the pipe diameter shall be increased and/or the pressure drop

hock shall be included in the total pressure drop of the-outlet line. Annex D includes an
ulate this.

rea of piping or changeover devices in the inlet and outlet lines shall not be less than

actual Of the pressure relief device.

hture during discharge.

sure loss in inlet line

re loss in the inlet line is-calculated using the Darcy-Weisbach Formula:

p the adjusted mass flow instead of velocity, the Formula can be written as:

]

Qm,adjusted

3858-f-i-v0- y
R

dp

(20)

(21

arger than
across the
example of

the actual

he pressure

(22)

(23)

NOTE 1

Depending on the type of component in the inlet line, Formula (23) can be formulated differently.

The factor 0,3858= 1

10°
3600

-107° is a result of unit conversion and simplification.

2

|

© IS0 2024 - All rights reserved
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For pipes, Formula (23) is used directly. The friction factor, £, is calculated from von Karman’s equation for
fully developed turbulent flow:

= 1 (24)

2
3,71-d
€R

Values for pipe roughness can be found in Table A.5 in Annex A.

NOTE 2  If the flow is not fully turbulent other formulae can be used to calculate the friction factor (for example
according to [Colebrook, 1939]).

For fittings the pressure loss is calculated by means of the pressure loss coefficient:

L

C=f1— (25)
iR
The pressyre loss using Formula (23) is then calculated as:
Qm,adjusted |
Ap=0,3858~{-v0-[%]uste] (26)
R

Pressure 1gss coefficients for typical fittings shall be according to Annex A, Table A.4 .

If the manpfacturer provides the pressure loss coefficient )y forydevices (valves) related to the nominal
diameter (PN), itis converted to the pressure loss coefficient { for the actual internal diameter of the pipe from:

dg 1"
CZ[EV} -CpN (27)

When the flow coefficient K ¢ of a changeover device\is given, then the pressure loss using Formula (23) is
calculated ps:

2
Q .
Ap =V, ( m,adjusted '10_3 [28)
Kys

8.3 Pregsure loss in outlet line
The pressulre loss in the outletline’is calculated using formulae for compressible isothermal flow of dn ideal gas.

The pressyre loss formula ¢an be simplified to:

2 1
p1 —Dj

2 V1
':0'7716'Qm,adjusted '_Z‘Ctotal (29)
P1 Ag
1012
NOTE hefactor U,7716= — > < isa result of unit conversion and simplification.
3600°-10
When it is assumed that p; -v{ =p, -v, then the inlet pressure, p;, to the outlet line can be calculated as:
2 Po Vo 2
P1 :\/0'771 6'Qm,adjusted ) 42 'Ctotal +DPp (30)
R

For pipes, the pressure loss coefficient is calculated as:

L
Cpipe :fa (31)

Where the friction factor, f; is calculated using Formula (24).

© IS0 2024 - All rights reserved
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For fittings, the pressure loss coefficients shall be according to Annex A, Table A.4.

The total pressure loss coefficient is calculated as the sum of the individual pressure loss coefficients:

Ctotal = Cpipes + Cfittings (32)

8.4 Total pressure loss

The total inlet pressure loss is calculated by summing the pressure loss of all elements (pipes, changeover
valves and fittings) in the inlet line:

Apiy =Y Ap (33)

The total gutlet pressure loss is calculated as the difference between p;, calculated using Fetmula (30), and
the back pressure:

APout FP1 Db (34)

8.5 Connection of outlets from several pressure relief valves to a cetnmon outlet line

If several gressure relief valves are connected to a common outlet line, tHen the outlet pressure |oss for the
common life is calculated using Formulae (29) to (34). The adjusted mdSs flow used in the calculgtions shall
be the sum| of the adjusted mass flows from all pressure relief valveS/connected to the common oytlet line as
shown in Higure 3 and calculated in Formula (35).

Pb
®
|20
C
\
® :
1 .2 e
J\NX P sef,1 ANX p set,2 p sef,n
|
|
—

outlet line from-pressure relief valve 1
outlet line-from pressure relief valve 2

1
2
n  outletline from pressure relief valve n
C  connection point

0

common outlet line

Figure 3 — Several pressure relief valves connected to common outlet line

© IS0 2024 - All rights reserved
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n
Qm, common — sz,adjusted,i

i=1

(35)

The pressure and density (p,, v,) from the line with the highest actual relieving pressure, p, shall be used
when calculating the common outlet line.

When the pressure drop in the common outlet line has been calculated, the pressure in the connection point
can be calculated:

pconnection :pb +Apcommon

(36)

The pressure in the connection point shall then be used as back pressure in Formula (30) when the pressure

loss in the

ndividual outlet lines from each pressure relief valve is calculated:

P1

|

The total pressure drop in any of the individual outlet lines (including the common outlet lin

within the

If the pres

drop in the
Apout,]

Apout,Z

APout,

If the presj

individual

from Formpula (21) apply.

NOTE

]

Povo
4%

2 2
,7716- Qm,adjusted : Ctotal T Peonnection

limits given by Formulae (20) and (21).

sure relief valves are back pressure dependent, this means that the limit for the totd
individual outlet lines for each of the pressure relief valves is given by:

+Apcommon < 0'10'(1'1'pset,1 * Patm )

+Apcommon < 0'10'<1'1 "Pset,2 + Patm )

+Apcomm0n <0,10- (1'1'pset,n * Patm )

ure relief valves are back pressure independent, then the limit for the total pressure
putlet lines for each of the pressure relief valves is calculated correspondingly, excep]

Nixing different refrigerants in a common outlet line can lead to problems due to chemical rea

(37)

e) shall be

Wl pressure

(38)

Arop in the
that limits

tions.

© IS0 2024 - All rights reserved
13


https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

Values of factors and properties of refrigerants

ISO 24664:2024(en)

Annex A
(normative)

Table A.1 — Properties of refrigerants

Refrigerant number? Heat :ﬂﬁcity Choke“(:‘ giﬁssure Capacity correct‘il(')‘r'll iactor for choked
Y Pr.choked Kcap Aﬂ,b‘
R-11 1,10 0,58 0,63
R-12 1,12 0,58 063% "
R-13 1,14 0,58 (064
R-14 1,16 0,57 . r064
R-22 1,17 0,57 7 064
R-23 1,19 0,57 A0 0,65
R-32 1,24 0,56 & 0,66
R-50 1,31 0,54 oV 0,67
R-113¢ 1,06 0,59 N 0,62
R-114 1,04 0,60 0,62
R-115 1,09 0,59 =5 0,63
R-116 1,09 0,593 0,63
R-123¢ 1,10 0,58 0,63
R-124 1,10 0,58 0,63
R-125 1,10 O 058 0,63
R-134a 1,12 0,58 0,63
R-141b © 1,10 ) 0,58 0,63
R-142b 112 - 0,58 0,63
R-143a 113, 0,58 0,63
R-152a G5 0,57 0,64
R-170 21,20 0,56 0,65
R-E170 <7 116 0,57 0,64
R-218 Re) 1,07 0,59 0,62
R-227ea N 1,07 0,59 0,62
R-236fa |~ N 1,08 0,59 0,62
R-245fa = 1,10 0,58 063
R-290 1,14 0,57 0,65
R-C318 1,07 0,59 0,62
R-600 1,10 0,58 0,63
R-600a 1,10 0,58 0,63
R-601 ¢ 1,07 0,59 0,62
R-601ac 1,07 0,59 0,62

a2 The R-numbers are in accordance with IS0 817:2024.

b The values are based on a temperature of 25 °C and a pressure of 1,013 25 bar.

¢ Thevalues are based on a temperature of 100 °C and a pressure of 1,013 25 bar.

14
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Table A.1 (continued)

Refrigerant numbera Hea; :?il())%city Choke;(; t;;l(;ebssure Capacity correctfil(())r‘:V {)actor for choked

Y Pr.choked Kcap
R-717 1,31 0,54 0,67
R-718 ¢ 1,32 0,54 0,67
R-744 1,30 0,55 0,67
R-764 1,27 0,55 0,66
R-1150 1,25 0,55 0,66
R-1224yd(Z) 1,10 0,59 0,63
R-1233zd(H) 1,10 0,58 0,63 N
R-1234yf 1,10 0,58 063 L
R-1234ze(H) 1,10 0,58 0,63 1/
R-1270 1,14 0,58 06
R-1336mzz[Z) © 1,06 0,59 0,62
R-401A 1,15 0,57 () 064
R-401B 1,16 0,57 N2 064
R-401C 1,14 0,58 L, O 0,64
R-402A 1,13 0,58 e 0,63
R-402B 1,15 0,57 LT 0,64
R-403A 1,15 0,57 N 0,64
R-403B 1,13 058 9@ 0,63
R-404A 1,12 0,58 o\~ 0,63
R-405A 1,12 0,58 0,63
R-406A 1,10 0,58 0,63
R-407A 1,14 L 0,58 0,64
R-407B 1,12 A7 0,58 0,63
R-407C L4 | 0,58 0,64
R-407D 114 A~ 0,58 0,64
R-407E 1157 0,57 0,64
R-407F 115" 0,57 0,64
R-407G oAz 0,58 0,63
R-407H ) 116 0,57 0,64
R-4071 < L14 0,58 0,64
R-408A M 1,15 0,57 0,64
R-409A | <\ 1,15 0,57 0,64
R-409B | & 1,16 0,57 0,64
R-410A 1,17 0,57 0,64
R-410B 1,17 0,57 0,64
R-411A 1,18 0,57 0,64
R-411B 1,18 0,57 0,64
R-412A 1,16 0,57 0,64
R-413A 1,11 0,58 0,63

a  The R-numbers are in accordance with ISO 817:2024.

b The values are based on a temperature of 25 °C and a pressure of 1,013 25 bar.

¢ Thevalues are based on a temperature of 100 °C and a pressure of 1,013 25 bar.

© IS0 2024 - All rights reserved
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Table A.1 (continued)

Refrigerant numbera Hea; :?il())%city Choke;(; t;;l(;ebssure Capacity correctfil(())r‘:V {)actor for choked

Y Pr.choked Kcap
R-414A 1,14 0,58 0,64
R-414B 1,14 0,58 0,64
R-415A 1,18 0,57 0,64
R-415B 1,16 0,57 0,64
R-416A 111 0,58 0,63
R-417A 1,11 0,58 0,63
R-417B 111 0,58 0,63
R-417C 1,12 0,58 063 L
R-418A 1,18 0,57 0,64 b
R-419A 1,11 0,58 0%63"
R-419B 1,11 0,58 0,63
R-420A 1,12 0,58 () 063
R-421A 1,11 0,58 2 063
R-421B 111 0,58 , o 0,63
R-422A 1,11 0,58 e 0,63
R-422B 1,11 0,58 LT 0,63
R-422C 1,11 0,58 N 0,63
R-422D 1,11 058 9@ 0,63
R-422E 111 0,58 o - 0,63
R-423A 1,10 0,58 0,63
R-424A 1,11 0,58 0,63
R-425A 1,14 L 0,58 0,64
R-426A 1,12 A7 0,58 0,63
R-427A 113 1| 0,58 0,63
R-427B 114 A~ 0,58 0,64
R-428A 111, 0,58 0,63
R-429A 119" 0,58 0,64
R-430A a4 0,58 0,64
R-431A ) L4 0,58 0,64
R-432A o~ 116 0,57 0,64
R-433A M 1,14 0,58 0,64
R-433B <\ 1,14 0,58 0,64
R-433¢ |& 1,14 0,58 0,64
R-434A 1,11 0,58 0,63
R-435A 1,16 0,57 0,64
R-436A 1,12 0,58 0,63
R-436B 1,12 0,58 0,63
R-436C 1,13 0,58 0,64
R-437A 1,12 0,58 0,63

a2 The R-numbers are in accordance with ISO 817:2024.
b The values are based on a temperature of 25 °C and a pressure of 1,013 25 bar.

¢ Thevalues are based on a temperature of 100 °C and a pressure of 1,013 25 bar.
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Table A.1 (continued)

Refrigerant numbera Hea; :?il())%city Choke;(; t;;l(;ebssure Capacity correctfil(())r‘:V {)actor for choked

Y Pr.choked Kcap
R-438A 1,12 0,58 0,63
R-439A 1,17 0,57 0,64
R-440A 115 0,57 0,64
R-441A 1,12 0,58 0,63
R-442A 115 0,57 0,64
R-443A 1,15 0,57 0,64
R-444A 112 0,58 0,63
R-444B 1,16 0,57 064 L
R-445A 111 0,58 0,63
R-446A 1,19 0,57 06
R-447A 1,20 0,56 0,65
R-447B 1,20 0,56 () 065
R-448A 1,14 0,58 N2 064
R-449A 1,14 0,58 , o 0,64
R-449B 1,14 0,58 e 0,64
R-449C 1,13 0,58 LT 0,64
R-450A 1,11 0,58 N 0,63
R-451A 1,10 058 9@ 0,63
R-451B 1,10 0,58 \ 0,63
R-452A 1,12 0,58 0,63
R-452B 1,20 0,57 0,65
R-452C 1,12 L 0,58 0,63
R-453A 1,14 A7 0,58 0,64
R-454A 115 {7 0,58 0,64
R-454B 120 % 0,56 0,65
R-454C 1,13C,7 0,58 0,63
R-455A 113" 0,58 0,63
R-456A oAz 0,58 0,63
R-457A ) 113 0,58 0,63
R-458A < 1,14 0,58 0,64
R-459A M 1,20 0,57 0,65
R-459B <\ 1,13 0,58 0,63
R-460A | & 1,12 0,58 0,63
R-460B 1,14 0,58 0,64
R-460C 1,11 0,58 0,63
R-461A 1,11 0,58 0,63
R-462A 1,12 0,58 0,63
R-463A 1,17 0,57 0,64
R-464A 1,14 0,58 0,64

a  The R-numbers are in accordance with ISO 817:2024.

b The values are based on a temperature of 25 °C and a pressure of 1,013 25 bar.

¢ Thevalues are based on a temperature of 100 °C and a pressure of 1,013 25 bar.
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Table A.1 (continued)

Refrigerant numbera Hea; :?igﬂcity Chok(;(:l t;;l(;gssure Capacity correctfil(())l‘:V {)actor for choked

Y Pr,choked Kcap
R-465A 1,13 0,58 0,63
R-500 1,12 0,58 0,63
R-501 1,18 0,57 0,64
R-502 1,13 0,58 0,63
R-503 1,16 0,57 0,64
R-504 1,17 0,57 0,64
R-507A 1,10 0,58 0,63
R-508A 1,13 0,58 0,63
R-508B 1,14 0,58 0,64
R-509A 1,11 0,58 0,63
R-510A 1,15 0,57 0,64
R-511A 1,14 0,58 0,64
R-512A 1,15 0,57 0,64
R-513A 1,11 0,58 0,63
R-513B 1,11 0,58 0,63
R-515A 1,10 0,59 0,63
R-516A 1,11 0,58 0,63

a2 The R-nfiimbers are in accordance with IS0 817:2024.

b The valjes are based on a temperature of 25 °C and a pressure of 1,013 25 bar.

¢ Thevalyes are based on a temperature of 100 °C and a pressure of 1,013 25 bar.

Table A.2 — Capacity correction-factor for choked flow as function of y

Y

1,01

1,05 1,10

115

1,20 1,25

1,30

1,35 1,40 1,45 1,50 1,55 1,60

K_,p for chokgd flow

0,61

0,62 0,63

0,64

0,65 0,66

0,67

0,68 0,68 0,69 0,70 0,71 0,72
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Table A.3 — Capacity correction factors for non-choked flow K, ,

Heat capacity ratioy

Pu/Po 1,01 1,05 1,10 1,15 1,20 1,25 1,30 1,35 1,40 1,45 1,50 1,55 1,60
0,45 0,572 0,585 0,601 0,615 0,629 0,641 0,653 0,665 0,676 0,686 0,695 0,705 0,713
0,50 0,592 0,603 0,617 0,630 0,642 0,653 0,664 0,674 0,684 0,692 0,701 0,709 0,716
0,55 0,604 0,614 0,626 0,638 0,648 0,658 0,667 0,676 0,684 0,692 0,699 0,706 0,712
0,60 0,609 0,618 0,628 0,638 0,647 0,655 0,663 0,670 0,677 0,683 0,689 0,695 0,701
0,65 0,605 0,613 0,621 0,629 0,637 0,644 0,650 0,656 0,662 0,667 0,672 0,677 0,681
0,70 0,593 0,599 0,606 0,612 0,618 0,624 0,629 0,634 0,638 0,643 0,647 0,650 0,654
0,75 0,570 0,575 0,580 0,585 0,590 0,594 0,598 0,602 0,605 0,608 0,611 0,614 0,617
0,80 535 0539 0543 0546 0550 0553 0556 0558 0561 0563 0565 0547 0,569
0,82 D,517 0,520 0,524 0,527 0,530 0,532 0,535 0,537 0,539 0,541 0,543 0,545 0,546
0,84 D,497 0,499 0,502 0,505 0,507 0,509 0,511 0,513 0,515 0,517 0,518 0,520 0,521
0,86 0,473 0,475 0,477 0,479 0,481 0,483 0,485 0,486 0,488 0,489 0,491 0,492 0,493
0,88 D,445 0,447 0,449 0,451 0,452 0,454 0,455 0,456 0,457 0,458 0,459 0,460 0,461
0,90 0,413 0,415 0,416 0,417 0,419 0,420 0,421 0,422 0,423 0,423 0,424 0,425 0,426
0,92 D,376 0,377 0,378 0,379 0,380 0,380 0,381 0,382 0,382 0,383 0,384 0,384 0,385
0,94 D,331 0,331 0,332 0,333 0,333 0,334 0,334 0,335 0,335 0,335 0,336 0,336 0,336
0,96 D,274 0,275 0,275 0,275 0,276 0,276 0,276 0,276 0,277, 0,277 0,277 0,277 0,277
0,98 D, 197 0,197 0,197 0,197 0,197 0,198 0,198 0,198 0,198 0,198 0,198 0,198 0,198

© IS0 2024 - All rights reserved

19



https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

ISO 24664:2024(en)

Table A.4 — Pressure loss coefficients of pipe elements

. Very sharp edged (=05
Flush connection Broken edge 7=0,25
. Very sharp edged {=1
Inserted connection Broken edge 7=0,56

According to the radius:

Flared ) Between: {=0,005and
ared connection 7=0,06
Normally: {=0,05 is'used
Angled f.IUSh {=0,5+0,3 cosa¥0,2 cos2a
connection
//"' S R=2D; (=03
’ . R=3D {=0,25
/ - P 90° R ’
/' Py | ipe bend 90 R=4Dg =023
i R=5Dg (=0,18
Changeder valves K, or ¢ shall be given by the
valve manufacturer
NOTE The values for { given in Table A.4 are generally accepted and used values. Slightly different valuep can

be uged providing their selection canbe justified (e.g. by published papers).

Table A,5(— Roughness values for pipes of different material

Material Roughness [mm]|
Steel 0,045
Stainless steel 0,030
Copper 0,0015
Flexible rubber tubing 0,30
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Annex B
(informative)

Calculation of flow areas for non-flashing and flashing liquids

B.1 Calculation of the flow area of a pressure relief valve for non- flashing liquids

Pressurer
pressure d

The flow a
pressure Id

where Ky

The viscogd
Figure B.1.

Solving Fol
of the pres

A=0,6

The area fd

Both the i
compressi

elief valves for non-flashing liquids are used to for example protect liquid pumps agai

jfference.

ss coefficient equal to:

1
rl'K

visc
for liquids is approximately 20 % below the value of K, for gases afd vapours.

K

ity correction factor K.

sure relief valve:

1
p-(Po—pp)
und from Formula (B.2) is then used tofind the proper size pressure relief valve.

Qm,required

Kgn K

211

visc

let and the outlet line is calculated according to Formulae in 8.2 (the outlet is liqu

Ele flow).

rea of a pressure relief valve for a non- flashing liquid is calculated using Fornmuld (2

is dependent on the Reynolds<mumber and can be obtz:

mula (26) for the flow area and using the required mass flow, then gives the minimurn

st too high

b) with the

(B.1)

ined from

h flow area

(B.2)

d, i.e. non-
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0,9

0,8

0,7

Key
1K

visc

2 Re

vis

Rey

The Reyno

w
Re=—

where

NOTE ]

The values|
the actual

Figure B.1 — Viscosity correction factor

(=]

0,5

0,4

0,3
10 20 40 20000

10 000

100 200 400 1000 4000
2000

100000 R,
60

osity correction factor
nolds number

K

viseas a function of the Reynolds numbe

isC
ds number is calculated according to theformula:

-3
) -d-10
v

53.68- Qm,required
p-d?
4-10°
m-3600
for the-Kinematic viscosity v and the density p are found from the technical literatu
moStnarrow flow diameter of the pressure relief valve when it is fully open.

'he factor,353;68 = is a result of converting between units.

(B.3)

(B.4)

re, and d is
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B.2 Calculation of the flow area of a pressure relief valve for flashing liquids

When calculating the flow area of a pressure relief valve for flashing liquids (flashing due to pressure relief)
the flow can be separated into two parts: liquid and vapour:

Qm,required = Qm,vap + Qm,liq (B.5)
where:
Qm,vap =X Qm,required (B.6)

the value of x being the vapour fraction at p,,.

The minimum flow area of the pressure relief valve needed to handle the gas part can be caletflated from

Formula (10):

Q
Avap = e N (B.7)
1,1384 K4 -Kcap \ Po

And the minimum flow area of the pressure relief valve needed to handle the liquid part can be|calculated

from Formpla (B.2):

0, 1
Ayq=(,6211- 9. 1 (B.8)
Kdrl'KVisc p'(pO_pb)
where K ;.{ = 1,0 can be used for refrigerants flashing in the préssure relief valve.
The total necessary flow area for the pressure relief valve ¢an be approximated by:
A=1,2[ Ay + Ay | (B.9)

Where the| factor of 1,2 takes the difference between the actual flow of liquid/vapour mixtufre and the
theoretical flow in this calculation into acceunt.
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Annex C
(informative)

Example calculation for sizing pressure relief devices with
corresponding pipes and fittings

C.1 Refrigerant properties used in the examples

All refrigeferant properties are taken from NIST Refprop 10 using the default reference point/fgr enthalpy
and entropy. Other data sources for refrigerant properties can be used as well.

C.2 Seldction of pressure relief valve for single vessel

C.2.1 Gepneral information

Dimensiops in metres

e
3
< ‘/2
R-717 <
J
5

1  inlet cannectionrfrom vessel (flush connection, broken edge)

2 inlet pipe, Ly, = 500 mm

3 changelover valve I(vb =20 m3,/h

4 outlet pipe, L, =5 000 mm
The outlet line shall be designed so that accumulation of rainwater in the piping is avoided.

Figure C.1 — Schematic diagram of pressure relief valve with changeover valve and connecting pipes

C.2.2 Assumptions for the calculation example

— Refrigerant: R-717
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Actual

Actual

Set pressure:

Heat of vaporisation (at 23 bar):
Length of vessel:

Diameter of vessel:

ISO 24664:2024(en)

Pser =20 bar
absolute relieving pressure:  pg =1,1:pger +Parm =23 bar
back pressure: Pp = Datm = 1bar
Ahy,,=1026 k]/kg
5m

1,5m

C.2.3 Calculation of the required minimum discharge capacity at standard heat flow rate

Density of
¢=10

External syirface of vessel:

A

surf =

Using Formula (2) from 6.2.1:

heat flow rate:

kKW/m?

1,52 XTT

2% +1,5x7x5,0=27,1 m?

Qm,req

C2.4 Ca

The reduc
requireme

Thickness

s=0,14
Density of

¢red =]

External syrface of ¥essel:

A

surf =

3600-¢-Agy¢  3600-10-27,1
Ah 1026

vap

=951 kg/h

ired =

|culation of the required minimum discharge capacity at reduced heat flow

bd heat flow can be used when the vessel has a fire resistant insulation accord
hts in 6.2.1.

bf insulation:

m

heat flow rate:

0.2:04 _
0,14

)

2,86 _KWj/m?

1,52 XTT

2X +1,5x7x5,0=27,1 m?

Using Formula (2) from 6.2.1:

Qm,required =

3600-¢-Ag,s 3600-2,86-27,1
Ah 1026

vap

=272 kg/h

C.2.5 Selection of pressure relief valve

This example is based on standard heat flow rate ¢ = 10 kW/m?.

rate

ing to the

The minimum required discharge capacity of the pressure relief valve, under the above conditions, should
be atleast 951 kg/h.

© IS0 2024 - All rights reserved
25


https://standardsiso.com/api/?name=50b5271ce6c1489331f26dc60d4e2044

From Table A.1 for R-717:

ISO 24664:2024(en)

vy=1,31

pr, choked = 0'54
K ... choked flow = 0,67

cap

From a "R-717-table"

Saturated specific volume at 23 bar:
Saturated density at 23 bar:

vy = 0,055 8 m3/kg
po =17915 kg/m3

The pressure ratio p,/p, = 1/23 = 0,043 is less than p,. keq SO the flow is choked.

From a manufacturer's catalogue, a pressure relief valve with the following data is selected:

d = 15 p A=+ mmsK==04%

Calculation of discharge capacity from 7.2, Formula (10):
Po 23
Qm,relidf =1,1384-A-K g Ko - [— =1,1384-177-0,41-0,67 - =1124kg/h
’ Vo 0,0558

As Qm,relief is less than 1'25'Qm,required » SO Qm,adjusted :Qm,required =951 kg/h
C.2.6 Pressure loss in inlet line (from vessel to pressure relief valve)
Inlet pipe: Pteel, DN 25, L = 500 mm, dy = 28,5 mm, A = 638 mm?2,
From Tablg A.5 pipe roughness = 0,045 mm.
The pressyre loss in the inlet pipe is calculated using Formula (23) and (24) in 8.2:
Formula (24):

f= : - = 1 -=0,022

5l 3,71-dg 210 3,71:28,5
o810 T T 810\ Co, 045
Formula (42):
L O adjusted | 500 951 ¥
Apin pipe =0,3858- f-— w . ZRLAORT | =0,3858-0,022-——-0,0558-| —— | =0,018 b
’ dg Ap 28,5 638
The pressure loss related'to the connection to the vessel, is calculated by finding the pressure loss
for a flush fonnectionsw/ith broken edge from Table A.4 and use Formula (26):
2
Q. . 2
APin cohmediion, =0,3858-¢ -vg (M =0,3858-0,25-0,055 8(275;] =0,012 bar

Ap

The pressure loss in the changeover valve is calculated using Formula (28):

Apin,changeover =Yy (

951

Qmadjusted |
“madjusted | 1073 =0,0558.
20

2
J 1073 =0,126 bar
Kys

The total inlet pressure drop can then be calculated as:

Api, =

Apin,pipe +Apin,connection +Apin,changeover =0,018+0,012+0,126=0,156 bar
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Api, 0,156

=0,0068<0,03 (see 8.1)
Po 23

Therefore, the inlet pressure loss allows the use of the selected valve. If the pressure loss is higher than
stated in 8.1, then the arrangement of valve and piping shall be modified with the aim of reducing the
pressure loss.

At 23 bar, the speed of sound of saturated ammonia vapour is 400 m/s. The velocity in the inlet pipe is
calculated to 23,1 m/s (using Ag, Qp, agjusteq and the saturated density at 23 bar), so the velocity is well below
the speed of sound.

C.2.7 Pressure loss in outlet line (from pressure relief valve to atmosphere)

Inlet pipe: Steel, DN 32, L =5 000 mm, di = 37,2 mm, Az = 1 087 mm?2.

From Tablg A.5 Annex A, pipe roughness = 0,045 mm.

The frictioh factor of the outlet pipe is calculated as:

f= ! = ! =0,021

2 2
3,71-dp 3,71-37,2
-2 R 2-lo -
[2 loglo{ e D ( 810( 0,045 D

The pressyre loss coefficient of the outlet pipe is then calculated as:

L 5000
e A f—=0,021-——-=2,82
S pipe de 37,2

There is ndg fitting in the outlet line, so:

Cfitting =0

So, the totgl pressure loss coefficient can be caleulated as:

Crotal 7 gpipes + Cfittings =2,82+0=2,82

The inlet pressure to the outlet line-can then be calculated as:

P1= (0771602 adjusted 2og & Ctotal + :\/0,7716~9512 -w~2,82+12 =1,771 Har
’ A2 1087

The total pressure dropdn the outlet line (in bar) can then be calculated as:

APyt ¥P1 —Pp=1,771-1=0,771 bar

Apoye 0771 o 43
—out & =0,034<0,10(See 8°1)
Po 23

Therefore, the outlet pressure loss allows the use of the selected valve. If the pressure loss is higher than
stated in 8.1, then the arrangement of valve and piping shall be modified with the aim of reducing the
pressure loss.

The expansion across the safety valve is assumed isenthalpic. As the enthalpy of saturated gas at 23 bar
equals 1 636,7 kJ/kg, following constant enthalpy to the pressure at the outlet of the outlet line (= 1,0 bar)
gives that the temperature of ammonia is equal to -0,7 °C, the density is equal to 0,763 kg/m3 and the speed
of sound is equal to 414 m/s.

The velocity in the outlet pipe is calculated to 318 m/s, so the velocity is below the speed of sound.
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