INTERNATIONAL ISO
STANDARD 4126-7

Second edition
2013-07-15

Safety devices for protection against
excessive pressure —

Part 7:
Common data

Dispositifs de sécurité pour protection contre les pressions excessives —

Partie 7: Données communes

-_— Reference number
= N— 1SO 4126-7:2013(E)

©1S0 2013



ISO 4126-7:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, 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

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved



IS0 4126-7:2013(E)

Contents Page
FOT@WOTM ... oottt iv
1 SCOPI ...t 1
2 L0 @ 0 T T AT <Y =) W) 4 L X 1
3 S IR N0 (o 0 <Y 000 ) 4 00000 1
4 SYMBOLIS ANA UIIES ..ot 3
5 Determination of safety valve performance.........

5.1 Determination of coefficient of discharge

5.2 Critical and subcritical flow ...,

5.3 Discharge capacity at CritiCal flOW ...

5.4 Discharge capacity for any gas at subcritical flow
5.5 Discharge capacity for non-flashing liquid as the test medium in the turbulent zone where
the Reynolds number Re is equal to or greater than 80 000

6 SIZING OF SALEETY VAIVES ...
6.1 General.......ccove.
6.2 Valves for gas or vapour relief ...
6.3 CalCUlation Of CAPACTEY ...
7 ThermodynamiC PIrOPETTIES ...
7.1 Steam data........cc,
7.2 Value of Cas a function of k
7.3 Theoretical capacity correction factors for sub-critical flow (Kp)
7.4 Estimating chart for compressibility factor, Z..........cc
7.5 Capacity correction factor for ViSCOSILY, Ky ..o
7.6 PrOPEITIES Of GASES ...t
8 Minimum requirements for helical compression SPrings............. . 23
8.1 GENETAL ...
8.2 Materials............
8.3 Marking................
8.4 Dimensions................
8.5 Spring plates/buttons............nn
8.6  Inspection, testing and tolerances
9 Minimum requirements for safety valve diSC SPrings ... 27
9.1 LT3 1<) - SO S
9.2 Materials
9.3 Marking................
9.4 DIIMIEIISTONLS ... 27
9.5 Inspection, testing and TOIEIANCES ...t 27
Annex A (informative) Examples of capacity calculations for various media ... 28
Bibliography

© 1S0 2013 - All rights reserved iii



ISO 4126-7:2013(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 4126-7 was prepared by Technical Committee ISO/TC 185, Safety devices for protection against
excessive pressure.

This second edition cancels and replaces the first edition (ISO 4126-7:2004), which has been technically
revised. It also incorporates the Technical Corrigendum ISO 4126-7:2004/Cor.1:2006.

ISO 4126 consists of the following parts, under the general title Safety devices for protection against
excessive pressure:

— Part 1: Safety valves

— Part 2: Bursting disc safety devices

— Part 3: Safety valves and bursting disc safety devices in combination

— Part 4: Pilot-operated safety valves

— Part 5: Controlled safety pressure relief systems (CSPRS)

— Part 6: Application, selection and installation of bursting disc safety devices

— Part 7: Common data

— Part 9: Application and installation of safety devices excluding stand-alone bursting disc safety devices
— Part 10: Sizing of safety valves for gas/liquid two-phase flow

— Part 11: Performance testing?

1) Under preparation.

iv © ISO 2013 - All rights reserved



INTERNATIONAL STANDARD ISO 4126-7:2013(E)

Safety devices for protection against excessive pressure —

Part 7:
Common data

1 Scope

This part of ISO 4126 specifies requirements for safety valves. It contains information which is common
to ISO 4126-1 to ISO 4126-6 to avoid unnecessary repetition.

For flashing liquids or two-phase mixtures, see ISO 4126-10.

The user is cautioned that it is not recommended to use the ideal gas formula presented in 6.3 when the
relieving temperature is greater than 90 % of the thermodynamic critical temperature and the relieving
pressure is greater than 50 % of the thermodynamic critical pressure. Additionally, condensation is not
considered. If condensation occurs, the method presented in 6.3 should not be used.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 4126-1, Safety devices for protection against excessive pressure — Part 1: Safety valves
ISO 4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc safety devices
ISO 4126-4, Safety devices for protection against excessive pressure — Part 4: Pilot operated safety valves

ISO 4126-5, Safety devices for protection against excessive pressure — Part 5: Controlled safety pressure
relief systems (CSPRS)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4126-1, ISO 4126-2,1SO 4126-4
[SO 4126-5 and the following apply.

NOTE Pressure unit used in ISO 4126-7 is the bar (1 bar = 105 Pa), quoted as gauge (relative to atmospheric
pressure) or absolute as appropriate.

3.1

safety valve

valve which automatically, without the assistance of any energy other than that of the fluid concerned,
discharges a quantity of the fluid so as to prevent a predetermined safe pressure being exceeded, and
which is designed to re-close and prevent further flow of fluid after normal pressure conditions of
service have been restored

Note 1 to entry: The valve can be characterized either by pop action (rapid opening) or by opening in proportion

(not necessarily linear) to the increase in pressure over the set pressure. The use of the term safety valve in this
part of ISO 4126 applies to other valve types as covered in ISO 4126-1, ISO 4126-4 and ISO 4126-5.

© IS0 2013 - All rights reserved 1
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3.2
set pressure
predetermined pressure at which a safety valve under operating conditions commences to open

Note 1 to entry: It is the gauge pressure measured at the valve inlet at which the pressure forces tending to open
the valve for the specific service conditions are in equilibrium with the forces retaining the valve disc on its seat.

3.3
maximum allowable pressure, PS
maximum pressure for which the protected equipment is designed

34
overpressure
pressure increase over set pressure, usually expressed as a percentage of the set pressure

3.5

relieving pressure

pressure used for the sizing of a safety valve which is greater than or equal to the set pressure plus
overpressure

3.6
back pressure
pressure that exists at the outlet of a safety valve as a result of the pressure in the discharge system

Note 1 to entry: The back pressure is the sum of the superimposed and built-up back pressures.

3.7
built-up back pressure
pressure existing at the outlet of a safety valve caused by flow through the valve and the discharge system

3.8
superimposed back pressure
pressure existing at the outlet of a safety valve at the time when the device is required to operate

Note 1 to entry: It is the result of pressure in the discharge system from other sources.

3.9

flow area

minimum cross-sectional flow area (but not the smallest area between the disc and seat) between inlet
and seat which is used to calculate the theoretical flow capacity, with no deduction for any obstruction

Note 1 to entry: The symbol is A.

3.10

theoretical discharge capacity

calculated capacity expressed in mass or volumetric units of a theoretically perfect nozzle having a
cross-sectional flow area equal to the flow area of a safety valve

3.11
coefficient of discharge
value ofactual discharge capacity (fromtests) divided by the theoretical discharge capacity (from calculation)

3.12
certified (discharge) capacity
that portion of the measured capacity permitted to be used as a basis for the application of a safety valve

Note 1to entry: It may, for example, equal the a)measured capacity times the de-rating factor of 0,9, or b)theoretical

capacity times the coefficient of discharge times the de-rating factor of 0,9, or c)theoretical capacity times the
certified de-rated coefficient of discharge.

2 © IS0 2013 - All rights reserved
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3.13

dryness fraction

steam quality

measure of the relative vapour/liquid content of a steam quantity or stream. Expressed as the mass
fraction or percentage of vapour

4 Symbols and units

Table 1 — Symbols and their descriptions

Symbol Description Unit
A Flow area of a safety valve (not smallest area between the disc and seat) mm?2
C Function of the isentropic exponent, k -
Ky Theoretical capacity correction factor for subcritical flow -
Kq Coefficient of discharge 2 -
Kar Certified de-rated coefficient of discharge (Ky x 0,9) 2 -
Ky Viscosity correction factor -
k Isentropic exponent at relieving pressure and temperature -
Molar mass kg/kmol
n Number of tests -
Do Relieving pressure - absolute bar (abs)
Pb Back pressure - absolute bar (abs)
Pc Thermodynamic critical pressure - absolute bar (abs)
pr Reduced pressure -
PS Maximum allowable pressure bar (abs)
Qn Mass flow rate kg/h
qm Theoretical specific discharge capacity kg/(h-mm?2)
q'm Specific discharge capacity determined by tests kg/(h-mm?2)
R Universal gas constant J/K-mol
Re Reynolds number -
To Relieving temperature K
Tc Thermodynamic critical temperature K
Tr Reduced temperature -
Ho Dynamic viscosity Pa-s
Vo Specific volume at relieving pressure and temperature m3/kg
X0 Dryness fraction of wet steam at the valve inlet at relieving pressure and -
temperature b
ks Steam pressure coefficient h-mm?2 bar (abs)/
kg
Z Compressibility factor at relieving pressure and temperature -

a  Kqand Kqr are expressed as 0,xxx.

b xgis expressed as 0,xx.

© IS0 2013 - All rights reserved 3
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5 Determination of safety valve performance

5.1 Determination of coefficient of discharge

The coefficient of discharge, Ky, is calculated from the following:

qu

q
Kg=—t= M

Kq shall be calculated up to three significant decimal places. Any rounding shall be down.

5.2 Critical and subcritical flow

The theoretical flow of a gas or vapour through an orifice, such as the flow area of a safety valve, increases
as the downstream pressure is decreased to the critical pressure, until critical flow is achieved. Further
decrease in downstream pressure will not result in any further increase in flow.

Critical flow occurs when

P_b<( 2 ](k/(k—l))

p, (k+1

(2)

and subcritical flow occurs when

(k/(k=1))
e

P, \k+1
5.3 Discharge capacity at critical flow

5.3.1 Discharge capacity for steam

q,,=0,2883¢ |Po 4)

Yo

Formula (4) allows the use of steam tables to obtain the specific volume of steam at various pressures
and temperatures. The user is cautioned that the direct use of this equation can lead to an error of more
than 20 % as the temperature approaches the saturated or supercritical condition. An error of less than
1 % can only be achieved at a steam temperature at least higher than 30 °C above saturation condition or
higher than the result of 30+(po-200), in °C, using p, in bar above saturation or supercritical condition.
A method including lower temperatures is described hereafter.

Alternatively, the above equation can be rearranged as follows:

Po
= — 5
dm K, ()

where kg is the steam pressure coefficient.

PoVo

k. =Y"0 0 6
$0,2883C ©)

4 © IS0 2013 - All rights reserved
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vors1 0,2683- IR 83183 ™

Values for the steam pressure coefficient, ks, can be obtained in Table 2. See 6.3.1 for background on the
development of Table 2.

This is applicable to dry saturated and superheated steam. Dry saturated steam in this context refers to
steam with a minimum dryness fraction of 98 % where C is a function of the isentropic exponent at the
relieving conditions.

+1 ®)

, Yk+1)/(k=1)
C =3,948 k[k—]

NOTE2 3,948 = 3600 ©)]

J10° xR

The value of k used to determine C shall be based on the actual flowing conditions at the pressure relief
device inlet and shall be determined from Table 3.

5.3.2 Discharge capacity for any gas under critical flow conditions

q =pC /% 10,2883 C /5— (10)

See Figure 1 for values of Z.

2 (k+1)/(k-1)
C = 3,948, k| —— (11)
k+1

See Table 3 for rounded values for C.

5.4 Discharge capacity for any gas at subcritical flow

/ M /P
=p CK |— =0,2883CK, |—=~ 12
qm po b ZTO b VO ( )

K = o (13)
i)

See Table 4 for K}, values.

5.5 Discharge capacity for non-flashing liquid as the test medium in the turbulent zone
where the Reynolds number Re is equal to or greater than 80 000

q, = 1,61 (MJ (14_)

1%

o

© IS0 2013 - All rights reserved 5
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NOTE
360042

1,61 =
10410°

(15)

6 Sizing of safety valves

6.1 General

The certified de-rated coefficient of discharge Kqr of the safety valve shall be not greater than 90 % of
the coefficient of discharge K4 determined by test:

K, <09K, (16)

It is not permitted to calculate the capacity with a lower overpressure than that at which the tests to
determine flow characteristics were carried out although it is permissible to calculate the capacity at a
higher relieving pressure.

Valves having a certified de-rated coefficient of discharge established on critical flow at the test back
pressure may not have the same certified de-rated coefficient of discharge at a higher back pressure; see
IS0 4126-1,1S0 4126-3,1S0 4126-4 or ISO 4126-5, as applicable, for requirements for the certification of
the coefficient of discharge of various valve types.

6.2 Valves for gas or vapour relief

No distinction is made between substances commonly referred to as vapours: the term “gas” is used to
describe both gas and vapour.

To calculate the capacity for any gas, the area and the coefficient of discharge shall be assumed to be
constant and the equations given in Clause 5 shall be used.

6.3 Calculation of capacity

The ideal gas formula presented in 6.3 should not be used when the relieving temperature is greater
than 90 % of the thermodynamic critical temperature and the relieving pressure is greater than 50 %
of the thermodynamic critical pressure. Additionally, condensation is not considered. If condensation
occurs, the method presented in 6.3 should not be used.

NOTE1 The equation to be applied depends on the fluid to be discharged.

NOTE 2  See Annex A for example calculations.

6.3.1 Capacity calculation for (saturated, superheated or supercritical) steam at critical flow

. p,
Q, =0,2883 CAK,, [ (17)

[¢]

Formula (17) allows the use of steam tables to obtain the specific volume of steam at various pressures
and temperatures. The user is cautioned that the direct use of this equation can lead to an error of more
than 20 % as the temperature approaches the saturated or supercritical condition. An error of less than
1 % can only be achieved at a steam temperature at least higher than 30°C above saturation condition or
higher than the result of 30+(po-200), in °C, using pg in bar above saturation or supercritical condition.
A method including lower temperatures is described hereafter.

6 © IS0 2013 - All rights reserved
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Alternatively, the above equation can be rearranged as follows:

:AKdr Po

Cm i (18)

S
where kg is the steam pressure coefficient,

k. =NPoVo (19)

S 0,2883C

Values for the steam pressure coefficient, ks, can be obtained in Table 2. The values of Table 2 were
established by iterative calculations on nozzle flow using the following procedure:

a) Isentropicexpansionfromanozzleinletpressuretoseveralassumed throatpressures was calculated.

b) The mass flow rate per unit throat area (the ratio of the nozzle throat velocity to the coincident
specific volume) was calculated for each assumed throat pressure.

¢) The actual thermodynamic properties of steam according to IAPWS-IF97[1] were used for each
assumed throat pressure.

d) The iterative calculation procedure stops when the maximum of mass flow is detected, this value
was used for establishing the value of ks.

6.3.2 Capacity calculations for wet steam

The following equation is applicable only to homogenous wet steam of dryness fraction of 90 % and over.

0,2883CAK, [P

1%
_ 0 (20)

L o

Alternatively, the above equation can be rearranged as follows:

Q' — AKgr Dy
m
kS V XO
where kg is the steam pressure coefficient,

k. =YPoVo_ (22)

S 0,2883C

(21)

Values for the steam pressure coefficient, ks, can be obtained in Table 2. The values of Table 2 were
established by iterative calculations on nozzle flow using the following procedure:

a) Isentropicexpansionfromanozzleinletpressuretoseveral assumed throatpressureswas calculated.

b) The mass flow rate per unit throat area (the ratio of the nozzle throat velocity to the coincident
specific volume) was calculated for each assumed throat pressure.

¢) The actual thermodynamic properties of steam according to IAPWS-IF97[1] were used for each
assumed throat pressure.

d) The iterative calculation procedure stops when the maximum of mass flow is detected, this value
was used for establishing the value of ks.

© IS0 2013 - All rights reserved 7
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6.3.3 Capacity calculations for gaseous media

6.3.3.1 Capacity calculations for gaseous media at critical flow

. / M /p
=p CAK, |— =0,2883CAK,  |—=
Qm po dr ZTO dr Vo

Q. __ o,

M p
CK | — /70
D, d‘”\/ZTO 0,2883CK v

6.3.3.2 Capacity calculations for gaseous media at subcritical flow

. M p0
Q. =p, CAK, K, /ﬁ =0,2883CAK_K, |-

A=

%

(o]

NOTE To determine K} see equation in 5.4 and Table 4.

See Figure 1 for values of Z.

6.3.4 Capacity calculations for liquids

: /PO—P
Qm :1’61KdrKvA V—b

See Figure 2 for values of Kj.

7 Thermodynamic properties

7.1 Steam data

The steam pressure coefficient data are given in Table 2.

7.2 Value of C as a function of k

(23)

(24)

(25)

(26)

The values of factor C as a function of the isentropic exponent are given in Table 3.

7.3 Theoretical capacity correction factors for sub-critical flow (Kp)

The theoretical capacity correction factors for sub-critical flow (Kp) are given in Table 4.

© ISO 2013 - All rights reserved
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7.4 Estimating chart for compressibility factor, Z
The estimating chart which shows the compressibility factor Z depending on the reduced pressure is
given in Figure 1.

The reduced pressure and reduced temperature can be calculated using Formula (27) and Formula (28)
respectively.

Pc
T
Tr :T_O (28)
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Tr Reduced temperature
Z  Compressibility factor

Figure 1 — Estimating chart for compressibility factor, Z
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7.5 Capacity correction factor for viscosity, Ky
7.5.1 The capacity correction factor for viscosity, Ky is shown in Figure 2.

7.5.2 The following equation can also be used to determine K. It is an approximate curve fit for the
graph in Figure 2 and users should check the results for agreement with the curve. The equation should
not be used to extrapolate data beyond the curve axes’ limits.

(29)

-1,0
K, =(0,9935+ 2,878 342,75 ]

Re%®  Rel?®

7.5.3 Formula (30) can be used to calculate Reynolds Number.

R[Q_m] JZ (30)
3,6u, \NmA
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Figure 2 — Capacity correction factor for viscosity, Ky

7.6 Properties of gases

The properties of gases are given in Table 5.
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Table 5 — Properties of gases

Molecular Isentropic Critical pres- Critical tem- Critical
Gas Symbol mass, M exponent, k sure, pc perature, T, pr:astsil(l)re
kg /kmol at1,013 bag Pressure bar
(abs) and 15°C (abs) K

Acetylene C2H2 26,02 1,26 62,82 309,15 0,553
Air - 28,96 1,40 37,69 132,45 0,528
Ammonia NH3 17,03 1,31 112,98 405,55 0,544
Argon A (or Ar) 3991 1,66 48,64 151,15 0,488
n-Butane C4H1p 58,08 1,11 36,48 426,15 0,583
Carbon dioxide COz 44,00 1,30 73,97 304,25 0,546
Carbon monoxide co 28,00 1,40 35,46 134,15 0,528
Chlorine Cly 70,91 1,35 77,11 417,15 0,537
Chlorodifluromethane CHCIF, 86,47 1,18 49,14 370,15 0,568
(R-22)

Ethane C2Heg 30,05 1,22 49,45 305,25 0,561
Ethylene CaHy 28,03 1,25 51,57 282,85 0,555
Hydrogen H» 2,015 1,41 12,97 33,25 0,527
Hydrogen chloride HCI 36,46 1,41 82,68 324,55 0,527
Hydrogen sulphide H2S 34,08 1,32 90,08 373,55 0,542
Isobutane CH(CH3)3 58,08 1,11 37,49 407,15 0,583
Methane CHa 16,03 1,31 46,41 190,65 0,544
Methyl chloride CH3Cl 50,48 1,28 66,47 416,25 0,549
Nitrogen N2 28,02 1,40 33,94 126,05 0,528
Nitrous oxide N20 44,02 1,30 72,65 309,65 0,546
Oxygen 07 32,00 1,40 50,36 154,35 0,528
Propane C3Hg 44,06 1,13 43,57 368,75 0,578
Propylene C3Heg 42,05 1,15 46,60 365,45 0,574
Suphur dioxide SO; 64,07 1,29 78,73 430,35 0,548

8 Minimum requirements for helical compression springs

8.1 General

The spring manufacturer shall, if requested, supply a certificate stating that the springs have been made
from the prescribed material, and have been tested in accordance with 1SO 4126-7.

The allowable stresses shall be based on previous satisfactory experience and the current understanding
of the behaviour of spring materials taking into consideration the temperature of the spring, the
environment and the amount of relaxation, which is permissible in service.

8.2 Materials

Safety valve spring materials shall be suitable for the intended service conditions.

8.3 Marking

Springs shall be marked by suitable means to ensure positive identification. When the identification
method is metal stamping or etching, it shall be confined to the inactive coils.
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In the case of stock springs, when the above is not practicable, identification shall be by a tag or other
suitable method.

8.4 Dimensions

Subclause 8.4 provides dimensional requirements for helical springs. Deviations to these requirements
are permitted if the springs design can be proven fit for service.

8.4.1 Proportion

The proportion of the unloaded length to the mean diameter of the spring shall not exceed five to one.

8.4.2 Springindex

The spring index, i.e. the mean diameter of the coil divided by the diameter of the section, shall be within
the range 3 to 12.

8.4.3 Coil spacing

The pitch of the coils shall be regular. The spring compression shall be no greater than 80 % of the
nominal (calculated) deflection from the free length to the solid length.

8.4.4 End coils

Springs with nominally parallel ends shall have both ends of each spring closed against the adjacent full
coils, and ground.

The ends of the springs shall presenta flat bearing surface of between 270°and 300° of the circumference
at right angles to the axis [see Figure 3 e)], so that when placed on end on a horizontal plane the springs
shall be within the limits shown in Figures 3 a) and 3 c).

Smooth consistent tapers to smooth edges shall be provided with a coil tip thickness approximately
equal to one quarter of the section (bar/wire) diameter.

The end coils shall not encroach upon the specified inside and outside diameters [see Figure 3 €)].

Springs with other than nominally parallel ends are allowed if the criteria for springs with nominally
parallel ends are met when the spring plate(s)/button(s) is (are) fitted [see Figures 3 b) and 3 d)].

8.5 Spring plates/buttons

The spring plates/buttons shall have a location, which allows the spring to rotate freely.
8.6 Inspection, testing and tolerances

8.6.1 Permanent set

All springs shall be tested for permanent set. The permanent set of the spring is defined as the change in
the spring’s free length as a result of a series of compression cycles to solid in accordance with the safety
valve manufacturer’s specification or other appropriate standard. The spring shall be compressed to
solid at least three times before determining the initial free length. The spring shall then be compressed
to solid at least three more times before measuring the final free length. The permanent set shall not
exceed 0,5 % of the initial free length.
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8.6.2 Dimensional checks
Each spring shall be subjected to the following minimum checks:

a) load/length at the maximum compression at which the spring will be used, or the spring rate over a
given range below 80 % of the calculated total deflection, in the linear range;

b) dimensional check of coil diameter and free length;

c) dimensional check for end squareness; by standing the spring on a surface plate against a square
and measuring the maximum deviation between the top end coil and the square;

With springs having nominally parallel ends this shall be repeated with the spring reversed end for end
[see Figures 3 a) and 3 b)].

d) dimensional check for end parallelism, where appropriate; by standing the spring on a surface plate
and measuring the difference between the levels of the lowest and highest points of the surface of
the upper end.

These measurements shall be repeated with the spring reversed end for end where applicable [see
Figures 3 a) and 3 b)].
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The constants ‘e’ and ‘f’ in Figure 3 are to be determined by the valve manufacturer.

1 1

D

)

Key
1 =exfreelength
2 =fxmean diameter of spring

NOTE1  When the end coil of the spring toes out from the spring outside diameter or into the inside diameter,
the toe in or out portion shall be ground to match the spring outside diameter or inside diameter as applicable.

NOTE 2  The flat bearing surface at the end of the spring shall be between 300° and 270° of the circumference.

Figure 3 — Illustration of an end coil
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8.6.3 Tolerances

The tolerances shall be determined by the valve and spring manufacturers.

9 Minimum requirements for safety valve disc springs

9.1 General

The spring manufacturer shall, if requested, supply a certificate stating that the disc springs have been
made from the prescribed material, and have been tested in accordance with ISO 4126-7.

The allowable stresses shall be based on previous satisfactory experience and the current understanding
of the behaviour of spring materials taking into consideration the temperature of the spring, the
environment and the amount of relaxation, which is permissible in service.

Disc spring stacks, as well as discs, shall be well guided.

9.2 Materials

Safety valve disc spring material shall be suitable for the intended service conditions.

9.3 Marking

Springs shall be marked by suitable means to ensure positive identification. When the identification
method is metal stamping or etching, it shall be confined to the lowest stress areas.

Duringassembly, maintenance and repair of a valve, unless instructions specifically indicate otherwise, each
disc spring in the stack shall be marked in such a way that their exact relative positions can be maintained.

9.4 Dimensions

9.4.1 Disc spring compression

The disc spring compression shall not be greater than 80 % of the nominal (calculated) deflection from
the free height to the flat position.

9.4.2 End squareness and parallelism

The ends of the disc spring stack shall be square and parallel within the limits agreed between the
spring maker and the valve manufacturer.

9.5 Inspection, testing and tolerances

9.5.1 Permanent set

All springs shall be tested for permanent set. Each individual disc spring shall be pre-set by compressing
it to the flat position. The complete spring stack shall then be compressed at least three times so that
each disc reaches the flat position before determining the initial free length. The spring stack shall then
be compressed three more times to the same position to determine the final free length. The permanent
set shall not exceed 0,5 % of the initial free length.

9,5.2 Load-deflection measurement

Afterpre-settingand permanentsetmeasurementofeach discspringstack, theload-deflection characteristics
shall be measured and certified by the spring maker to verify that the agreed tolerances are met.
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Annex A
(informative)

Examples of capacity calculations for various media

NOTE For symbols and units refer to Clause 4.

A.1 Capacity calculations for gaseous media at critical flow (see 6.3.3.1)

EXAMPLE1  Calculate the flowareaofasafety valve to be used on a vessel holding nitrogen gas with a maximum

allowable pressure, PS of 55 bar gauge (5,5 MPa).

Safety valve certified de-rated coefficient of discharge [Kg]at10%  =0,87

overpressure

Molar mass of the gas [M] =28,02

Isentropic exponent of the gas [k] =1,40

Gas relieving temperature =20°C

Required gas flow capacity =18 000 kg/h

Set pressure =55 barg (5,5 MPa)

Back pressure atmospheric

T, =20+ 273 = 293K

Po =[ 55x1,1 |[+1=61,5 bar (abs)

p 2 (k/(k=1))
Since —2 < the flow is critical.
p, k+1

Qm

/ M
CK, |—
Po“ar ZT,

C =3,948 |1, 4X(L)“v4ﬂ>/<lv4f1> =27
1,4+1

The required area, A =

Values for factor C can also be obtained from Table 3.

Compressibility factor, Z, may be estimated from published data.
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The calculation involved is as follows:

o]

Reduced pressure, P = P
b
where:

pc  is the critical pressure = 33,94 bar (abs.) = 3,394 MPa abs (from a thermodynamics handbook).

T
Reduced temperature, T, = T—o
C
where:

Tc  is the critical temperature = 126,05 K (from a thermodynamics handbook)
pr =615/3394=1,81
Tr =293/126,05=2,32

Z =0975 (from Figure 1)

18 000
A= =397,85 mm?

61,5%x2,7%x0,87 % _ 2802
0,975 x 293

EXAMPLE 2 Where Kjy; is certified at 5 % overpressure and the relieving pressure remains at 110 % of PS as
in example 1.

Calculate the flow area of the valve to be used on a vessel holding nitrogen gas with a maximum allowable
pressure, PS of 55 bar gauge (5,5 MPaj:

Safety valve certified de-rated coefficient of discharge [Kgr] at 5 % overpressure = 0,87

Molar mass of the gas [M] =28,02

Isentropic exponent of the gas [k] =1,40

Gas relieving temperature =20°C

Required gas flow capacity =18 000 kg/h
Safety valve set pressure =55 barg (5,5 MPa)
Back pressure atmospheric

T, =20 + 273 = 293K

Po=[ 55x1,1 |+1=61,5 bar (abs)=6,15 MPa (abs)

p 2 (k/(k-1))
Since — < the flow is critical.
p, k+1
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Q

/ M
CK. |—
po dr ZTO

C =3,948 |1, 4X(L)<L‘*”>/“‘*-” =27
1,4+1

The required area, A =

Values for factor C can also be obtained from Table 3.

Compressibility factor, Z, may be estimated from published data. The calculation involved is as follows:

b,

Reduced pressure, P = —
b
where:

pc is the critical pressure = 33,94 bar (abs.) = 3,394 MPa abs (from a thermodynamics handbook).

T,
Reduced temperature, T, = T—°

(o}
where:

Tc  is the critical temperature = 126,05 K (from a thermodynamics handbook)
pr =615/3394=1,81
Tr =293/126,05=2,32
Z =0975 (from Figure 1)
18000
A= = 437,471 mm?

61,5%2,7x0,87x0,989, | 2502
0,975 x 293

A.2 Capacity calculations for gaseous media at subcritical flow (see 6.3.3.2)

EXAMPLE Using values from the previous example (i.e. critical flow) calculate the required discharge area if
the back pressure is increased from atmospheric to 36,0 bar gauge 3,6 MPa and the certified derated coefficient
of discharge is 0,80 in the new conditions.

2
k+1

Since & > (

(k/(k=1))
j the flow is subcritical.
p,

NOTE p_b:Lzoﬁo
Po (55 x L,1)+1

The required area:
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b ksl
k—1

Kl 2

k+1

(Kp can be either calculated or obtained from Table 4)

A= (18 000 / (61,5%2,7x0,8x0,989),/(28,02 / (0,975 293)) = 437,471 mm>

A.3 Capacity calculations for liquids (see 6.3.4)
EXAMPLE Calculate the valve flow area, necessary to discharge oil given the following conditions.

Safety valve certified derated coefficient of discharge [Kqr] at 10 % overpressure = 0,65.

Required oil flow capacity at 10 % overpressure [Qm] =45000kg/h

Specific volume [v,] =0,001 075 27 m3/kg = 1/density
Dynamic viscosity [ o] =0,5Pa:s

Set pressure =30 bar gauge (3 MPa)

Back pressure = 3 bar gauge (0,3 MPa)

Applicable equation

po_pb
\%

(o]

Q. = 1,61K,K A

Calculate the flow area assuming a non-viscous fluid (i.e. neglecting viscosity). Note that this may be
an iterative procedure. Ky is a function of the flow area so a Ky value must be assumed and a check later
made that the final calculated flow area is large enough.

K,=1

A| dn ||V
1’6I(dr po_pb

p,—p, =[30x(1+10/100)+1]-(3+1) =30 bar,

(3MPa)

45000 0,001 075 27
A= = 257,43 mm”®
1.61x0.65 30

1) Select the next larger orifice A, in this case: A’ = 380 mm?2 and obtain the minimum value of the
viscosity correction factor.

A
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minimum K = 253;’(;}3 =0,68

2) Calculate the Reynolds number (Re) for the given flow capacity and the selected orifice.

Re=| % |4
3,6u |\zA
45000 4

3,6x0,5 |\ 7x380

From Figure 2
K,=0,92>0,68

3) If, as in the example above, minimum Ky, < K, the selected area is sufficient to discharge the given
flow rate. If this is not true, repeat 1) and 2) above.
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