International
Standard

ISO 4126-10

Safety devices for protection against
excessiye pressure —

Part 10:
Sizing ¢
discs fo

Dispositifs de
excessives —

f safety valves and bursting
r gas/liquid two-phase flow

sécurité pour protection contre les pressions

Partie 10: Dimensionnement des soupapes de stireté-et des

disques de ru

bture pour les débits diphasiques gaz/liquide

Second edition
2024-02

Reference number

ISO 4126-10:

2024(en)

© ISO 2024



https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(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=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(en)

Contents Page
FOT@WOIM. ... v
IIIETOMUICEION ... vi
1 SCOPI@ ...t 1
2 Normative references
3 Terms and definitions...
31 General.....coo.
3.2 Pressure
3.3 Elowrate
3. FLOW QI/@Q ..oy At
3. Fluid state
3. TEIMPETATUTE ...ccccvivi st W | 5
4 Syimbols and abbreviated terms and figures
4.] SYMDBOLS o
4. Abbreviated terms..
4, FIGUTES .o fE et et
5 Application range of the method
5.1 O] 1<) =¥ OO S
52 Limitations of the method for calculating the two-phas€ mass flux in safety devices|............ 11
5.2.1  Flashing flOW. ... S
5.2.2  Condensing flow........nd
5.2.3 Flashing flow for multi-component liquids
5.2.4  DiSSOIVEA GASES ..o (R oresssssssssesssssssssss s
5.2.5 Compressibility COEffICIENT (. ... i e
5.3 Limitations of the method for calculatingithe mass flow rate required to be discharged......... 13
5.3.1 Rate of temperature and PreSSUEE INCIEASE ... e 13
5.3.2  ImMMiSCIDIE HQUIAS oo e 13
6 SHZING STOPS ... Tt
6.] General outline of sizing steps
6.2 Step 1 — Identification of the'SiZIiNg CASE ... | 14
6. Step 2 — Flow regime atithe inlet of the vent line System ... 15
6.3.1  GENETAL ..o L) s s 15
6.3.2  Phenomenon 0f 1€Vl SWELL. ... e 15
6.3.3 Influencé ofliquid viscosity and foaming behaviour on the flow regime..........}..c..... 15
6.3.4 Prediction of the flow regime (gas/vapour or two-phase flow).........ccccc o 17
6.4  Step 3 — Galculation of the mass flow rate required to be discharged ... 20
6.4 1 GBIDCTAL .o 20
6.4.2_\Pressure increase caused by an excess in-flow ... fon 20
6.4:3\/ Pressure increase due to external heating
6:44 Pressure increase due to thermal runaway reactions ... ... 25
6.} Step 4 — Calculation of the dischargeable mass flux through and pressure change|in
the vent line system
6.5 1 GEIETAL oo
6.5.2  Two-phase flow discharge coefficient, Kyp jp, .ttt
6.5.3  Dimensionless Mass flOW Fate, C ... eeeesseesee e
6.5.4 Compressibility coefficient, w (numerical method)
6.5.5 Calculation of the downstream stagnation cOndition...........eees 35
6.5.6  Slip correction for non-flashing two-phase flow.........co e 35
6.5.7  Slip correction for two-phase flow in straight pipes ... 36
6.6 Step 5 — Ensure proper operation of safety valve vent line systems under plant
COMUAITIOTIS e 36
6.7 Simultaneous calculation of the dischargeable mass flux and pressure change in the
VEIE LINE SYSTRIML ..o 36
6.8 Summary of calculation PrOCEAUTE. ... et 37

© IS0 2024 - All rights reserved

iii


https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(en)

Annex A (informative) Identification of SIZING SCENATTIOS ... 44
Annex B (informative) Example calculation of the mass flow rate to be discharged...............c 46

Annex C (informative) Example of calculation of the dischargeable mass flux and pressure
change through connected vent line systems

Annex D (informative) ENvironmental faCtor. ...

BIDLEOZIAPIY ...ttt

© IS0 2024 - All rights reserved

iv


https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(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 partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ,any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ngtice of (a)
which may be required to implement this document. However, implemefters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee {SO/TC 185, Safety devices for protectiqn against
excessive
Committe
between

This seco
revised.

The main

open

more

pressure, in collaboration with the European Committee for Standardization (CEN) [Technical
e CEN/TC 69, Industrial valves, in accordance with the Agreement on technical copperation
SO and CEN (Vienna Agreement).

hd edition cancels and replaces the-first edition (ISO 4126-10:2010), which has been t¢chnically

changes are as follows:
ng of the method for sizZing of bursting discs;

thorough iterationferthe calculation of the flow rate;

allo

allowing for velogity in the outlet line and pressure losses in front and after the safety device;

addedl an example for flow rate to be discharged (Annex B);

ing for slip;

added anexample for dischargeable mass flow rate added and method to estimate pressure drjop in pipe

flow (Annex C);

various correction.

Alist of all parts in the ISO 4126 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.
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Introduction

Well-established recommendations exist for the sizing of safety valves and bursting discs and the connected
inlet and outlet lines for steady-state, single-phase gas/vapour or liquid flow. However, in the case of a two-
phase vapour/liquid flow, the required relieving area to protect a system from overpressure is larger than
that required for single-phase flow when the same vessel condition and heat release are considered. The
requirement for a larger relief area results from the fact that, in two-phase flow, the liquid partially blocks
the relieving area for the vapour flow, by which most of the energy is removed by evaporation from the

vessel.

This document includes a widely applicable method for the sizing of the most typical safety valves and

bursting

omega pa
attempte
data unde

In case o
rate to b

depends ¢n the mass flow quality (mass fraction of vapour) of the fluid at the inlet of the devicg

these par
this docu
composit
pressure
and inclu
mass flow

The form
are includ
single-ph

In this do

Table 1

ameter method, which is extended by a thermodynamic non-equilibrium parameter, A
between the accuracy of the method and the unavoidable uncertainties in the input,and
r the actual sizing conditions.

b discharged. Furthermore, the two-phase mass flow rate through a safety device e

ment also includes a comprehensive procedure that covers the determination of the fl
on at the safety device inlet. This fluid-phase composition depends on a scenario that le
ncrease. Therefore, the recommended sizing procedure starts with the definition of the s
les a method for the prediction of the mass flow rate requined to be discharged and the
 quality at the inlet of the safety device.

hlae of ISO 4126-7:2013/Amd 1:2016 for single-phaseflow up to the narrowest flow cro
ed in this document, modified to SI units, to caleulate the flow rates at the limiting con
hse gas and liquid flow.

Cument, the unit bar for pressures is beingised 100 000 Pa = 1 bar.

— Possible fluid state at the inlet ofthe safety valve or bursting disc that can resul
phase flow

ed on the
balance is

property

[ two-phase flow, the safety device size can influence the fluid state and,-hence, the ass flow

ssentially
. Because

ameters are, in most cases, not readily at hand during the designprocedure of a relﬁf device,

id-phase
hds to the
izing case
resulting

5Ss-section
ditions of

[ in two-

device

Fluid stlate at

inlet

Cases Examples

liquid

subcooled (possibly flashing in the safety device) cold water
saturated boiling water
with dissolved gas CO,/water

gas/vapour near sdturated vapour (possibly condensing in the safety device) steam

gas/liquid

vapour/liquid steam/water]
fion-evaporating liquid and non-condensable gas (constant quality) air/water
gas/liquid mixture, when gas is desorbed or produced
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Safety devices for protection against excessive pressure —

Part 10:
Sizing of safety valves and bursting discs for gas/liquid two-
phase flow

1 Scope

This docfiment specifies the sizing of safety valves and bursting discs for gas/liquid’ two-phase flow
in pressurized systems such as reactors, storage tanks, columns, heat exchangers, piping systems or
transportation tanks/containers, see Figure 2. The possible fluid states at the safety device inlef that can
result in fwo-phase flow are given in Table 1.

NOTE The pressures used in this document are absolute pressures, not gauge pressures.

2 Normative references

The folloying documents are referred to in the text in such a way.that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only thetedition cited applies. For undated rgferences,
the latest|edition of the referenced document (including any‘@amendments) applies.

ISO 412647:2013/Amd 1:2016, Safety devices for protection against excessive pressure — Part 7: Common data

3 Terms and definitions

For the pyirposes of this document, the terms and definitions given in ISO 4126-7:2013/Amd 1:2016 and the
followingl|apply.

ISO and I[EC maintain terminology databases for use in standardization at the following addresses

— IS0 Opline browsing platferm: available at https://www.iso.org/obp

— IEC E]ectropedia: available at https://www.electropedia.org/

3.1 General

3.1.1
pressurizedsystem
equipmer]t'being protected against excessive pressure accumulation by a safety device

EXAMPLE Equipment can be reactors, storage tanks, columns, heat exchangers, piping systems and transport
tanks/containers, etc.

3.1.2
critical filling threshold

Blimit

maximum initial liquid filling threshold (liquid hold-up) in the pressurized system (3.1.1) at sizing conditions,
up to where vapour disengagement occurs and single-phase gas or vapour flow can be expected

Note 1 to entry: The critical filling threshold is expressed as a ratio of the total volume of the system.

Note 2 to entry: For filling levels above the critical filling threshold, two-phase flow is assumed to occur.

© IS0 2024 - All rights reserved
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initial liquid filling level

0
liquid hold-up in the pressurized system (3.1.1) at the sizing conditions

Note 1 to entry: The initial liquid filling level is expressed as a ratio of the total volume of the system.

3.1.4
inlet line

piping and associated fittings connecting the pressurized system (3.1.1) to the safety device inlet

3.1.5

outlet line

piping an

3.1.6
vent line
combinat

3.1.7

cryogeni
vacuum jd

3.2 Pre
3.2.1

maximuin allowable working pressure

Pvaw
maximuni

designate

3.2.2

maximuin allowable accumulated pressure

Pmaa
sum of th

Note 1 to
contingen

3.2.3

maximuipn allowable accumuilation

Apyan
pressure

dischargg

Note 1 to
maximum

3.2.4

 associated fittings connecting the safety device outlet to a containment system or the at

system
on of safety device, inlet line (3.1.4) and outlet line (3.1.5)

C vessel
lcketed vessel intended for application at low temperature involvingliquefied gases

ssure

pressure permissible at the top of a pressurized system (3.1.1) in its operating pdg
d temperature

e maximum allowable working presstre (3.2.1) and the maximum allowable accumulation (

entry: The maximum allowable®accumulation is established by applicable code for operatin
ies.

ncrease over theumaximum allowable working pressure (3.2.1) of a pressurized system (3.1
through the/safety device

entry: The)maximum allowable accumulation is expressed in pressure units or as a percent
allowablée working pressure.

mosphere

sition for

3.2.3)

g and fire

1) during

age of the

opening
p open

pressure

predetermined absolute pressure at which a safety valve under operating conditions at the latest commences

to open

3.2.5
absolute

Apover

overpressure

pressure increase over the opening pressure (3.2.4), p,pen, of the safety device

Note 1 to entry: The maximum absolute overpressure is the same as the maximum accumulation, Apy, when the
opening pressure of the safety valve is set at the maximum allowable working pressure (3.2.1) of the pressurized system

(3.1.1).

© IS0 2024 - All rights reserved
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Note 2 to entry: The absolute overpressure is expressed in pressure units or as a percentage of the opening pressure.

3.2.6
overpressure

pover
maximum pressure in the pressurized system (3.1.1) during relief, i.e. pressure less or equal to the maximum

accumulated pressure

3.2.7

sizing pressure

Po

pressure at which all property data, especially the compressibility coefficient, w, are calculated for sizing
the safety._device

Note 1 to gntry: In the case of tempered and hybrid reactive systems, the sizing pressure shall be as low as reasonable
possible, but should not affect the normal operation. In the case of non-reactive and gassy systems (3:5:3), te designer
may choosf a higher value for the sizing pressure, but it shall not exceed the maximum allowable Gccumulatgd pressure
(3.2.2).

3.2.8
critical pfressure
Perie — o ;
fluid-dyngmic critical pressure occurring in the narrowest flow cross-section of the safety valve|and/or at
an area efillargement in the outlet line (3.1.5)

Note 1 to|entry: At this pressure, the mass flow rate approaches a maximum at a given sizing condifion in the
pressurized system (3.1.1). Any further decrease of the downstream pressure does not increase the flow rgte further.
Usually, thle critical pressure occurs in the safety valve, either in the valve seat, inlet nozzle and/or valve body. In the
bursting djsc, critical pressure can occur downstream of the device at’a minimum flow area, at the exit of tHe vessel or
a change i pipe diameter. In long safety device outlet lines, multiple critical pressures can also occur.

3.29
stagnatign condition
condition|when fluid is at rest

EXAMPLE Fluid in large vessels, where the flow velocity is almost zero, even in case of a discharge of njass.

3.2.10
critical pfressure ratio

Nerit
ratio of cifitical pressure (3.2.8) tothe sizing pressure (3.2.7)

3.2.11
thermodynamic critical. pressure
Pc
state property, together with thermodynamic critical temperature (3.6.1), at the thermodynamjic critical
point

3.2.12
back pregsure

Py
pressure that exists at the outlet of a safety device as a result of pressure in the discharge system

Note 1 to entry: Back pressure can be either constant or variable; it is the sum of superimposed and built-up back
pressure (3.2.13).

3.2.13

built-up back pressure

pressure existing at the outlet of the safety device caused by flow through the valve or bursting disc and
discharge system

© IS0 2024 - All rights reserved
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inlet pressure loss

Aploss

irrecoverable pressure decrease due to flow in the piping from the equipment that is protected to the inlet
of the safety device

3.2.15
blowdow

Apgp

n

difference between opening pressure (3.2.4) and reseating pressure of a safety valve

Noteltoe

ntry: Blowdown is normally stated as a percentage of the opening pressure.

3.2.16
dimensid

Pred
local pres

3.3 Flow rate

3.3.1

mass floy rate required to be discharged from a pressurized system

Qm,out
mass flow

(3.2.2) in
3.3.2

feed masfs flow rate into the pressurized system

Qm,fe'ed
maximun

protected

3.3.3
discharg
Mgp
mass flow
discharge

Note 1 to 4

3.3.4

certified
Kqig (25
Kgoy (liqu]
correctio
(3.3.3) to

Note 1 to

nless reduced pressure

sure divided by the thermodynamic critical pressure (3.2.11) of the substance

the pressurized system (3.1.1) during relief

mass flow rate through a feed line or control valve fed into the pressurized system (3.

pable mass flux through the safetydevice

r rate per area through a safety device at the sizing conditions calculated by means of th¢
coefficients for gas and liquid-flow

ntry: See Formula (48).

valve dischargé-coefficient for single-phase gas/vapour respectively liquid flow

d)
1 factor.defined by the ratio of the theoretically dischargeable mass flux through the saf
an experimentally determined mass flux through a device of the same manufacturer's ty

entyy: The discharge coefficient of a safety valve is related to the valve seat cross-section an

 rate required to avoid that the pressure exceeds the maximium allowable accumulated pressure

1.1) being

 certified

pty device
pe

1 accounts

for the im

ol . £L1 1 1 1 1 - 1 1 1 1 £ RIS MV 1 1
CTICCLIUIT O TTOW LT OUZIT LIIC UTVILT COLIIPdICU LU LIdU LT OUZIDN d TCICTTIICC TITOUCT (TUCdl TIUZZIC).

Certified

values for gas and liquid flow, K, are usually supplied by valve manufacturers or determined by experiment. Rated
discharge coefficients Ky, equal to 0,9 K, are used to calculate the safety valve sizing area.

Note 2 to entry: The discharge coefficient of a bursting disc is related to the disc cross-section and accounts for the

imperfecti

on of flow through the device compared to that through a reference model.

© IS0 2024 - All rights reserved
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3.4 Flow area

3.4.1

safety device sizing area

4y

most essential result of the sizing procedure in accordance with this document required to select an
adequately sized safety device and defined as the minimum cross-section of flow area

Note 1 to entry: It is important that the dischargeable mass flux through the safety device (3.3.3) be related to this
specific area.

3.4.2
effective flow area of the feed line or the control valve

Afeed
dischargd flow area of a feed line or control valve in the line to the pressurized system (3.1.1)

3.5 Flulid state

3.51
gas/liquid mixture
fluid mixture composed of both a liquid part and a gas part, in which the gas(is)not necessarily of the same
chemical fomposition as the liquid

3.5.2
tempered system
fluid system in which some energy is removed from the liquid phdse by evaporation or flashing

3.5.3
gassy syqtem
fluid systpm in which permanent gas is generated (e.g. by~chemical reaction or by evolution from solution)
and in which no significant amount of energy is removed from the liquid by evaporation at the sizing
conditionf

3.54
hybrid system
fluid systpm that exhibits characteristics'of both tempered and gassy systems (3.5.3) to a significant extent
at the sizing conditions

3.5.5
thermal yunaway reaction
uncontrolled or undesired exothermic chemical reaction

3.6 Temperature

3.6.1
thermodynamic ¢ritical temperature
T,

C
state propérty, together with thermodynamic critical pressure (3.2.11), at the thermodynamic criti¢al point

3.6.2

sizing temperature

Ty

temperature of the pressurized system (3.1.1) at the sizing conditions

3.6.3
overtemperature
T,

over
maximum temperature in the pressurized system (3.1.1) during relief

© IS0 2024 - All rights reserved
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3.6.4

saturation temperature difference
Elover . | o
difference between the saturation temperature at the maximum pressure during relief, p .., and the

saturation temperature at the sizing pressure (3.2.7), p,

3.6.5
dimensionless reduced temperature
T

red
local temperature divided by the thermodynamic critical temperature (3.6.1) of the substance

4 Sym ols and abbreviated terms and fignrpc

4.1 Symbols

Variable Definition Unit

Afee effective flow area of the feed line or the control valve m?

The wetted surface area to be considered for the heat transfer due to fire. In de-
tail, it is the partial surface area of a vertical cylindrical vessel wetted by internal
Agid liquid and located within 7,5 m vertically from ground or from any surface capa- m?2
ble of sustaining a pool fire. Depending on the fire case consideted it may either
include the wall of the bottom or the bottom wall of the vessels not included.

Ay ea area of heat exchange in the pressurized system in case.of external heat input m?

minimum required safety device area (safety devicesizing area). In general, for
4, safety valves it is the safety valve seat area and for-bursting discs the minimum m?
net flow area.

Ag cross-sectional area in a vertical cylindrical vessel m?
Byea (maximum) overall heat transfer coefficient, see Formula (24) W/(m2-K)
C dimensionless mass flow rate —
C; flow conversion factor 1
C, flow conversion factor 2
p specific heat capacity at constant pressure J/[kg-K)
D inner vessel diameter efa‘wertical cylindrical vessel m
d diameter m
% rate of pressure-increase in the pressurized system Pa/s
((11—: reaction self-heat rate inside the pressurized system K/s
F environmental factor for heat input from fire (see 6.4.3.2) —
g deceleration due to gravity m/s?
H, Ilgﬂght of liquid level in a vertical cylindrical vessel (bottom of vessel to liquid m
Hiie maximum height of flames above ground m
H ogcel height of the bottom of the vessel flames above ground m
Koo correlating parameter to calculate the characteristic bubble-rise velocity —
Kar2ph two-phase flow valve discharge coefficient —
Kir g certified valve discharge coefficient for single-phase gas/vapour flow —
Kir) certified valve discharge coefficient for single-phase liquid flow —
Kr velocity head loss for bursting disc —

© IS0 2024 - All rights reserved
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Variable Definition Unit
Liquid discharge factor for fully opened control valve in the feed line, which char-
K, acterizes Ag,q Of the feed line or control valve of a frictionless valve with the same m3/h
pressure difference for the same flow rate.
Vertical length of a flow restriction to account for potential energy change. For
L safety valves and bursting discs L may be set to 0. For inlet and outlet lines the m
heights of the system shall be considered.
m mass flux kg/(m?2-s)
mgp dischargeable mass flux through the safety device kg/(m2-s)
M, total liquid mass in the pressurized system at the sizing conditions kg
M moleetlarmass leg/kmol
N boiling delay factor accounting for thermodynamic non-equilibrium ‘q?‘ —
p pressure in the pressurized system ) " |pa
Py back pressure ,\Q | Pa
P thermodynamic critical pressure n@’ Pa
Perid fluid-dynamic critical pressure k'\'v Pa
PMaw maximum allowable working pressure e v Pa
Pmad maximum allowable accumulated pressure ) \%v Pa
Po sizing pressure ) O\ ) Pa
Pove maximum pressure in a pressurized system during relie3~§€e Figure 1 Pa
Pope opening pressure R QV Pa
fire dimensionless fire exposure flux k\§\ —
Qum.oft mass flow rate required to be discharged froq}\@r‘essurized system kg /s
Qu fedd feed mass flow rate into the pressurized sy‘g\t’é?n kg /s
Qs dischargeable mass flow rate through tp\@}a‘fety device kg /s
0 Egztiirrllput into the pressurized syst@l,\}either by runaway reaction or by external W
g Al
Q:CC ratio of the sensible heat to }hiQ&tent heat —
Qi*n ratio of total heat input R‘e;;‘gy flow removed by evaporation —
R universal gas const‘a(l'f%\ 314,2 J/(kmol-K)) ]J/(kmol-K)
Roph two-phase multfi.p\ﬂiel) —
T temperature\@\l{e pressurized system K
T. thermor}y&ﬁ@\lic critical temperature K
Thea maxii@%/possible temperature of the external heat source K
T, tg@g;ature of the pressurized system at the sizing conditions K
Tove ‘aximum temperature in the pressurized system during relief K
g % superficial_ gas Veloci_ty in the free-board gas volume of a vertical cylindrical ves- /s
: sel at the sizing conditions
Ug, characteristic bubble-rise velocity of the gas/vapour in the liquid m/s
u* dimensionless bubble-rise velocity —
1% specific volume in the pressurized system m3/kg
%4 volume of the pressurized system m3
% mass flow quality, i.e. _the ratio of the gas mass flow rate to the total mass flow .
rate of a two-phase mixture
Z real gas factor —
B ratio of the vent inlet diameter to the throat diameter —

© IS0 2024 - All rights reserved
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Variable Definition Unit
¢ void fraction _in the pressurized system at the sizing conditions for a homogeneous .
0 two-phase mixture
Egeat void fraction in the narrowest cross-section, see Formula (50) —
Cyref Resistance coefficient of reference, either inlet or outlet —
n pressure ratio, either i or n, —
M ratio of the safety valve back pressure to the sizing pressure —
Nerit critical pressure ratio —
ratio of the saturation pressure corresponding to the sizing temperature and the
s sizing pressure (measure of liquid subcooling), see Formula (64) o
6 Angle of a vent line to the horizontal ol °
isentropic coefficient S —
P fluid density ~(. kg/m3
density of water during experiments to measure the K value ata temperatur@\\)f 3
P2 coC A Kg/m
o surface tension N’\V N/m
Plimik critical filling threshold V‘ —
¢ initial liquid filling level at the s_izing conditions,.i.e. the liquid Y\o@e divided by .
0 the total volume of the pressurized system considered
W compressibility coefficient /\<< —
Weq compressibility coefficient at equilibrium condition (I\Q\Pf —
r, gas production rate per liquid mass, i.e. the gas m?\@ow rate per liquid mass kel/(s-kg)
inventory in the pressurized system
r dimensionless velocity ratio \‘Q —
Ah, latent heat of vaporization h$ |/ kg
Ap pressure drop in the inlet or outlet linQ\U Pa
Apyala maximum allowable accumulation\o Pa
Apred pressure loss between the outl@fthe control valve in the feed line and the pres- Pa
surized system (' )
Apioh gre_ssure drop across/s@gtrol valve (Siuring experiments to measure the K value Pa
efined at a pressure rence of 10° Pa
Apjods inlet line pressure@y Pa
Apoudr absolute overpressure Pa
AT, ). saturationtémperature difference K
v Boiling dréd ratio —
Q0 dynw%‘wscosny Pa-s
4.2 Abl)l‘g{@d terms
Indek Meaning
0 sizing condition
2ph two-phase flow
b back
cv upstream of the control valve
c thermodynamic critical property
crit critical condition with respect to flow
ct churn turbulent
feed into the pressurized system
fire heat externally by fire
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Index Meaning
g gas phase
HNE Homogenous Non Equilibrium
H,0 water
heat external heat input (source)
i liquid mixture component
ideal theoretically perfect (adiabatic, frictionless)
in inlet
is isentropic
j identification of 2 pavfir‘n]ar ]iqniﬂ mixture rnmpnnnnf
liquid phase ﬂ,b‘
limi limiting value (threshold) qp
loss usually pressure loss ,\‘Q <
MAA maximum allowable accumulated condition A@’
MAW maximum allowable working condition k'\‘ v
max maximal value v
meap average between set condition and condition at maximum alloyva\ﬁl)};ccumulated pressuye
operat|ng operating condition (o) )
out dischargeable from the pressurized system {-«
ovel overpressure or overtemperature . QV
r derated value (see 3.3.4) §\§\
red reduced condition, i.e. condition related to thg’t\@r\modynamic critical property
ref reference cross-section, either inlet or outle\t\\\
resedt reseating condition .\@*‘
: I
SD through the safety device o
sat saturation condition of the liquid\p:l%ase
sea condition in the narrowest f&‘q@oss-section of the device, e.g. the valve seat or minimumn] flow area
of a bursting disc )
open condition, at which a sq&(y'valve under operating conditions at the latest commences to qpen
. N\
S subcooling ,.O
th throat (-\V
O
vessgl bottom of t ssel
. A\ . . . .
o) characthﬂéﬁk bubble-rise property in the liquid phase
N4
O
Expongnt N Meaning
a c/\\ exponent in the formula for the boiling delay coefficient, N, see Formula (62)
-~
* dimensioniess

4.3 Figures
See Figures 1 a) and 1 b) for an illustration of the relationship of the pressures defined in 3.2.

In contrast to the definition used in other parts of the ISO 4126 series (e.g. ISO 4126-7) all pressures are
absolute pressures and not gauge pressures.
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>
(=}
&
bo= popen
Popen /\/ \ 1
Dreseat /
n
I Upt![du[lg

Po = Pover

t

a) Pressure history of a typical tempered reaction system that is adequatély-sized

Apyaa

Pmaa

popen/\

popen = Pmaw

T~

preseat

poperating

haximum allowable working pressure
pening pressure

eseating pressure

perating pressufe

ppp blowdown

haximum allowable accumulated pressure

t

b) Typical pressure history for @n externally heated gas vented system

Po sizing pressure equal to Popen aS
Figure 1 a) and equal to pg,. as
Figure 1 b)

Pover ~ OvVerpressure

Apyaa maximum allowable accumulation

Ap,,r change in overpressure

Figure 1 — Relationship of the defined pressures

© IS0 2024 - All rights reserved

10

shown in
shown in


https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(en)

Key

1 safetyldevice 4  feedline

2 outlefline 5  controlvalve

3 inletljne 6  pressurized system

Figure 2 — Safety device in'a pressurized system

5 Application range of the method

5.1 General

A homogg¢neous, non-equilibrium- flew model for a single-component gas/liquid mixture is us¢d for the
safety deyice sizing. The flow js.assumed to be in a quasi-steady-state. It is recommended to remdin within
the applidation range of the method, as given in 5.2 and 5.3.

5.2 Linpitations ofthe method for calculating the two-phase mass flux in safety deviges

5.2.1 Flashingflow

The metHod”is ‘accurate for vapour/liquid flashing systems in which either one or both of the|following
conditiong is/are true.

a) The overtemperature is less than 90 % of the fluid's thermodynamic critical temperature as given in

Formula (1):

T
Trea ==2 < 0,9 1)

I
C
b) Theoverpressureislessthan 50 % of the fluid's thermodynamic critical pressure as given in Formula (2):

p
Pred =%< 0,5 (2)

C

© IS0 2024 - All rights reserved

11


https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

where

red
Pred
over
Pover

C

Pc

If both t
limits, th¢

The formfilae used in the sizing method to predict the properties of the gas/liquid flow lead, in gen

overestin
thermody
the methd

The limit

in Reference [26].

52.2 C

Due to pr
may occu
enthalpy

523 F

This met
does not ¢

T

sat,i

where T,

Compone
of the mi3

5.2.4 Diissolved gases

The meth
dissolved

1SO 4126-10:2024(en)

is the dimensionless reduced temperature;

is the dimensionless reduced pressure;

is the maximum temperature during relief, in K;

is the maximum pressure during relief (maximum accumulated pressure or less), in Pa;

is the thermodynamic critical temperature of the fluid, in K;

reduced pressure and temperature of a vapour/liquid flashing system are above the
property data usually change too rapidly, which can lead to unacceptable errors.

ation of the required flow area, when conditions above the limits in Formulde (1) and (2]
namic critical point are considered[2l. Additional comments relative to the range of appli
d are given in 6.5.1[36],

itions on the model due to the linear approximation of the pressure-density relation are

pbndensing flow

essure drop in the safety device, even if there is single-phase gas flow at the inlet, con
I resulting in two-phase flow. A formula of state forreal gases should be used and the ev
should be considered. Further information is given in Reference [36].

ashing flow for multi-component liquids

nod may be applied to multi-compenerit flashing systems whose saturation temperat
xceed 100 K, as given in Formula(3)for mixtures of chemically similar liquids:

- Tear,; <100 K

. ;and T, ; are the satukation temperatures at the sizing pressure for components i and j|

at,j

ht i exhibits the highest saturation temperature, and componentj the lowest saturation ten
ture.

od proposed shall not be applied directly to cases where significant quantities of
inthefluid being discharged, which is typical in cases of high pressure with gases such a

specified

eral, to an
up to the
cability of

discussed

densation
pporation

ire range

3

in K.

hperature

pases are
b nitrogen

or hydrog

en.dissolved in a liquid.

The presence of dissolved gases can profoundly affect the mixture properties and the mass flow rate through
the safety device and shall be taken into account. For example, the thermodynamic critical conditions of
the mixture can be very different from the thermodynamic critical conditions of the pure components in a
mixture. This leads to a change of the saturation line. Also, other properties, such as the heat of vaporization,
the liquid mixture density (e.g. of polymers), or the liquid mixture viscosity, can be affected. Even small
amounts of dissolved gases, which desorb due to the pressure decrease in a non-evaporating liquid flow
through a safety device, can markedly reduce the mass flow rate compared to that in liquid flow only.

If it is required to consider the desorption of gases, because they affect the thermodynamic critical
properties or the saturation line, it is possible to use the design equations for gassy systems if no other
reliable information is available. The time delay (in reaching equilibrium) during the desorption of gases
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should be neglected. For a conservative calculation, the required safety device area should be estimated
with a mass flow quality that would belong to the two-phase gas/liquid mixture in equilibrium at the lowest
pressure in the narrowest flow cross-section (homogeneous equilibrium flow between device inlet and
narrowest device area). This can be, for example, the critical pressure in the safety device area. Because
the desorption time delay has been neglected, mass flow quality is overestimated and, hence, the required
device area is oversized.

5.2.5 Compressibility coefficient w

The method is accurate if the compressibility coefficient w satisfies the relation: 0 < w < 100.

5.3.1 Rate of temperature and pressure increase

In case offa runaway reaction, the reaction self-heat rate at the maximum pressure, p,,..;rduring relief should
be limited to 2 K/s, as given in Formula (4):
dr

| | <2K/s )

ovjer

This is lithited by the method for the flow rate required to be discharged‘for tempered reactionsfin 6.4.4.2.
Further, the rate of pressure increase is restricted to 20 kPa/s (12 bar/min), as given in Formula ($):

dp

< 20KkPa/s 5
P / (5)

OVer

If the reaftion self-heat rate and the rate of pressure ingrease are considerably higher than thefe values,
unfeasibl¢ relief sizes can result.

Safety valves should not be used if there is an exeéssive pressure increase during valve-openinfg. Typical
spring-logded valve-opening times are between.80 ms to 120 ms. It is necessary that the rate of pressure
increase is slow enough to allow for a full opening of the valve before p., is reached. Therefore, fhe rate of
pressure [ncrease should be limited to at least 10 % absolute overpressure above p,,., of the safety valve
within the valve-opening time. In most, cases, this leads to values higher than the recommendef limiting
value of 20 kPa/s. For even faster pressure increases, bursting discs can be suitable.

5.3.2 Immiscible liquids

The sizing method might not’be directly applicable if immiscible liquids are present in the syst¢m, e.g. in
the case gf the venting ofdn emulsion polymerization reactor. In this case, the reaction kinetics ¢leveloped
from ded]cated laboratory experiments depend on the particular agitation state, which, in generpl, cannot
be scaled to a techni€al'sizel22],

6 Sizing steps

6.1 General outline of sizing steps
The sizing of a vent line system includes the following essential steps (Figure 3).
Step 1: Identification of the sizing case, see 6.2.

All reasonably conceivable deviations from normal plant operation shall be considered to identify the sizing
case for the valve. Whether or not it is required to consider malfunction as reasonably possible can depend
on the hazard potential (local regulations can have requirements regarding this topic). The sizing case is of
key importance for the dimensioning of a safety valve and often more important than the type of calculation
method. Although it is beyond the scope of this document to outline the details of hazard analysis, an
introduction is given in 6.2.
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Step 2: Flow regime at the inlet of the vent line system, see 6.3.

Step 3: Calculation of the mass flow rate required to be discharged, see 6.4.

Step 4: Calculation of the dischargeable mass flux through and pressure change in the vent line system, see

6.5.

Step 5: Ensure proper operation of safety valve vent line systems under plant conditions, see 6.6.

In the preceding steps, the safety valve has been sized without considering any influence of the connected
inlet and/or outlet line, which can lead to a deterioration of safety valve capacity or function. Low-frequency
opening and closing (pumping) of the valve or a higher-frequency flutter (chatter) can occur. In the latter
case, the valve and/or the inlet and outlet line can be damaged.

For the f
engineeri

6.2 Ste

The sizin

Identification of
the sizing case
(see 6.2)

\

A

\

Flow regime at the inlet
of the vent line system
see 6.3
Flow rate required
to be discharged
(see 6.4)

Design

Mass flux trough and pressure
change in the vent line system

Ensure proper operation
(see 6.6)

_/

the type d

fcalculation method

pllowing sizing steps, recommendations and a computational procedure applicable, 'tg
ng practice are given in 6.2 to 6.6.

Possible cause for
an overpressure

Emergency relief:
«Top venting
«Bottom venting
Level swell

Additional mass input,heat input:
ofire, sun

«external heating

echem. reaction

*Gas production rate

¢ Chioked flow
sDischarge coefficient

*Bellow
eDamper
e Vacuum support

Figure 3 — Procedure of safety device sizing

p 1 —JIdentification of the sizing case

b case is of key importance for the dimensioning of a safety device and often more impof

Type of flow:
«Gas/vapor

e Liquid

« Two-phase

Determination of size
of safety device

common

tant than

Reasonably conceivable deviations from normal plant operation should be identified and evaluated relative
to their hazardous risk potential (local regulations can have requirements regarding this topic) using a
process hazard assessment and safety evaluation (PHASE)[3l. Several well-established procedures, e.g.

— HAZOP (hazard and operability study)[4],

— PHA (preliminary hazard analysis)[2],

— LOPA (layer of protection analysis), or

— what-if analysis,
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or the more quantitative methods, e.g.
— fault-tree analysisl®l and
— event-tree analysis[Z

are used in practice. These methods are often supplemented by checklists[8 with several levels of detail. All
these procedures provide a means to assess the causes for a pressure increase. These causes can be related
to changes in mass and energy transfer to or from the pressurized system, or a deviation from the normal
reaction system, e.g. when a thermal runaway reaction occurs.

In Annex A, the most common causes for a pressure increase are summarized. Some of these can occur
simultaneously or immediately after one another and, subsequently, it can be necessary to take one or more
independént process deviations into account as possible sizing cases for the valve or bursting disc. The actual
outline of|the possible sizing cases depends on the risk and loss potential that can result from thé& deviations
from normal plant operation. However, the deviations should not be quantified in a too conservative manner.
, the valve seat area or bursting disc is oversized. This can result in unnecessarily large release
flow rateg, overloads for the downstream process equipment and, possibly, additional environmental risks.

For further information, see ISO 23251.

6.3 Step 2 — Flow regime at the inlet of the vent line system

6.3.1 General

For the dizing, it is essential to know whether a two-phase flew occurs at the inlet of the [vent line.
Subsequently, criteria are given for the identification of the occurrence of two-phase flow.

6.3.2 Phenomenon of level swell

Safety deyices are often mounted on the top (gas sid€) of a vessel. Consider, for example, a systefn capable
of generafing vapour during venting (tempered system): the pressure drops immediately when the device
opens dug¢ to the release of vapour from the free-board vessel volume. An initially subcooled or saturated
liquid superheats, i.e. the temperature remaifis above the saturation temperature corresponding to the
actual pr¢ssure. If the vapour production rate'exceeds the rate of vapour disengagement across the|interface,
after a bdiling delay time (typically 0,1 s to 1,0 s), bulk evaporation of liquid starts and forces the level to
swell. If the mixture reaches the valye‘inlet, the flow regime changes from single-phase gas to two-phase
flow.

Level swdll primarily occurs dué to limited bubble-rise velocity; the characteristic rise velocity gf the gas/
vapour inf the liquid is desighdted as u.,. This phenomenon is especially common in highly viscous liquids
and foam|systems. Vesselswith such contents are therefore emptied almost completely during emergency
venting. Hor foaming aniid*highly viscous fluids, this applies even for initial liquid filling levels dowp to about
15 %[,

In gas-deporbing.or -producing systems, analogous phenomena, i.e. desorption delay, level swellj etc., also
occur.

In externally heated vessels (e.g. non-reacting, non-heat-generating systems), the vapour bubbles are formed
at the vessel wall, not in the bulk liquid. This can result in less level swell, with the possible consequence that
single-phase flow relief occurs at higher initial liquid-filling levels[3Zl,

6.3.3 Influence of liquid viscosity and foaming behaviour on the flow regime

A criterion to distinguish between single-phase and two-phase flow makes use of initial liquid filling
level, gas or vapour production rate, liquid viscosity and foaming behaviour. The liquid viscosity shall be
considered at the conditions when py,, in the pressurized system is reached. For highly viscous liquids
(2,0 > 0,1 Pa's), homogeneous venting shall be assumed of the pressurized system; see Figure 4. In case of
homogeneous venting of the pressurized system, the void fraction of the effluent is equal to the average void
fraction in the vessel. Therefore, two-phase flow is to be considered at the safety device inlet.
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The prediction of the flow regime at the safety device inlet is then required in case of a non-homogeneous
vessel model. In this case, Figure 4 shall be used to determine whether single or two-phase flow is present at

the safety device inlet at sizing conditions.

In case the foaming behaviour of the liquid is not known from common practice, experiments are required
to assess this property at the sizing conditions of the safety device, as it is difficult to predict the foaming

behaviour merely from physical properties alone.

[

d)limit /
100 /
95 ‘\- \‘§ — \.\ I
e e e A ;
a5 b “\_ SN ~\\‘ \<1\ A
“~‘ \.. \ '\\ ~ <3 .l/
80 N \‘\ NG N A
75 \“‘ .\\ ‘<i \\ (\VQ
70 5 "\\ \\\<\\ N\ < Ob:\
' s . er
65 N N N\ \\.9
) N. \, N
60 1 0 A \
sl : N4 NN
l‘ \
50 \ ‘\ \ \\
o \ 1 (1|1g10 /o) ¥
b
10

1  externpal heat input due to fire, H/D =1

2 exter:[al heat input due to fire, H/D = 2

3 non-fpaming and low-viscous (£, < 0,1 Pa-§)\(¢hurn turbulent flow, k., = 1,53)
4  exterpal heat input due to fire, H/D =5

5 foamihg or viscous, -01,0 > 0,1 Pa-s (bubbly flow, k., = 1,18)

a2 Two-phase flow (below considered.curve).

b Gas/vapour (above consideredcurve).

The dimehsionléss'bubble-rise velocity is calculated according to Formula (6):

Higure 4 — Flow regime at safety device inlet (single-phase or two-phase flow)[23] -
Critical filling’threshold, ¢,;,,;;, as a function of the dimensionless bubble-rise velocif
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[Gl,o 'g(Pl,o —Pg0 )]1/4

JPio

(8)

If an internal heat release or bulk heat input is considered, e.g. due to a chemical reaction, the boiling area

ratio ¥is

by Formula (9), ¥ = 1.

In case of an external heating of the vessel, e.g. due to steam, a conservative estimate of the boiling area ratio

is¥=1.

For an external heat input due to a fire beside the vessel but no underfireing of the vessel, Formulae (15) and
(16) may be applied to determine a level swell. Here, A; . shall be determined as the partial surface area

(wetted
(ground)

Hegsel and a maximum height of the fire Hgo <7,5 m.

I 1

l//:

634 P

6.3.4.1

For a top-
the ventiy
with ug

Two calcu
distinguis

a) form:
see 6

b) formj
heati

6.3.4.2
bubbles |

To disting

a) Assume that the flow,tégime at the inlet of the vent line is single-phase gas/vapour flow.

b) Dete
1)

vessel
Dg
rediction of the flow regime (gas/vapour or two-phase flow)

fire 4 Hgre —H

General

mounted safety device, if ¢, exceeds ¢;;,,;; a two-phase mixtGre is most probably vented
g time. When ¢,;,,;; is not exceeded, sizing should be based‘on single-phase flow. ¢;; i IS ¢
ind u,, (see Figure 4), which has been verified on a wide range of (non-foaming) fluids[2l-

lation procedures for the determination of the flow regime at the inlet of the vent line s
hed according to the type of heat generation or.ifiput:

ition of homogeneously distributed bubbles inthe liquid, e.g. in case of a thermal runaway
3.4.2;

ition of bubbles at the inner vessel wall of the pressurized system, e.g. in case of fire o
g, see 6.3.4.3.

Recommended calculation procedure in case of generation of homogeneously distr
e.g. thermal runaway reaction)

mine @, tyaccording to the liquid reaction system, as follows:

For a témpered system, Q, o, is given by Formula (10):

uish between single¢phase and two-phase flow the following procedure is recommended.

nndament

)

for part of
orrelated

10],
ystem are

f reaction,

" external

buted

0 Q 1

<m,out Ahv,O Ql*n
(10)

where Ql*n is calculated iteratively from Formula (11):

0=01.— Of +v" 1—1{?'—*}
Qin

(11)

where
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Qm,out is the mass flow rate required to be discharged from a pressurized system;

0 is the heat input in the pressurized system by a runaway reaction, see Formula (35),in W;
Q'i*n is the ratio of total heat input to energy flow removed by evaporation;

Q;CC is the ratio of sensible heat to latent heat; see Formula (69);

v is the dimensionless specific volume; see Formulae (66), (67) or (68);

Ah, o is the latent heat of vaporization at the sizing condition, in J/kg.

or a gassy system, (,, ,,¢ 1S as given by Formula (12):

pacting systems, [y should be determined by experiment. EorJexample, the pressure increg

Qm,out :Fg,O - My
(12)
e
Iy is the gas production rate per liquid mass, i.e. the gas masSs flow rate per liquid mass
inventory in the pressurized system at sizing conditionsy-in kg/(s-kg);
M, is the total liquid mass in the pressurized system, injkg.

se during

a rurjaway reaction in an adiabatic reaction calorimeter is ameasure of I I' shall be the maximum rate

expe

incrdases during venting.

cted under adiabatic conditions, given that the systemis not tempered and that the ten

hperature

3) For hybrid systems (gas and vapour production), @y, o, is as given by Formula (13):
__0
Qm,out _m+rg,0 ’ MO
(13)
whertle
0 is the heat inputin the pressurized system by a runaway reaction, in W; see Formula (35);
Iy is the gasproduction rate per liquid mass, i.e. the gas mass flow rate per liguid mass
inventory in the pressurized system at the sizing conditions, in kg/(s kg);
M, isthe total liquid mass in the pressurized system, in kg.
Althgugh the-system is tempered by the evaporating liquid, p, should be set equal to pyaa, i-€ Ql*n =1.
Using Eigure 4, determine ¢y;,;; from u, ; and u,,. In case of a non-foaming and low-viscous ({2, , £ 0,1 Pa-s)
liquid; i itk =1 ' ' Tqud 10 and for a

foaming system, the dotted line curve with k_, = 1,18 applies. These values apply to vertical vessels with
a height-to-diameter ratio of approximately 2:1 to 3:1. Special consideration shall be given for higher
height-to-diameter ratios, horizontal or spherical vessels[19],

Compare ¢ to Py

1y
2)

If ¢ = Py} two-phase flow should be assumed.

If §y < Pjimiv Single-phase gas flow should be assumed.
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This is true only for a safety device with a discharge capacity Q,, sp less than or equal to Qp, 4 ¢ In practice,
often a safety device with a nominal size larger than required is chosen from the standard selection of a
manufacturer. If the device size is larger than required, a higher u, , results and leads to a lower ¢y;,;;
see Figure 4. As a consequence, this can result in a two-phase flow. 4 originally sized for single-phase
gas flow can then be too small and it can be necessary to re-evaluate it.

In this case, Q

¢ should be set equal to Q, sp, as given in Formula (14):

m,ou

Qm,sp =Msp g - Ao
(14)

where

mSD,g
tod)
ident

With

ofter

6.3.4.3
vessel co

When bo
foaming,
are no int
less likely
These em
vessel bot

For exam

Mimit

qfire 3
where

Afire

msp o is the dischargeable gas mass flux through the safety device, in kg/(m?2-s)}
Ay is the narrowest flow cross-section of the safety device, in m2.

should be calculated by using Formula (48) for gas/vapour flow. On using the new @, s

should be repeated until the re-evaluated estimated flow regimes correspond. If two-phd
ified as the flow regime at the device inlet, no iteration is necessary.

respect to Figure 4, ¢;,;; for highly viscous or foaming fluids are‘typically below 10 %.
leads to the assumption of two-phase flow.

htaining a non-foaming and low-viscous liquid

ling is due to external heating of the contents_of’the pressurized system and the flu
bubbles can be formed mainly at the walls ratherthan in the bulk of the liquid. Provided
ernal baffles within the equipment, recirculation patterns form in the vessel and two-phz
than in the case of homogeneously distributed bubble generation, which is addressed in |
pirical formulae are valid only for vertical cylindrical vessels with no fire-heat trans
tom.

ble, Formulae (15) and (16) are given for fire exposurell2l:

4 . 7 . H
=1—[2,279 4 107" ¢2857{0,089+1,000 31107 - Ggye ) - (Flﬂ

3,218-10° 0
(Pg,o - Ahy g - uoo) Afire

isithe dimensionless fire exposure flux in non-foaming and low-viscous fluids due to fire
transferred through the area, Ay; ., into a vertical cylindrical vessel with no fire heat t

, steps a)
se flow is

This most

Recommended calculation procedure in case of external heating due to a fire exposure of a

id is non-
[hat there

se flow is
h.3.4.2[11],
fer to the

(15)

(16)

exposure
ransfer to

pg,O
Ahv‘o

the vessel bottom at the ci7ing condition S;

is the partial surface area of a vertical cylindrical vessel wetted by internal liquid and located
within 7,5 m vertically from ground or from any surface capable of sustaining a pool fire, includ-

ing only the wall and not the bottom of the vessel, in m?;

is the characteristic rise velocity of the gas/vapour in the liquid. The value of this variable is

calculated using Formula (8) (see Figure 4) using a value of k., = 1,53;
is the gas phase density in the pressurized system at the sizing conditions, in kg/m3;

is the latent heat of vaporization at the sizing condition, in J/kg;
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is the heat input into the pressurized system (a vertical cylindrical vessel in this cas

in W; see Formula (25);

is the height of liquid level in a vertical cylindrical vessel, in m;

e) by fire,

is the inner vessel diameter in the free-board gas volume of a vertical cylindrical vessel, in m;

is the critical filling threshold for the fire exposure.

If ¢y 2 Pimiv two-phase flow should be assumed.

Also, they neglect any two-phase flow due to droplet entrainment rather than due to level swell. This is

ether it is

importan
required
[12].

6.4 Ste

64.1 G

In 6.4.2 tq
remains
pressure
therefore

Pressure
a) exces
b) incre

C) runay

642 P

A typical
pressure
required

Solongas
system, Q
for flow o
such that

Qm,ou

only for low-design-pressure tanks (unpressurized vessels). A method for deciding w
o consider two-phase flow due to entrainment for low-design-pressure tanks is given in

p 3 — Calculation of the mass flow rate required to be discharged

eneral

6.4.4, formulae are given for predicting the required flow rate toensure that the vesse
elow pyaa- The particular set of formulae depends on the type ofprocess deviation cz
increase. It is not feasible to cover the whole range of possiblé deviations within this ¢
only some that are typically encountered in the industry are/discussed as examples.

ncrease can be caused by:
s flow into the equipment to be protected (e.g. feed-control valve malfunction), see 6.4.2;
hsed heat input due to fire exposure or external heating, see 6.4.3;

vay reaction, see 6.4.4.

Fressure increase caused by an excess in-flow
cause for excess in-flow is a control valve malfunction in a feed line. In this case, if there

n order to prevent excesspressure increase.

the incoming fluid is@pure liquid and does not cause boiling of the liquid already in the pr
m,out Can then be détgrmined via a simplified mass balance formula, whereby credit may

Qmm,out IS as given by Formula (17) (see also the guidelines in Table A.1):
= ZQm,feed

Qm feeq Canbe.calculated with a representative discharge factor for a fully opened control valy
aid of KVMWLMMMM@LWMJMMAM

Reference

pressure
using the
ocument;

is a large

Hifference, flashing can occutiin the pressurized system and a discharge of a two-phase mixture is

essurized
r be taken

ut of the protected system via other channels not affected by the feed control valve mallfunction,

(17)

e, e.g. the

Formula (18):

Afeed

where

Ky Pu,0
h t1 2 - AszO :KVS . Cl

€, =1,964 - 107
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is a constant including the conversion from typical units of K into SI units, in —;
m

600
is a constant for conversion into SI units, in s;

is the effective flow area, in m?, of the feed line or control valve;

is the liquid discharge factor for fully opened control valve in the feed line, in m3/h, as usually

given by valve manufacturers;

is the density of water at the temperature during experiments to measure the K, va

lue, i.e. at

Apy,

K, equals
Qm,feed foy

Qm,fee
Substitut
Qm,fee

where

P10

Pcv

Po

Apfee
Pcyv canb

pressuriz
case acco

the temperature of 5 °C to 50 °C, i.e. equal to about 1 000 kg/m3;

at a pressure difference of 10° Pa.
the water volume flow rate for Apy, of 10° Pa at a temperature of 5 °C to 50°3C; see IEC §

non-flashing liquid flow can then be calculated as given by Formula (20}:

i =Aeed* N2 PLo- (Pey —[Po + APrecd])

ng Formula (18) into Formula (20) allows the expression af'the @, f..4, as given in Formy

i =Kus Co \Jp1o (Pev —[Po + APreea ])

', =2,778-107

is a constant including the conversion from typical units of Ky into SI units, in —;
m

is the pressure upstream of the control valve in the feed line, in Pa;
is the sizing pressure of the equipment being protected, in Pa;

;  is the pressureé loss between the outlet of the control valve in the feed line and the pr
system,dnPa.

e either.the ' maximum operating pressure upstream of the control valve or py,y in the
ed system. The pressure being used should have been specified in the specification of
rdifng to 6.2.

is the pressure drop across a control valve during experiments to measure the & ;valge defined

0534-2-1.

(20)

1la (21):
(21)

(22)

is the liquid phase density'in the pressurized system at the sizing conditions, in kg/3;

essurized

upstream
the sizing

Formulae (18] to [2Z] are valid only for pure liquid flows through the control valve. Tf flashing is expected in

the control valve, the method given in Reference [33] is recommended.

NOTE

The effective area for compressible fluids can differ from that estimated by Formula (18) because the flow
contraction in the control valve is generally lower and, hence Qy, roeq Can increase. It is most conservative to consider

the geometrically smallest flow cross section in the control valve neglecting movable flow restrictions and flow
contractions.
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6.4.3 Pressure increase due to external heating

6.4.3.1

General

External heating resulting in two-phase flow includes heat input due to process heat transfer, fire exposure,
or solar radiation, etc. Pressure can increase as a result of vaporization, desorption, or expansion of an
enclosed liquid (e.g. liquefied gases).

The fire case is one of the main design cases for refinery industry installations and for the equipment for
the storage/transport of liquefied gases on land or at sea. Details are included in the codes[13].1141.[15] and
in Reference [41]. The key parameter for the safety device sizing is the heat flux. Depending on the field of
application, this heat flux is modified, which results in different sizes of the safety device. In 6.4.3.2, the API

recomme

6.4.3.2

The formylae to calculate @, ;¢ are included in Table 3, based on different heat input mechanismg

composit
Qm,out shg
heating:

Qm,ou

- %
where Q)

For cases

-k *

Qin =V .

Tded practice 15 USed as an exampie.

Mass flow rate required to be discharged

ons, i.e. two-phase flow and single-phase gas/vapour or liquid flow.

uld be calculated as given in Formula (10) in the case of vapour/liquidtwo-phase flow an

_ e 1
Aho

is calculated iteratively as given by Formula (23):

T Ql*n - Q:cc)_ln[ V: ]:0

in

is the latent heat of vaporization@t the sizing condition, in ]/kg;
is the ratio of total heat input to energy flow removed by evaporation;

is the ratio of sensible heat to latent heat; see Formula (69);

is the dimensionless specific volume of the homogeneous two-phase mixture at the siz
tions in the pressurized system; see Formulae (66), (67) or (68);

is the heatAnput into the pressurized system; see Formula (24) or Formula (25).

where Q% =0, i.e. cases where py=pyye, that means AT, = 0, and Formula (23) 1

over

and fluid

] external

(10)

(23)

ing condi-

educes to

Dependin

g on the type of heat transter, Q 1s calculated as tollows:

a) Inthe case of process heat transfer, Q is calculated as given by Formula (24):

Q = Bpeat  Aneat '(Theat —Tsat (pover ))
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Aheat

Theat

sat
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is the maximum overall heat transfer coefficient (without fouling in the equipment), in
for the sizing case considered;

is the area of heat exchange in the pressurized system in case of external heat input, i

is the maximum possible temperature of the heat source, in K;

W/(m?K),

nm?;

is the saturation temperature, calculated at p . (the maximum pressure during the relief, in Pa)

instead of p,, (the sizing pressure, in Pa); credit is taken on Apy;a,, see Figure 1.

b) In caseoffire exposure, Q is calculated hy using Formula (25):

0=4B 200-F- A% for open pool fires

The facto
drainage.
insulated
the vesse
engulfed

As descri
the gener

If a fire c

fire

b 300-F - Ag. for confined fires

is the environmental factor for heat input from fire;

(25)

(26)

is the total surface area wetted by internal liquid and located within 7,5 m vertically from ground

or from any surface capable of sustaining a pool fire, inan2

Ir 43 200 is based on experimentsl14l, and the assumption of prompt fire fighting and

and non-insulated pressurized systems. A, including only the mantle and not the
is raised to the power 0,82 to give credit tosthe fact that large equipment cannot be c
by a fire.

ped in 6.3.4.3, two-phase flow is less likely to occur in the case of external heating comp
htion of homogeneously distributed bubbles.

sources dre available like chemical reaction or heat input, the overall sum of energy release

considere

6.4.3.3

In the cas
with the g

d for sizing the safety device:

Heating of a cryogenic vessel in case of loss of vacuum

e of loss of vacuuin, the space between the inner and outer shells may be filled either W
as stored. The'heat input will depend on the sizing temperature and the type of insulatiq

If the sizi

g tempetature, Ty, is equal to or above 75 K, whatever the type of insulation, the heat iny

be calculdted as,given in Formula (27):

adequate

Where these conditions do not exist, a factor of 70 900 should be used. F is listed in Tlable 3 for

bottom of
bmpletely

hred with

innot be excluded as a source of-energy input into the pressurized system, where further energy

thould be

Fith air or
n.

ut should

ins

s va - An\
Q: 5—+kp%rj (TA—T())

(27)

If the sizing temperature, Ty, is below 75 K, which implies that air or nitrogen may condense in the space

between the inner and outer shells and the insulation is in perlite, the heat input should be that given by
Formula (27) but with the value of thermal conductivity of insulation doubled.
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If the sizing temperature, T, is below 75 K, but the insulation is multilayer, the heat input should be that

given by Formula (27) or Formula (28), whichever is higher.

=38 400+ Xx°73

n

A
A,.+kpzl—"(TA—T0)

(28)

0,96+x°73 T I

where

0 is the heat input to the pressurized system, in W;

k, is the mean thermal conductivity of insulating material on loss of vacuum, based on the

W' Ve Tabte 2 ' ITST icvessel;
is the average of the areas of the inner and outer shells of the cryogenic vessel, in m?;

4 is the area of the inner shell of the cryogenic vessel, in m?;

Sins is the thickness of insulation expected to remain in case of loss of vacuum, in m

Ty is the ambient temperature, in K;

Ty is the sizing temperature, in K;

k, is the mean thermal conductivity of piping and supports between T, and T, inf|W/(m-K);

n is the number of pipes and supports connected.to the cryogenic vessel;

A, 4,...A, isthe area of cross-section of pipe or support 1 to n respectively, in mZ;

L, Li...1, is the length, inside the vacuum interspace, of pipe or support 1 to n respectively, in m;

X is the number of insulation layers:
6.4.3.4 [Heating of a cryogenic vessel in.case of fire with insulation
In case off exposure to fire, if it is congsidered that the shell and the insulation inside will survivg, the heat
input willfdepend on the sizing température and the type of insulation.
If the sizipg temperature, T, is equal to or above 75 K, whatever the type of insulation, the heat input should
be calculdted as given in Formia (29):

Q=[2,6kag'82 +kfiﬂ] (922-Tp) (29)

(Sins 1 In

If the sizipg temperature, T, is below 75 K, which implies that air or nitrogen may condense in|the space
between the inher and outer shells and the insulation is in perlite, the heat input should be that given by
Formula (29Ybhut with the value of thermal conductivity doubled

If the sizing temperature, T, is below 75 K, but the insulation is multilayer, the heat input should be that

given by Formula (29) or Formula (30), whichever is higher:

Q=1,

92 160+ x°73 4082

n
A
95 +he Y S1(922-Tp)
0,96+x%73 ! = Iy

(30)

where k; is the mean thermal conductivity of insulating material under fire conditions, based on the highest

of the values given in Table 2 for air and the gas stored inside the cryogenic vessel, according to
[SO 21013-3:2016, 4.2.3.
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Table 2 — Thermal conductivity coefficients to be used in the cases of loss of vacuum (k) and fire
engulfment (k;)

Fluid k, ke
W/(m-K) W/(m-K)

Air 0,019 0,043
Argon 0,013 0,027
Carbon dioxide 0,017 0,039
Carbon monoxide 0,020 0,039
Ethane 0,016 0,064
Ethylene (lethene) 0,015 0,056
Helium 0,104 0,211
Hydrogen 0,116 0,217
Krypton 0,007 0,015
Methane 0,024 0,074
Neon 0,034 0,067
Nitrogen 0,019 0,040
Nitrous oxide 0,014 0,038
Oxygen 0,019 0,043
Trifluororhethane 0,012 0,027
Xenon 0,005 0,009

6.4.3.5 [Heating of a cryogenic vessel in case of fire withieut insulation

In case oflexposure to fire, if it is considered that the shell and the insulation inside will not survive, the heat
input shofild be calculated as given in Formula (31).

. 0,82
0=70 9004 (31)

where

0 s the heat input to the préessurized system, in W;

A;  |s the area of the inner’shell of the cryogenic vessel, in m2.

In this cage the heat tragsterred through piping and supports can be neglected.

6.4.4 Pressureincrease due to thermal runaway reactions

6.4.4.1 |General

For the calculation of Umouv the type of (homogeneous] liquid-phase reaction system generating the
pressure shall be identified first. These are vapour pressure (tempered), gassy, and hybrid systems; see 3.5.

In a tempered system, the majority of heat released by the chemical reaction is discharged in the form of
vapour originating from the evaporation of one or more of the components. The rate of temperature increase
is reduced or even stopped in case of adequate relief design. In gassy systems, gas is produced by chemical
reaction and the vapour pressure of the reaction components is negligibly small in comparison. In this case,
the temperature and reaction rate continue increasing despite pressure relief because relatively small heat
energy is released with the gas. The temperature continues to increase until the reaction is almost complete.
For a hybrid system, the pressure is due to both evolution of a permanent gas and increasing vapour pressure
with rising temperature.
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The kinetics and rates of heat or gas release are seldom available at the conditions of emergency relief.
Therefore, the determination of these shall be experimentally determined in a laboratory with dedicated
equipment (e.g. reaction calorimeters). Indeed, it is possible that the type of liquid-phase reaction system
changes during the relieving process.

Depending on the type of liquid-phase reaction system, different formulae apply to the calculation of the
mass flow rate required to be discharged. Formulae are given for two-phase gas/liquid mixtures and single-
phase gas or liquid flow.

6.4.4.2 Tempered (vapour pressure) systems

Qm,out €an be calculated from Formula (32):

Q
Ah, o
Qm'ou = L (32)
NE \/T 2
v + Qacc
where
0 is the heat input into the pressurized system, in W, see Formula(35);

Ahy is the latent heat of vaporization at the sizing condition, in J{kg;

*

v is the dimensionless specific volume of the two-phaseinixture in the pressurized eqyipment at
the sizing pressure, see Formulae (66), (67) or (68);

Q;‘CC is the ratio of the sensible heat to the latent heat, see Formula (69).

In Formula (32), Q,.. characterizes an allowable further temperature increase, AT as the glifference

over’
between [, at p e and Ty, at p,, as given in Formula{33):

ATyt =Tsat (Pover )~ Tsat (Po) (33)
where
AT, isthedifference betweéen the saturation temperature at the maximum pressure duringthe relief,

Pover and the saturation temperature at the sizing pressure, p, in K;
Teat is the saturation-temperature of the liquid, in K;

Pover| 1S the magimum pressure during the relief, in Pa;

Po is thésizing pressure, in Pa.

Here, p,. 4. should not exceed py5a, SO that Ap,..» is as given by Formula (34):

APover =Pover —P0 ~PMAA —P0 (34)
where

Pover IS the maximum pressure during the relief, in Pa;
Po is the sizing pressure, in Pa;
Pmaa  1s the maximum allowable accumulated pressure of the pressurized system, in Pa.

Ap,yer is often chosen in the range of 10 % to 30 % of p,,en. If Apgyer =0, then Q;CC =0. By allowing for a
pressure difference, the necessary size of the safety device is usually significantly reduced.
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In case of reacting systems, p,,., should usually be less than py,y of the equipment. By keeping p,,.,, low,
the discharge occurs at lower temperatures so that the reaction rate remains relatively low.

The heat input Q from the chemical reaction into the pressurized system is obtained by averaging the
adiabatic rate of temperature increase corresponding to p, and p,,.» as given in Formula (35):

. My cpio(dT|  dT
0= plofdly  df (35)
2 dt |y dt [oyer
where
M, is the total liquid mass in the pressurized system, in kg;

Cp)l,0 is the specific heat capacity of the liquid mixture at the sizing condition, in J/(kg"K};

dTr is the rate of temperature increase in the pressurized system at the sizing cenditiong, in K/s;
de |y

dT is the rate of temperature increase in the pressurized system at the maximum pressyre during
dt | oo Trelief, in K/s. If the maximum rate of temperature increase occursibetween p, and|p,.,, this

maximum reaction self-heat rate should be applied instead of the temperature irjcrease at
maximum pressure during relief.

Formula {35) is not applicable if the maximum rate of temperature ificrease occurs between p,land Pover
In this cdse, it is recommended to use the maximum reaction self-heat rate instead of that at p It is
important that the reaction self-heat rate correspond to that in an‘ddiabatic reaction system.

over

6.4.4.3 |Gassy and hybrid systems

Qm,out €ar] be calculated from Formula (36):
Qm,ou :Fg,O My Vg0 /vo (36)

where

I',o | isthegasproduction rate perliquid mass, i.e. the gas mass flow rate per liquid mass inyentory in

the pressurized systenratithe sizing conditions, in kg/(s-kg);
M, is the total liquid massin the pressurized system, in kg;
Vo is the specific yoliime of a homogeneous two-phase mixture in the system at the sizing cpnditions,

in m3/kg; see Formula (38);
vgo | isthe specific volume of the gas phase at the sizing conditions, in m3/kg; see Formula (73).

In contrast to the sizing for tempered systems, a “mass-loss allowance” is not included for gassy[and most
of the hybrid systems 1n order to keep the smng procedure 51mp1e and yet conservatlve A morg¢ accurate
and realistiep ; v H ef period is
considered. This mass loss is conSIderably 1nfluer1ced by the swell-up behaviour in the vessel, which
again influences the quality of the fluid at the inlet of the safety device. It is not conservative to assume
a homogeneous flow regime in the vessel, since the mass loss would be overestimated and therefore the
pressure increase underestimated. Because the consideration of the mass loss is, therefore, strongly
dependent on a realistic model of the flow regime, the method described here does not consider a mass loss
during the relief period. Further information on this topic is given in References [26], [27], [28], [29] and
[30].

[tis important that the maximum I’ correspond to that in an adiabatic runaway with equal starting pressure,
concentrations, etc., postulated for the sizing case from step 1; see 6.2. Often, I shall be developed from
dedicated experimentslll. The use of I' can sometimes lead to an oversizing if, during the relief process, the
reactor is emptied before the maximum I" occurs.
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The relief of mixtures identified as hybrid systems may be conservatively treated by using the formulae for
gassy systems.

For hybrid systems which are tempered during the whole relief time, Formula (37) is less conservative

compared to Formula (36)[40];
Fg 0M0V Q

2
i Ahv,o (\/v7+ N )

6.4.4.4 Stagnation mass flow quality and specific volume of the mixture at the inlet of the vent line
system

(37)

Qm out —

X, and v] entering the vent line system are to be calculated. For high viscous and for foaming fljids and if

the propg¢rties of the reactor inventory are not known in detail, homogeneous vessel venting shall be
assumed.

The mearn value of v, of the homogeneous two-phase mixture is as given in Formula (38).

Vo ZXO . Vg'o +(1—).(0) . VI,O [38)

X, is detgrmined from Formula (39):

£y -V
Xo = 010 (39)
1—80)-Vg’0 +&p Vi
_ . o
30—1—%—1—7 (40)
where

£ is the void fraction in the pressurized$ystem at sizing conditions;
Vio |is the specific liquid volume at sizing conditions in the pressurized system, in m3;
Vgo | is the specific gas volume atsizing conditions in the pressurized system, in m3/kg.

In case the liquid viscosity ) 5~ >-0,1 Pa‘s, or is not known, homogeneous vessel venting fegarding
Formula (|39) shall be assumed-to.calculate at the inlet of the safety device vent linel3Zl,

For a non{foaming liquid with-a viscosity (2, , <0,1 Pa-s at sizing conditions, or in case experimenta| evidence
has showh a significant vapdur/liquid disengagement during relief, Xy may be determined from Forjnula (41).

1= Vo,ct

Xo g (41)
g
Vo,ct =¥o 6= (a0 0] 1 (42)
' ' k Vg0 J Qm,out
Ag -u,,
2(1-¢y)
= %) 43
P 12y (1-0y) )
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VO,ct

AR
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is the initial maximum liquid level at sizing conditions;

is the specific volume of the mixture for churn turbulent flow at sizing conditions, in m3/kg;

cross-sectional area in a vertical cylindrical vessel.

The distribution factor C, is typically between 1 and 1,5. In case a churn turbulent level swell can be

reasonably assumed, the mass flow rate to be discharged has to be known to calculate v . . Hence, Q

can only be calculated iteratively[38],

m,out

6.5 Ste
vent ling

6.5.1 G

The disch

within al
State of t¢

safety dej
importan
valve and
flashing f
sized sim
elements,
mandato

Annex C
Alternatiy
the partig

The basis
through 4

Migea

p 4 — Calculation of the dischargeable mass flux through and pressure chang
system

eneral

argeable mass flow rate mgp through a vent line system depends on the|restriction o

elements of the vent line system until either critical flow or the end of the vent line ij
echnology is to simultaneously calculate mgp and Ap in the vent linecomprising of the

Fice and outlet line. In safety valve vent line systems often the inl€t pressure drop Ap if
Ce as choking occurs typically in the safety valve. Historically, this led to a separate sizin
the connected piping for gas service. This is not always-€énservative in the case of t
ow systems, especially at low inlet mass flow qualities.{Phérefore, the vent line system
1ltaneously. In bursting disc vent line systems the resistance is generally governed by {
not the bursting disc, hence, simultaneous calculatien”of inlet line bursting disc and ou

y.

gives an example of a method for the detetmination of Ap in a connected vent lin
e methods are available, however, it is important to ensure that any method selected is r
ular application and is correctly appliedby those appropriately qualified and experience

for sizing the safety device is the formula for the conservation of energy for a steady-
n adiabatic restriction. Thus, m{g.,) is as given in Formula (44)[36l:

-

Mth *
1%
Min

© g-sinf-L
Vo Po

e in the

F the fluid

reached.
inlet line,

of minor
b of safety
wo-phase
should be
he piping
let line is

e system.
plevant to
d.

btate flow

(44)
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where

seat

pseat

Po
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is the specific volume in the narrowest flow cross-section between the pressurized system and
the valve seat and minimum flow area for bursting discs, in m3/kg;

is the pressure in the narrowest flow cross-section (usually the valve seat), in Pa;
is the sizing pressure, in Pa;

is the flow cross-section at narrowest cross-section; In the case of a pipe or a bursting disc where
the bursting disc has a larger available area on bursting than the cross-section of the vent line,
Ath = Ain;

g
0

Formula

of the mi
exchange
equilibriy
delay and
from a ple

Migeq

is the flow cross-section at inlet conditions;
is the vertical length of a flow restriction to account for potential energy change,‘Eor safety valves
and bursting discs, L may be set to 0. For inlet and outlet lines, the heights of the system shall be
considered;
is the specific volume in the nozzle between the inlet and the narrowest flow cross-section|in m3/kg;
is the resistance coefficient at the reference cross-section;

is the pressure in the nozzle, in Pa;

is the dimensionless velocity ratio between the inlet and\the throat of a nozzle;

is the acceleration due to gravity;

is the angle of the discharge line to the horizorital.

44) is a direct integration method allowing’the use of a formula of state for the speciffic volume
kture v between the inlet and the throat-ef a nozzle. It includes the inlet velocity, frigtion, heat
and the hydrostatic energy change in ¢ase of upward flow. Thermal, mechanical and chernical non-
m effects due to very short relaxatiofrtimes of the fluid in the nozzle like boiling or condensation

slip are implicitly incorporatedinthe specific volume v. For an ideal (adiabatic, frictionlless) flow
num through a nozzle, Formula (44) yields([3¢l:
1L | T dn (46)
v 1
th

In order t
from_ Po

relations
correctio

In indust
data are
specific

o evaluate this integral, it is necessary to know v as a function of pressure along the n¢zzle path
0 Psear- A nuniber’ of models have been proposed in the literature for approximating| this v(p)
ip. In generalthey are based on the assumption of a homogeneous equilibrium flow andfempirical
s are made¢ for the thermal and mechanical non-equilibrium(23],

y, thermodynamic property data can be available from a database or else measurgd. These
easured for each phase separately under equlllbrlum condltlons Then typlcally, two-phase
weighted

by the qullty If homogeneous equlllbrlum flow is assumed the 1ntegral can be evaluated numerlcally, ie.
neglecting boiling delay and slip.

Equilibrium models might not be fully appropriate for the flow through short nozzles and low-quality fluid
flow. That is the reason why the thermal non-equilibrium is included empirically[181.[24].[26].[27] and[38],

Typically,

the non-equilibrium effect is more pronounced than the change of property data between inlet

and nozzle throat[34].

In the case that a linear relation for v(p) is assumed, fluid thermo-physical property data at only one pressure

point, e.g.
Leung(21l,

po are required, and this allows for evaluating the integral analytically, e.g. the Omega method of
Diener and Schmidt(18] modified this method to account for non-equilibrium effects and formed
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the basis for the method presented in 6.5. The latest modification was published as the HNE-CSE omega
method[3¢], mainly to overcome some weaknesses of the classical omega methods, namely to

a) perform consistent results with ISO 4126-7:2013/ Amd 1:2016 for gas and liquid flow,

b) accou

nt for the inlet velocity to the safety device,

¢) include the potential energy change in case of upward or downward flow,

d) accou

e) cover

nt for frictional pressure drop between inlet and outlet,

the inlet conditions of initially subcooled liquid and low mass flow qualities,

) incluge—saanodel tor the critical presoure ratle accountine {or bolling delay which fo anglicable for

integrated sizing of inlet line, safety device and outlet line (see 6.7).

The HNEH
throttling

A simplif

bursting dliscs with a significant flow restriction is given in Formula (47):

[.Vseat -1 )
Vv
0=

CSE method is included in this standard. Due to its enlargement it can be applied.to al
devices as safety valves and bursting discs and also to straight pipes and pipe elements,

ed formula for the compressibility coefficient w at the sizing conditions‘for safety v

Vo
Po

pseat

If ¢pic hay

The above
it at one |

Preq and
narrowes
equilibriy
simplifica
(see 6.5.4

.P_O_lj
Dseat

is the specific volume of the two-phase gas/liguid mixture in the narrowest flow cro

is the specific volume in the pressurized-system at the sizing conditions, in m3/kg;
is the sizing pressure, in Pa;

is the pressure in the narrowestflow cross-section of the safety valve, or the pressure i
imum flow area of a bursting disc, in Pa.

been established in thesafety device, pge,r = Perit - Otherwise, pgeqe =py, -

definition of w involyes property data at two pressure points and is more accurate than e

|1 kinds of

hlves and

(47)

5S-section

of the safety valve, or the specific volume in the minimum flow area of a bursting disc, in m3/kg;

n the min-

valuating

T

r

comparis

by Of the accuracy of the methods is given in References [34] and [26].

bressure point. Itis-also valid for single- or multi-component systems close to the limitations of
od - This definjtion has the disadvantage that it is necessary to know the property dpta in the
t flow cross=section of the safety device, which depend on the degree of thermodyngmic non-
m (boiling'delay, slip of gas phase) in the valve. Generally, these data are not available. For
tion, @can be based on Formula (47) with p.,. set to 80 % or 90 % of p, or on the sizing donditions
, L& typically n . and assuming thermodynamic equilibrium conditions to calculate vy, | at p. ;.. A

In case the flow is not significantly restricted, e.g. in straight pipes or wide opening bursting discs,
Formula (47) cannot be applied. Here, the more general definition in 6.5.4 should be used.

The calcu

lation of mygp is given by Formula (48).
. . 2pg
msp =Kgy - Migea) =Kgr - C- v
0
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mideal
C

Po

Vo
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is the valve discharge coefficient; see Table 4;

is the mass flux through a theoretically perfect (adiabatic, frictionless) nozzle, in kg/(m?-s);

is the dimensionless mass flow rate; see Formula (53);
is the sizing pressure, in Pa;

is the specific volume of the homogeneous two-phase mixture at sizing conditions in
surized system, in m3/kg; see Formula (38).

The calcu

frictionle$s) nozzle. It is composed of C (see 6.5.3), which is a function of p,, and v,. Second;, w1

reduced 4
mgp isre
In Table 4
6.5.2 1
NOTE 1

Kir,2ph sh

average of the certified discharge coefficients for single-phase flew according to Formula (49)[36I:

Kdr,Z[
where

seat

om

y using K, related directly to this model.
ated to A,,.

|, formulae are given for liquid, two-phase mixture and single-phase gasjvapour flow.

wo-phase flow discharge coefficient, K.,
Kgr,2pn is strongly dependent on the ideal mass flux model and the flow behaviour inside the safg

hll either be determined experimentally or according to@ the following method as the

h :Kdr,g “Eseat +(1_€seat )'Kdr,l ‘K

a homogeneous two-phase mixturgé;as given by Formula (50):

v
1 1,0

seat — 1+ 1
4B [co . (——1J+1}
n

is the certified discharge coefficient for single-phase vapour/gas flow;

is the certifieddischarge coefficient for single-phase liquid flow;

is the pressure ratio, either the critical pressure ratio 1 (if n,, < .. or the back-pres
My (52 1rie);

is the specific volume of the liquid phase at the sizing conditions, in m3/kg;

the pres-

ation is performed in two steps. First, myy., is calculated through a theoretically perfeet [adiabatic

. is then

ty device.

weighted

(49)

is the void fraction in the narrowest cross-section of the safety device at the sizing condlitions for

(50)

Kure ratio

is the specific volume of a homogeneous two-phase mixture in the system at the sizing conditions,

in m3/kg;
is the compressibility coefficient;

is the viscosity correction factor.
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If the liquid viscosity at sizing conditions 2, ; < 0,1 Pa-s:

K,=1

otherwise for 10 < Re < 100 000:

K, =

where

-1,0
(0’993 - 2,878 N 342,75)

(A-x ) | 4

(51

Re =

TIT cac 7

NOTE 2

3,6 - 'Ql,O Y 'Ath : (1'Sseat)

This method is based on the assumption that the value of the discharge coefficient for two<phas

(52)

b flow is in

between those values for single-phase liquid and vapour flow. The result of this averaging procedure is in Jubstantial

agreement

NOTE 3

equilibriugn flow model used for calculation of C as given in 6.5.3.

NOTE 4

no inform
flow cross

coefficient]for gases is not valid anymore.

6.5.3 Diimensionless mass flow rate, C

C shall be

NOTE 1

The use of this discharge coefficient is indispensably coupled with the, homogeneous, par

ition is available about the compressibility effect on the dischargé.coefficient. If the flow in the
section of the safety device approached, it is possible that thé€thermodynamic critical point thd

calculated by using Formula (53).

Cis a function of w. C also accounts for the presence of critical flow in the safety device.

(M <) - (1=@(N)) +@(N) - m(h)_m
o Mth Vo "Po

(V-0 3 S5y (0 - (1) * (|}
voref [Aref] [w(N) (1N )+ [nref D

where

Min 1S
ve

Agy ]2_ [ O(N) - (5 i)+l (nil DZ
Aref a)(N) ; (1_nth)+nth Nin

Lhe ratio between the static pressure at inlet and the sizing pressure at inlet. In case of 3
sselvyy, = 1;

with the method presented in Reference [24]. More adequate results can be obtained by experiments for a
specific safety device type.

fially non-

At thermodynamic critical condition of a fluid, v| g =V o. Hence, Ky 5 =K, - To the current knowledge,

narrowest
discharge

(53)

(54)

pressure

Nth is the ratio of the pressure in the narrowest cross-section to the sizing pressure;

N is the non-equilibrium factor;

o(N) is the compressibility factor accounting for non-equilibrium effects;

f isthe reference flow cross-section (either inlet or throat), in m?;

Nwer 1S the ratio of the pressure in the reference cross-section to the sizing pressure.
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In short, vertically directed nozzles or in bursting discs, the hydrostatic term may be neglected (L=0). The
friction at the nozzle wall may be linked to a two-phase multiplier(3¢] but is often only of minor importance (
Cy ref =0) in short nozzles.

NOTE 2  TI'represents the kinetic energy in front of the safety device.

6.5.4 Compressibility coefficient, w (numerical method)

w shall be specified according to Formula (55):

O(N) = Ofrozen + Dfash - N (55)
NOTE In case of low mass flow qualities at the inlet of the safety device, the flow is typically isotherma3l, whereas
at very high mass flow qualities the property change is almost isentropic. Therefore, w changes dependirg on the mass
flow qualify between both states:

1
Vo i k-n 1 %
; g,1s th K
Ofozen = X0 | (1=k)+ — -1 (56)
Vo (1= )| Men
1 T
v, q— ="V (57)
g,is 2,0
ns T
1
Tis =To M *© (58)
cpro-To-Po-Ns (Vg0 Vo )2
Wfash|= ' 2 (59)
Yo Ahg
where

Vg is is the isentropic specific volume,in m3/kg;

Mg is the subcooling ratio;

Tis is the isentropic temperature;

k is the factor for calculation of the ratio of the actual temperature difference to the maximum

achievable temperature difference in isentropic gas flow;

K is the isentropic coefficient.

The actudl temperatyre difference between inlet and throat related to the maximum achievable teiperature
differencg¢ in isentropic gas flow shall be calculated according to Formula (60):
X
k= 0 . ke (0.1) (60)
c
%o +(1-3)-—22L
Cp,g,is

N reflects the boiling delay at high velocity flow through a short device. The exponent a is equally valid for
initially subcooled, boiling or two-phase flow.

a
N =| X + Opja5n 'L'ln n_s :I (61)
Vg,is _VI,O Nth
—06 3
a=(s) " == T'ung (62)

5
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if Xy <0,003: Mg =%, else: T'yyg =1 (63)

ns =1 for saturated liquids and two-phase flow at the inlet of the safety device and yields for initially
subcooled liquids:

ps (Toy)
Ng=—"—"- (64)
bo
where
3 1o £ L i ik £l Ls A | i e pa - /Al 12
Cp'l'o IS5 UIIT DlJC\.lll\, IITac Laya\,u,_y Ul LUIIT ll\,lulu al DlLllls LUllulLlUllD, ITI J/ \1\5 1\),

Cp,g,is is the ideal specific heat capacity of the gas in an isentrop change of condition, in }/(kg-K);
I'yng is the factor for consideration of the gas content in the non-equilibrium exponent;

a is the non-equilibrium exponent.

Formulae|(53) to (64) shall be solved iteratively by varying n,;, between 1 and#,,"to get the maxinpjum value
for C eithler at a calculated pressure ratio in between 1 and n,, (critical flow) or at the pressurg ratio n,
(subcriticpl flow).

Itis reco;lnt‘lmended to start the iteration at 7, = 1 and subtract vali€s of 0,01 or less until the maximum
coefficient is computed. Modern mathematical solvers are more effective than this stepwise meth¢d.

Qm,sp shall be calculated based on an analytical solution of Forniula (48).

mgp 3 =Kg- C-,[— (48)

6.5.5 Calculation of the downstream stagnation condition

When applying the HNE-CSE model to calculate the pressure change through a vent line system, cplculation
of the fictfitious stagnation downstream, cenditions after a certain pipe element is required. The ¢alculated
stagnatioh conditions are then used asiinput conditions to the following element of the vent line syjstem.

A calculation method for the downstream stagnation conditions consists of the application of thef HNE-CSE
model forfa frictionless flow through an ideal nozzle. After the outlet pressure ratio of a certain pipe element
is calculated, the dischargeable mass flux mg, through the same element can also be determined.

Thereforg, the model is €Computed in such a way that the calculated outlet pressure ratio of the pipe element
is used to|determine thefictitious stagnation conditions at the same location in the vent line. A simpltaneous
calculatign of the mass flow quality at the same location is required by means of an isenthalpic flagh.

6.5.6 Slip-€orrection for non-flashing two-phase flow

If the flow at the Ilet of the saiety device comprises of a non-ilashing liquid and a non-condensable gas (e.g.
air and water at ambient conditions), the slip between gas and liquid has a significant effect and the slip
factor shall be calculated according to Formula (65).

Vo

v Vio
Pstip =, |[—— = (65)

Veq,0 v 1/6 v 5/6
1+%,- [g—ol “1| [ 1+%, - [g—oj -1

V$,0
where ¢y, is the slip factor.
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In case of flashing flow, ¢, = 1.

C shall be multiplied by ¢;,[34].

6.5.7 Slip correction for two-phase flow in straight pipes

The HNE-CSE method is based on the assumption of a homogeneous flow through a restriction like a valve,
bursting disc or pipe, empirically improved for phenomena of non-equilibrium and slip. A slip correction may
also be applied for pressure drop calculation in the inlet and/or outlet line (straight pipe) to adapt the here
proposed method to certain pressure drop correlations including slip flow (e.g. Chisholm, HTFS, Friedel, or
other correlation).

6.6 Step 5 — Ensure proper operation of safety valve vent line systems under plant
conditions

This subdlause applies to safety valves only. The piping and fittings from the protectedequipment to the
safety valve and from the safety valve to the ultimate fluid discharge location can have'a signifidant effect
on the performance of the safety valve. Proper design of these piping segments is"¢ssential to the proper
pressure protection of the plant equipment.

In the cage of single-phase flow (liquid, gas or vapour), ISO 4126-9 provides-guidance on the design and
installatign of these piping systems connected to safety valves. The metheds and limitations provided in
ISO 412619 have been developed for and applied to safety valves in single-phase (liquid or vapouf) service.
The guidgnce provided in ISO 4126-9 (limitation of inlet pressure loss(and back pressure to certajin values)
is generallly specified by national codes or regulations but is basedonexperience with single-phasg fluids.

In the cage of two-phase flow, the limiting values developed for)single-phase flow (3 % Ap,,.s and 10 % p,)
are not ng¢cessarily applicable. Experimental work is required, on this subject.

Proper ogeration of a safety valve integrated into a vent\line system includes ensuring that the safety valve
discharggs at least the minimum required discharge:miass flow rate while avoiding unstable operafion of the
safety valve. For example, valve chatter can occur during relief conditions if the forces acting on|the valve
piston lead to a high frequency opening and closing. Chattering of the valve can dramatically reduce the flow
capacity gnd the valve body and/or the piping ¢ould faill20l.

The stability of the operation of the safety valve shall be considered. Dampers and balanced bgllows are
examples|of possible solutions to limit\the effects of instability. Additionally, the manufacturer ghould be
consulted with respect to trim configuration.

Because fhe relationship between inlet pressure loss and safety valve instability is not de¢finitively
understodd, detailed requiréments for an engineering analysis are the responsibility of the user. The user’s
engineeri}ug analysis shallbe'documented. An engineering analysis shall not be used to accept a saffety valve
installatign that has experienced chatter.

6.7 Simultaneous calculation of the dischargeable mass flux and pressure change i the
vent ling system

The pressure r‘h:lngn fhrnngh the vent line system shall be cimn]fnnpnnc]y calculated and the bui t-up back
pressure evaluated.

Annex B shows an example of calculation of the mass flow rate to be discharged Q
system after evaluating the flow regime at the vent line inlet as a two-phase flow.

m,out frOM a pressurized

After evaluated Q,, ., @ simultaneous calculation of mgp and pressure changes in the inlet line, safety

device and outlet is required. Annex C shows an example of calculation on which a vessel is connected by an
inlet pipe to a safety valve, followed by an outlet pipeline to the atmosphere. The same procedure is shown
to be applicable also for the case of a bursting disc vent line system. The method consists of a first estimation
of the mg through the safety device, only. The mgp is then recalculated though the complete vent line

system.
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6.8 Summary of calculation procedure
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Annex A

(informative)

Identification of sizing scenarios

Table A.1 — Possible causes for overpressure in a system to be protected

Reasons for a pressure increase

Calculation of the mass flow rate required to be discharged

Changed ﬂeed/exit mass flow rate:

inlet line: valve malfunction (e.g. sticking valve

cone)

pump/compressor operation failure
heat ¢xchanger: leakage/pipe crack

unintlentionally closed valve (power outage,

wiring/operation failure)

blocklage of downstream pipelines
equigment

overfjlled tank

or

Fully opened process valve on an inlet line

Take into account any constriction of the inlet; eig. an ¢
(pressure loss in process valve in inlet line/is ot taker
account).

tial, maximum pressure possible on\the high-pressure
example, relieving pressure of safety valve. (Pressure
not acceptable as a safety system.)

Maximum possible pumpingpressure/flow rate

Fully closed outlet valve

Maximum possible pumping pressure/flow rate

rifice
into

Maximum operating pressure or, in case/of high hazard poten-

side, for
reducer is

Increased|energy input:

solar|radiation
fire

unusthal/abnormal heating:

thermal expansion of enclosed liquids
shutdpwn of steam controller

cleaning: heating of solvents

Heat flux according to Table 3 and Reference [14]

Maximum conductivity coefficient for clean heat exchd
surfaces

Temperature in the pressurized system equals the smz:

a) mixture boiling temperature at p,,.,;

b) maximum heating temperature (e.g. steam tempe

Decreased energy transfer:

coolef shutdown (€ooling water/condenser)
mixel shutdew:t’(broken mixer shaft)

poor mixing/separation

Decreased energy removal

Total energy shutdown

nge

ller of:

rature).

high viscosity

Deterioration of the heat transfer (fouling)

Total or partial loss of energy removal
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Table A.1 (continued)

Reasons for a pressure increase

Calculation of the mass flow rate required to be discharged

Changed reaction:

— runaway reaction due to:

cooler shutdown (electrical circuit/pump Characteristic quantities in safety engineering (e.g. temperature
failure); increase rate and also reaction enthalpy)

charging failure (sequence, amount, substanc- |Measurement of the temperature and pressure changes during a
es); step reaction of the operation in an adiabatic reaction calorim-

dosing failure (sequence, substances, dosing eter
rate); Heat capacity of the steel of the pressurized system with the

impurities (starter inactive, catalysis);

coolers included, if relevant. Pay attention to accumulation of

side reactions (pH difference);

incorfect coupling/interruption of flows;

back flow or flow from other systems;
startipg reaction or operating time;

gas prjoducing reaction (e.g. decomposition
reaction) resulting from pollution (catalysis).

reactive components (reaction stops due to a cooler brpakdown
or inactive catalyst; overdoses of an input).
Gas production rate per initial mass inventory fyom laporatory
tests, e.g. reaction calorimeter, see Formula (36]

© IS0 2024 - All rights reserved

45



https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(en)

Annex B
(informative)

Example calculation of the mass flow rate to be discharged

B.1 General

This anne
device frd

an inlet

B.2 Stegp 1 — Identification of the sizing case

B.2.1 G

NOTE

B.2.2 In

a

pneral

See 6.2.

jput data

a) for the pressurized system:

V=8

My

Po=

b) result of lahoratory experiments:

Ty

m3
6 000 kg
| MPa (10 bar)

=(,1 MPa (1 bar)

=Py
=1,2 MPa (12 bar)
=1,5 MPa (15 bar)
0,85

4 m?

153,05 K

A PI UVidUb dll cxdmpic Uf LllU LdlLuldLiUllb Uf Lhtf IIId S5 f}UW Idic Lo bC dibbhdl ged Lhng 1a Safety
m an 8 m3 polymerization reactor following a runaway reaction. Any flow restrictiomaé¢ording to
d outlet vent line can be accounted by the method given in Annex C.

volume of the pressurized system,
total liquid masstin the pressurized system at the sizing cdnditions,
sizing pressure,

back pressure,

opening pressure,

maximum pressure in a pressurized system during relief,
maximum allowable accumulated pressure,

initial liquid filling level,

cross-sectional area of the vessel (pressurized system);

sizing temperature,

Psat (T) = 1 MPa (10 bar)

AT er = 20K

d_T:0,0835

dey s
a7 :0,183E

saturation pressure,
saturation temperature difference (overtemperature),

reaction self-heat rate inside the pressurized system at the sizing
condition,

reaction self-heat rate inside the pressurized system at maximum
allowable accumulated conditions,
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dp _ 0. 400 MPa 4 bar maximum rate of pressure increase inside the pressurized system at
to o min |  min the sizing condition;
The reaction mixture is a non-foaming system.
c) property data from appropriate sources:
T.=647K thermodynamic critical temperature,
p.= 22,1 MPa (221,3 bar) thermodynamic critical pressure,
] specific heat capacity at constant pressure (liquid phase),
Cpl,0 =4650——
l\s N
M=1¢ kg relative molecular mass,
T kmol
Ah, o|=1826 OOOL latent heat of vaporization,
’ kg
3 specific volume in the pressurized system (liquid phase),
v o 40,001 1932
’ kg
m3 specific volume in the pressurized system (gas phase),
Vg 0,198 4—
’ kg
N surface tension of liquid inside the pressurized system at [the sizing
01 30,000 1— e
/ m condition,
Qo|=001Pa-s viscosity of liquid atthe sizing condition,
Ko=13 isentropic coeffigient (gas phase);
d) devide data: safety device data for pre-selected-device type (given by manufacturer):
KirgF 0,77 certified device discharge coefficient for single-phase gas/vapour flow,
K4 ¥ 0,5 certified device discharge coefficient for single-phase liquid flow.
B.2.3 Sizing a safety device —Application range of the method
NOTE See Clause 5.
The methpd is accurate forsystems in which either or both of the following conditions are true.
a) The gvertemperature€ is less than 90 % of the fluid's thermodynamic critical temperature:
Tyyer = AT} ver- T — Tyver =473,05 maximum temperature during relief, ifn K
T — Tover
red = T.eq=0731 reduced temperature
M

b) The overpressure is less than 50 % of the fluid's thermodynamic critical pressure:

© IS0 2024 - All rights reserved

47


https://standardsiso.com/api/?name=8fbbdd515afcbe4f6637f63fb29f2a21

1SO 4126-10:2024(en)

pover
Pred =

(2)

Preq = 0,054 reduced pressure

C

In the case of a runaway reaction, the reaction self-heat rate in the pressurized system at the maximum
pressure during relief should be less than 2 K/s. The maximum rate of pressure increase is restricted to
20 kPa/s (12 bar/min). The method is applicable as Formulae (B.1) and (B.2) hold:

a7l _ 083K (B.1)
dt 0 N
dp| e (B.2)
dt |y min
B.3 Step 2 — Flow regime at the inlet of the vent line system
Calculatigns for a non-foaming system and low-viscosity mixture at the sizing conditions are carrfied out as
follows.
NOTE See 6.3.
0 _Mp-cpio(dr L 4T heat input into the pres-
2 dtly dt loyer 0=2,316109 W surized system at the
(35) sizing condition
- C 1,0 AT,
Qacc =% 2005 ratio of the sens|ble heat
0 Qace =0, to the latent hea
(69)
V=] Vg0 dimensionless specific
Vho—Vio vi=1 volume for singlg-phase
(68) vapour flow
0=0 —0> +v'|1-In i Ratio of total hept input
B M o Qi =0,714 to energy removled per
(11) unit time by evaporation
0 __Q 1 vapour mass flow rate re-
e AR, 05 Qm g out = 1,777 quired to be dis¢harged,
(10) inkg/s
L Cnrgont * Vg0 superficial gas vielocity in
80 Ae Uy 6 =6.29 the dome of the pressur-
(7) ized system, in cm/s
L P 25
1'53 O'l’o.g. -
3 o Vgo bubble-rise velocity in
too = 1 u_ =502 churn turbulent flow at
— s the sizing conditions
1,0
(8)
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dimensionless bub-

u =1,252 ble-rise velocity

(6)
The dimensionless bubble-rise velocity leads to a critical threshold of about 67 % (see Figure 4). Hence,
the initial filling level of 85 % in the pressurized system under sizing conditions is larger than the filling
threshold and two-phase discharge should be taken into consideration.

B.4 Step 3 — Calculation of the mass flow rate required to be discharged

Calculations for the flow rate required to be discharged (gas/liquid mixture) are carried out as follows.

NOTE See 6.4.

. My-cpio(dT| dT : :

Q 17 |a +E ) _3711.10° W averdgeheat input into
0 over Q=3711 thépressurized|system

(35)

- C 1,0 . AT
Qacc =% 0051 ratio of the sendible heat

70 Qacc =0, to the latent hegt
(69)
SO = 1 —% TN
=0,15 -

(40) & initial gas hold-hp
oo = €0 'V1,0

‘ (L-€0)vg0 €0 V0 X =1,06-1073 mass flow quality
(39)
Vo =%g Vg o t(1-%) v am? specific volume|of the
(38) Vo =1,402-10 k_g mixture

* VO
LA * 2109.10°3 dimensionless gpecific

0 L0 VoA volume

(67)
0 _ Q

m,out| — 2 k

* o _ kg mass flow rate (tem-
Ahy ~(\/V7+\[Qacc) Qm,out =21,147 S pered)

(32)
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Annex C
(informative)

Example of calculation of the dischargeable mass flux and pressure

C.1 Ge

An example of calculation of the dischargeable mass flux and pressure change through safety
disc connected vent line systems is presented. Before estimating the dischargeable
vent line system, the fluid phase composition at the inlet of the vent line, as well as th¢ flowrate
[0 be discharged can be accessed according to Annex B.

bursting

through 4

required

In the pre
outlet pip

change through connected vent line systems

eral

the safety device.

L3,
3 3

I

valve and
mass flux

sent example, the pressurized vessel is connected by an inlet pipe to a saféety device, follojved by an
eline to the atmosphere as depicted in Figure C.1. In this example a safety valve was con

bidered as

Po mfeed
T
o0
Key
0 s the vessel
1 is the nozzle
2 is the valve inlet
3 is the valve outlet
4 is the end of line
L, is the inlet pipe length of the safety device, in m
Ly 4 is the outlet pipe length of the safety device, in m

Figure C.1 — Schematic of the sizing case including an inlet line, safety device and outlet line on top

of a pressurized system
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C.2 Inputdata

a) for the pressurized system:

Water and steam medium,

po =1 MPa (10 bar) vessel total inlet pressure,

p, = 0,1 MPa (1,013 bar) back pressure,

Ty, =20°C ambient temperature,

Xg = ;0001 vesseltotalmassflows qua]ify’
T, =[180 °C sizing temperature,

ny =1 initial pressure ratio.

b) geonjetric parameters of the vent line system:

SV DN 25 x 40 safety valve type,

dyg, 9423,0 mm throat diameter,

di_» F 28,5 mm inlet pipe inner diametér,

d;_4 = 85,5 mm outlet pipe inner diameter,

Li,Flm inlet pipe length,

L; 4y F2m discharge\pipe length.

f=0,p1 fanning friction factor,

Cnozzle,inlet = 0,5 tesistance coefficient of the vessel exit nozzle.

c¢) devide data: safety device data for pre-selected device type (given by manufacturer):

o7 certified valve discharge coefficient for single-phage gas/va-
drg [ pour flow,

Kory 70,45 certified valve discharge coefficient for single-phase ljquid flow.

opDlalned by Cd
Exceptions may

- S S—
occur at conditions close to t

Ate througt afety device
he saturation linel39].

i [ Um,SD
without inlet and outlet line.

The HNE-CSE model is applied to each vent line segment by iterating the outlet pressure ratio of the
respective segment until the previously estimated mass flow rate is reached.

After the outlet pressure ratio of a certain piping element is calculated, the downstream mass flow quality is
determined assuming isenthalpic flash.
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To calculate the critical pressure ratio in the narrowest flow cross-section of the safety device (throat), the

¢ =0. Formula (C.1) is a simplification of Formula (53)

following Formulae are iterated in such a way that

TNth
in case of flow through a vertically directed nozzle (sin@ =90%L=0m; {y rof =0;4j, =c° m? ) :
C(Nwm )= et ‘\/(1—nth)‘(1—w(N))+w(N)~1n L
O(N)- (11, )+ 1y Mth
: (750 ~¥10)
Vg k- 1 Ve c T - pg - Voo —V
o(N)=xy 25 . [ (1-k)+ Mth (_Tc _1|] 4 ProfoPolls (Vg0 i o)
Yo 1y [\ My Yo Ahg o
L L ’
X
k= 0
c
x{+(1-%g) - 22
Cp,g,is
T, : ’
C . . . v —V V
No| gy s P ToPo s (Vgo o vy (0
Vo Ah, o Vgis ~V1,0 Mth
1 T
VeisT—— " 7 " Vgo
B s T, B
K1
Tis =10 Mt *
where
C is the dimensionless mass flow rate;
o(N)| is the compressibility factor at inldtstagnation conditions;
k is the factor for calculation ofthe flashing/frozen flow;
N is the non-equilibrium fagtor N;
a is the non-equilibriunr’exponent (see Formula (62));
X is the mass flewquality at sizing conditions;
Po is the total’pressure at sizing conditions, in Pa;
Ty is the.temperature at sizing conditions, in K;
) is.the specific volume at the inlet of the vent line at sizing conditions, in m3/kg;
Nth is the ratio of the static pressure at the throat to the stagnation inlet pressure;

cp0 isthe specific heat capacity of the liquid at sizing conditions, in ]/(kg-K);
Cpgis IS theisentropic specific heat capacity of the gas, in J/(kg-K);

Vg is is the isentropic specific volume, in m3/kg;

Vio is the specific volume of the liquid phase at the sizing conditions, in m3/kg;

Vg0 is the specific volume of the gas phase at the sizing conditions, in m3/kg;
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is the latent heat of vaporization at the sizing condition, in J/kg;
is the subcooling ratio;

is the isentropic temperature;

is the factor for consideration of the gas content in the non-equilibrium exponent (see Formula (63));

is the isentropic coefficient.

The results of the first estimate of the dischargeable mass flowrate are obtained as follows:

CCI‘it = O, 453
Nerit 70,688
where
Cerit | is the critical dimensionless mass flow rate;
Nerit | is the critical pressure ratio.
The dischargeable mass flow rate Qp, estimateq IS recalculated as follows (sée also Formulae (48) to
v
Eqont F1— ”’1 =0,252
voo[a)(N) -1 +1}
Nerit
Kdr,th =Kdr,g “Eseat +(1_gseat )'Kdr,l Ky =0,513
= 2 PO a Ky o = 45055
Qm,es imated — “crit ° ’ % th "fdr,2ph =7
where
Egeat is the void fractiomatthe safety valve seat;
Kar 2bh is the discharge coefficient of the safety device for two-phase flow;
Qm esfimated 1S the disChargeable mass flow rate, in kg/s;
Ay, is thedrarrowest flow cross-section in the safety device, i.e. the valve seat diamete
minimum net flow area (MNFA) of a bursting disc;
K, is the viscosity correction factor.
C3.2 C

(50)):

(50)

(49)

(C.4)

F A, or the

The pressure drop after the inlet nozzle (location 0 to location 1 in Figure C.1) can be calculated by applying
the HNE-CSE model with a resistance coefficient ) ,;,1e inlet = 0,5 (sharp edged inlet flow).
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The ratio between the static pressure at location 1 and the inlet pressure at sizing conditions (1 =p; / pg)

is calculated starting at ; = 1 and reducing this value until one of the following clauses is verified (see 6.5.4
for the generic form of the formulae):

(Qm,estimated /Al)
2 - pg
Vo

a) the dimensionless mass flow rate C(n;)= , where A is the cross-sectional area at
location 1, or

b) amaximum of the dimensionless mass flow rate is reached at the critical pressure ratio. In this case, the
estimated mass flow rate is reduced, and the above-described procedure is repeated.

The folloying assumptions/boundary conditions apply:

AO =g

Cv,ref = Cnozzle,inlet =0,5

()
1
O
()

)

4 is the cross-sectional area at location 0, in m?;
v ref is the resistance coefficient at the nozzleinlet;
0 is the angle of the inlet line to the herizontal;
L is the length of the nozzle, in m(

The appli¢ation of the HNE-CSE model between location 0 and 1 yields:

n, = 0{991
p1=9[909
where

m is the pressure ratio at location 1;

P is the static pressure at location 1, in bar.

C.3.3 Calculation of the downstream stagnation conditions

By means of an isenthalpic flash, the static mass flow quality can be deduced from the previously calculated
p1 and from the stagnation enthalpy h; :

h, =762 716

ht _epot,l _ekin,l _ediss,l _hl,l (C.S)

X, = h 1 —h
g, 1 ",1
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ediss,l = é’nozzlc,inlct ) ekin,l

. 2 .
_Xp Qm,estimated . 1_X0 Qm,estimated
€in1 = |, X0 Vg1 | Tt
2 A 2 Ay

€pot1 =L - g - sinf

2

where

hy is the stagnation enthalpy at sizing conditions, in J/kg;

(C.6)

€.7)

(C.8)

X1 is the static mass flow quality at location 1;

vi1 | is the specific volume of the liquid phase at location 1, in m3/kg;
Vg1 | is the specific volume of the vapour phase at location 1, in m3/kg;
hy 1 | is the static enthalpy of the vapour phase at location 1, in J/kg;
h 1 | is the static enthalpy of the liquid phase at location 1, in ]/kg;
ein 1| is the kinetic energy at location 1, in J/kg;

€giss, 1 is the dissipation energy at location 1, in J/kg;

epot,1| is the potential energy atlocation 1, in ]/kg;

Applying Formulae (C.5) to (C.8), the static mass flow quality at location 1 yields:
%1 =(,000 96

where X, [is the static mass flow quality at location 1;

The staghation flow conditions are required at the inlet of the next segment. As a first esti

stagnatioph mass flow quality can be approximated by means of an isenthalpic flash.

he —epor 1 —hic 1

% =
t1
hg e 1 —hiea

2
Qm,estimated] ) V1

Pt,1 FPo _Cnozzle,inlet ) [
4

where

X¢1 | ISthe stagnation mass flow quality at location 1;

Imate, the

(C9)

(€.10)

p.1 isthe stagnation pressure at location 1, in Pa;
hy ¢ 1 isthe stagnation enthalpy of the vapour phase at location 1, in J/kg;
h 1 isthe stagnation enthalpy of the liquid phase at location 1, in J/kg;

1£1 is the specific volume of the two-phase fluid at location 1, in m3/kg;

Applying Formulae (C.9) and (C.10), the stagnation pressure at location 1 yields:
Pe1=9,965
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X¢1=0,000 43
where
pe1 s the stagnation pressure at location 1, in bar;

X1

is the stagnation mass flow quality at location 1, in bar.

An alternative calculation method for the downstream stagnation conditions is described under 6.5.5. It
comprises a procedure on which the outlet pressure ratio 1, is used to determine the fictitious stagnation

condition

C.3.4 Clllculation of the pressure drop between location 1 and 2

s atlocation 1 by means of an isenthalpic flash.

The pipe |loss coefficient may be determined by Formula (C.11), where {; represents theladditfonal loss
coefficienfts, e.g. for bends, if existing in the considered section. In the following the pressure drop through
the pipe i$ calculated using a one-step calculation method. In order to receive more accurate resulfs for two-
phase flaghing flow the pipe should be discretized and solved numerically.
The pipe |s considered long enough for the thermal equilibrium to be reached;so that boiling delay can be
neglected|in this case. Alternatively, to obtain more accurate results, the non-equilibrium exponent a should
be adjust¢d to match experimental results.
4 -f-L
gpipe — / +2.; (€.11)
where
Cpipe| is the pipe loss coefficient;
f is the fanning friction factor;
L is the length of the considered pipe.élement;
d is the diameter of the considered pipe element;
i are the additional loss coefficients, e.g. for bends, if existing in the considered section.
The frictipnal pressure loss of the“pipe should be determined by an appropriate two-phase prespure drop
model. In|the literature are several models available, typically given as a two-phase multiplier(3¢}. Slip and
flow patt¢rn dependencies-should be covered by this multiplier. To fit into the HNE-CSE methodolqgy, any of
the two-phase multipliéx ¢an be rearranged into a dimensionless frictional pressure drop Ff*ric , Which is a
function pf the twazphase multiplier Ry}, . According to the Continuity law this relationshjp can be
representled as folowing:
Ap,
A Y (p 23
C L= 2Py — Fo __ mcUZph )
pipe 2 2 2
Qm,D “Vref c?. Ajut v c?. Ajut v
5 5 Vref 2 Yref
2 Aref Aref Aref
* L v
. =R, .2.c2.2.,.2L
fric 2ph D 1 vy
* 1
Vief :a)(N)ref —-1 |+1
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