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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting.CPublication
Standard requires approval by at least 75 % of the member bodies casting-a Vote.

P
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Introduction

This International Standard was developed from the 5t edition of API Std 2000 and EN 14015:2005, with the
intent that the 6th edition of API Std 2000 be identical to this International Standard.

This International Standard has been developed from the accumulated knowledge and experience of qualified
engirpprq of the oil_petroleum petrochemical chemical and gpnpml bulk liquid storage induq’rry

Engineering studies of a particular tank can indicate that the appropriate venting capacity-for'the tank is not
the venting capacity estimated in accordance with this International Standard. The many variablgs associated
with fank-venting requirements make it impractical to set forth definite, simple rules that are applicable to all
locations and conditions.

In this International Standard, where practical, US Customary (USC) units are\inCluded in pareptheses or in
sepafate tables, for information.

© 1SO 2008 — All rights reserved \4
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INTERNATIONAL STANDARD

1ISO 28300:2008(E)

Petroleum, petrochemical and natural gas industries — Venting

of

1

This International Standard covers the normal and emergency vapour venting requirements for

liqui

tankg designed as atmospheric storage tanks or low-pressure storage tanks. Disclssed in this
Stanglard are the causes of overpressure and vacuum; determination of venting requiremen
venting; selection, and installation of venting devices; and testing and marking,of relief devices.

This |nternational Standard is intended for tanks containing petroleum and petroleum products b
be applied to tanks containing other liquids; however, it is necessary to_use sound engineering
judgment whenever this International Standard is applied to other liguids.

This [nternational Standard does not apply to external floating-reofitanks.

2

The
refe

document (including any amendments) applies:

atmospheric and low-pressure storage tanks

cope

petroleum or petroleum products storage tanks and aboveground and underground refrige

Normative references

following referenced documents are indispensable for the application of this documen
rgnces, only the edition cited applies. For Undated references, the latest edition of th

hboveground
ated storage
International
s; means of

ut it can also
analysis and

t. For dated
b referenced

fety valves

depressuring

pf hazardous

ISO 4126-4, Safety devices for protection‘against excessive pressure — Part 4: Pilot operated sa
ISO 16852, Flame arresters — Performance requirements, test methods and limits for use

ISO 23251, Petroleum, petrochemical and natural gas industries — Pressure-relieving and
systems

IEC §0079-10, Electrical~apparatus for explosive gas atmospheres — Part 10: Classification
areay

DIN 41197 (all-parts), Above-ground cylindrical flat-bottom tank structures of metallic materials

3 Terms, definitions and abbreviated terms

For the purposes of this document, the following terms, definitions and abbreviated terms apply.
3.1

accumulation
pressure increase over the maximum allowable working pressure or design pressure of the vessel allowed
during discharge through the pressure-relief device

NOTE Accumulation is expressed in units of pressure or as a percentage of MAWP or design press
allowable accumulations are established by pressure-design codes for emergency operating and fire contingencies.

1)

Deutsches Institut fir Normung (DIN), Burggrafenstrasse 6, Berlin, Germany D-10787.

© 1SO 2008 — All rights reserved

ure. Maximum


https://standardsiso.com/api/?name=52d9ec1e53d35382a8948144945bacef

ISO 28300:

3.2

2008(E)

adjusted set pressure

inlet static pr

essure at which a pressure-relief valve is adjusted to open on the test stand

See set pressure (3.19).

NOTE 1
NOTE 2

3.3

British thern

Btu
unit of heat t

3.4

emergency
venting requ
either inside

3.5

non-refriger|
container thg
contents or b
NOTE G

3.6

normal cubic metres per hour

Nm3/h
Sl unit for vo
cubic metres

3.7
normal vent
venting requ

3.8

Adjusted set pressure is equivalent to set pressure for direct-mounted end-of-line installations.

The adjusted test pressure includes corrections for service conditions of superimposed back-pressure.

nal-unit

hat increases the temperature of one pound of water by one degree Fahrenheit

yenting
red when an abnormal condition, such as ruptured internal heating coils or an‘external fire, ¢
pr outside a tank

ated tank
t stores material in a liquid state without the aid of refrigeration;either by evaporation of thg
v a circulating refrigeration system

enerally, the storage temperature is close to, or higher than, ambient temperature.

lumetric flow rate of air or gas at a temperature of 0 °C and pressure of 101,3 kPa, express

per hour

ng
red because of operational requirements or atmospheric changes

overpressu
pressure inc
NOTE 1 (0]

NOTE 2 TH
valve is set at

!

e
ease at the PV valye-inlet above the set pressure, when the PV valve is relieving

erpressure is €xpressed in pressure units or as a percentage of the set pressure.

e value_or'magnitude of the overpressure is equal to the value or magnitude of the accumulation wh
the maximum allowable working pressure or design pressure and the inlet piping losses are zero.

3.9

pXists

tank

ed in

bn the

petroleum
crude oil

3.10
petroleum p
hydrocarbon

3.1
PV valve

roducts
materials or other products derived from crude oil

weight-loaded, pilot-operated, or spring-loaded valve, used to relieve excess pressure and/or vacuum that has

developed in

a tank
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3.12

rated relieving capacity

flow capacity of a relief device expressed in terms of air flow at standard or normal conditions at a designated
pressure or vacuum

NOTE Rated relieving capacity is expressed in SCFH or Nm3/h.

3.13

refrigerated tank

container that stores liquid at a temperature below atmospheric temperature with or without the aid of
refrigeration, either by evaporation of the tank contents or by a circulating refrigeration system

3.14
relie device
devide used to relieve excess pressure and/or vacuum that has developed in a tank

3.15
relieying pressure
presqure at the inlet of a relief device when the fluid is flowing at the required relieving capacity

3.16

required flow capacity
flow through a relief device required to prevent excessive pressure oryvacuum in a tank under thel most severe
operating or emergency conditions

3.17
rolloyer
uncoptrolled mass movement of stored liquid, correcting an unstable state of stratified liquidgs of different
densities and resulting in a significant evolution of preduct vapour

3.18
standlard cubic feet per hour
SCFH
USC|unit for volumetric flow rate of air_or gas (same as free air or free gas) at a temperatufe of 15,6 °C
(60 °F) and an absolute pressure ofy101,3 kPa (14,7 psi), expressed in cubic feet per hour

3.19
set pressure
gaugp pressure at the deviee’inlet at which the relief device is set to start opening under service donditions

3.20
thermal inbreathing
movgment of air, or blanketing gas into a tank when vapours in the tank contract or condense as a result of
weather changes (e.g. a decrease in atmospheric temperature)

3.21
thermaloeut-breathing
movement of vapours out of a tank when vapours in the tank expand and liquid in the tank vapourizes as a
result of weather changes (e.g. an increase in atmospheric temperature)

3.22
wetted area
surface area of a tank exposed to liquid on the interior and heat from a fire on the exterior

© 1SO 2008 — All rights reserved 3
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4 Non-refrigerated aboveground tanks

4.1

General

Clause 4 covers the causes of overpressure or vacuum; determination of venting requirements; means of
venting; selection and installation of venting devices.

4.2 Causes of overpressure or vacuum

4.21

General

When deternl\ining the possible causes of overpressure or vacuum in a tank, consider the following:

a) liquid m
b) tank bre
c) fire expg

d) other cir

There can b
Standard.

bvement into or out of the tank;

hthing due to weather changes (e.g. pressure and temperature changes);
sure;

cumstances resulting from equipment failures and operating errors.

B additional circumstances that should be considered but are hot included in this Interna

4.2.2 Liquid movement into or out of a tank

Liquid can enter or leave a tank by pumping, by gravity flow oritby process pressure.

Vacuum can
a tank and fr
liquid. Flash
pressure in t

result from the outflow of liquid from a tank, Overpressure can result from the inflow of liqui
bm the vapourization, including flashing of\the feed liquid, that occurs because of the inflow
ng of the feed liquid can be significant for feed that is near or above its boiling point 2
ne tank. See 4.3 for calculation methods.

4.2.3 Weather changes

Vacuum car
atmospheric
can result fra

result from the contraction or condensation of vapours that is caused by a decrea
temperature or other.weather changes, such as wind changes, precipitation, etc. Overpre

weather chafges. See 4.3 far calculation methods.

4.2.4 Fire ¢xposure

Overpressur
absorbs heaf

b results from the expansion of the vapours and vapourization of the liquid that occur when &
ftom an external fire. See 4.3.3 for calculation methods.

lional

d into
pf the
t the

5e in
ssure

m the expansionand’vapourization that is caused by an increase in atmospheric temperatyre or

tank

4.2.5 Other circumstances

4251

General

When the possible causes of overpressure or vacuum in a tank are being determined, other circumstances
resulting from equipment failures and operating errors shall be considered and evaluated. Calculation
methods for these other circumstances are not provided in this International Standard.

© 1SO 2008 — All rights reserved
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4.2.5.2 Pressure transfer vapour breakthrough

Liquid transfer from other vessels, tank trucks and tank cars can be aided or accomplished entirely by
pressurization of the supply vessel with a gas, but the receiving tank can encounter a flow surge at the end of
the transfer due to vapour breakthrough. Depending on the pre-existing pressure and free head space in the
receiving tank, the additional gas volume can be sufficient to overpressure the tank. The controlling case is a
transfer that fills the receiving tank so that little head space remains to absorb the pressure surge.

4.2.5.3 Inert pads and purges

Inert pads and purges are provided on tanks to protect the contents of the tanks from contamination, maintain

non-f
vente
regul
resul
loss

overf
resul

4.2.5

Steain, tempered water and hot oil are common heating media for.tanks whose contents it is

main
contr
canr

Heat
heatq
to sp

If a tg

ammable atmospheres In the tanks and reduce the exient of the flammable envelope Of
d from the tanks. An inert pad and purge system normally has a supply regulator and-a'b
btor to maintain interior tank pressure within a narrow operating range. Failure of the supply
in unrestricted gas flow into the tank and subsequent tank overpressure, reduced-gas flow
of the gas flow. Failure closed of the back-pressure regulator can result_ifi\a blocke
ressure. If the back-pressure regulator is connected to a vapour-recovery system, its faily
in vacuum.

4  Abnormal heat transfer

ain at elevated temperatures. Failure of a tank's supply control valve, temperature-sensin
bl system can cause an increase of heat input to the tank. Viapourization of the liquid store
bsult in tank overpressure.

bd tanks that have two liquid phases present the passibility of a rapid vapourization if the lo
d to the point where its density becomes lower than the density of the liquid above it. It is re
pcify design and operating practices to avoid these conditions.

nk maintained at elevated temperatures is:empty, excessive feed vapourization can result \

is fill
the t
Fillin
stopg

For 4
cons

4.2.5

Mech
heati

!

nk's heating medium can be circulating at maximum rate with the tank wall at maximum
under such conditions can result”in excessive feed vapourization. The excessive feed
as soon as the walls have coaoled and the fluid level covers the sensing element.

tank with a cooling jacket or coils, liquid vapourization as a result of the loss of coolant
dered.

5 Internal failure of heat-transfer devices

anical failure~of a tank's internal heating or cooling device can expose the contents of th
ng or cooling medium used in the device. In low-pressure tanks, it can be assumed that the

of the
and
nece

heat:transfer medium is into the tank when the device fails. Chemical compatibility of the
he heat-transfer medium shall be considered. Relief of the heat-transfer medium (e.g. st

the vapours
ack-pressure
fegulator can
or complete
d outlet and
re open can

hecessary to
y element or
d in the tank

wer phase is
commended

hen the tank

d. If the temperature control system ofithe tank is active with the sensing element exposg¢d to vapour,

temperature.
apourization

flow shall be

b tank to the
low direction
ank contents
bam) can be

sary.

4.2.5.

6 Vent treatment systems

If vapour from a tank is collected for treatment or disposal by a vent treatment system, the vent collection
system can fail. This failure shall be evaluated. Failures affecting the safety of a tank can include
back-pressure developed from problems in the piping (liquid-filled pockets and solids build-up), other
equipment venting or relieving into the header or blockage due to equipment failure. An emergency venting
device that relieves to atmosphere, set at a higher pressure than the vent treatment system, may be used if
appropriate.

© 1SO 2008 — All rights reserved
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4.2.5.7 Utility failure

Local and plant-wide power and utility failures shall be considered as possible causes of overpressure or
vacuum. Loss of electrical power directly affects any motorized valves or controllers and can also shut down

the instrument air supply. Also, cooling and heating fluids can be lost during an electrical failure.

42538

Change in temperature of the input stream to a tank

A change in the temperature of the input stream to a tank, brought about by a loss of cooling or an increase in
heat input, can cause overpressure in the tank. A lower-temperature inlet stream can result in vapour
condensation and contraction, which can cause vacuum.

4.2.5.9 CIIuemicaI reactions

The contentg
examples of
generating {
hydroperoxid

Technology

American In
evaluate thes

42510 Li

For informat
overfill by prd

4.2.5.11

A rise or dro

of some tanks can be subject to chemical reactions that generate heat and/or Vapours.
chemical reactions include inadvertently adding water to acid or spent acid-tanks, th
team and/or vapourizing light hydrocarbons; runaway reactions in tanks.‘containing cu
e; etc. In some cases, the material can foam, causing two-phase relief.

bvailable from the Design Institute for Emergency Relief Systems (DIERS) Users Group ¢

btitute of Chemical Engineers (AICHE) or from the DIERS group)in Europe may be us
e cases.

fuid overfill protection

on on liquid overfill protection, see API Std 2510, API RP 2350 and EN 13616. Prevent
viding instrument safeguards and/or effective operator intervention actions.

Atmospheric pressure changes

D in barometric pressure is a possible cause of vacuum or overpressure in a tank. This shou

considered for refrigerated storage tanks (see 5.2.:1:2).

4.2.5.12 Control valve failure

The effect of
pressure or

liquid line tg
resulting in t
liquid level i
high-pressur

!

a control valve failing open or failing closed shall be considered to determine the potent
bacuum due to mass (and/or energy imbalances. For example, failure of a control valve o
a tank shall be eonsidered because such a failure can overload heat-exchange equig
e admission of high-temperature material into the tank. A control-valve failure can also caus

b vapour to enter the tank (see 4.2.5.2).

4.2.5.13 Steam ouit

bome
breby
nene

f the

ed to

iquid

Id be

al for
n the
ment
e the

a pressurized‘\vessel feeding liquid to a tank to drop below the vessel outlet nozzle, allpwing

If an uninsulated tank is filled with steam. the condensing rate due to ambient cooling can exceed the ve

nting

rates specified in this International Standard. Procedures, such as the use of large vents (open manways),
controlling the tank cooling rate or adding a non-condensable gas such as air or nitrogen, are often necessary
to prevent excessive internal vacuum.

4.2.5.14 Uninsulated hot tanks

Uninsulated tanks with exceptionally hot vapour spaces can exceed the thermal inbreathing requirements in
this International Standard during a rainstorm. Vapour contraction can cause excessive vacuum. An
engineered review of heated, uninsulated tanks with vapour-space temperatures above 48,9 °C (120 °F) is
recommended.

© 1SO 2008 — All rights reserved
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4.2.5.15 Internal explosion/deflagration

Tank contents can ignite, producing an internal deflagration with overpressures that develop more rapidly than
some venting devices can handle. For explosion venting, see NFPA 68 and EN 13237. For inerting, see

Annex F.

4.2.5.16 Mixing of products of different composition

Introduction of materials that are more volatile than those normally stored can be possible due to upsets in

upst

4.3

4.3.1

Itis

as id

ream processing or human error. This can result in overpressure.

Determination of venting requirements

General

rlecessary to quantify the venting requirements for any applicable cause of excessive pressu

bntified based on guidance provided in 4.2 to establish the design basis forcthe’sizing of reli

e or vacuum
ef devices or

any gther means of appropriate protection. To assist in this quantification, this/International Standard provides

guidgnce for the detailed calculation related to the following commonly encountéred conditions:

a) mormal inbreathing resulting from a maximum outflow of liquid from the tank (liquid-transfer effects);

b) nmormal inbreathing resulting from contraction or condensation of vapours caused by |a maximum
decrease in vapour-space temperature (thermal effects);

c) normal out-breathing resulting from a maximum inflow<f liquid into the tank and maximum Yyapourization
¢aused by such inflow (liquid-transfer effects);

d) normal out-breathing resulting from expansion\and vapourization that results from a maximum increase in

apour-space temperature (thermal effects);
e) ¢mergency venting resulting from fire .€xposure.

When determining the venting requirements, the largest single contingency requirement or an

y reasonable

and probable combination of centingencies shall be considered as the design basis. At a minimum, the
combination of the liquid-transfer‘effects and thermal effects for normal venting shall be condidered when
determining the total normalinbreathing or out-breathing.

With

inbre
desc

reas

For t
coing

the exception of_refrigerated storage tanks, common practice is to consider only the
hthing for detefmining the venting requirements. That is, inbreathing loads from other ¢
ibed in 4.2 5\are generally not considered coincident with the normal inbreathing. This is
gnable approach because the thermal inbreathing is a severe and short-lived condition.

he total"out-breathing, consider the scenarios described in 4.2.5 and determine whether the
ident*with normal out-breathing flows.

total normal
rcumstances
considered a

s5e should be

4.3.2 Calculation of maximum flow rates for normal out-breathing and normal inbreathing

4.3.2.1

General

The method in 4.3.2.1 is based on engineering calculations. See Annex E for the assumptions on which this
calculated method is based. For a more detailed understanding of this model, see References [21] and [22].

An alternative method of calculating normal out-breathing and normal inbreathing flows is given in Annex A.
This alternative method may be used for tank/services that meet the boundary conditions specified in Annex A.

The

method of calculation utilized shall be documented.

© 1SO 2008 — All rights reserved
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The inbreathing and out-breathing requirements in this International Standard are for air at normal or standard
conditions. The user shall correct the inbreathing and out-breathing requirements to normal or standard
conditions for tanks that are heated (insulated) or pressurized to greater than 6,9 kPa (1 psi).

4.3.2.2 Liquid filling and discharge capacities

4.3.2.21 Out-breathing

The out-breathing shall be determined as follows.

a) The out-

r, for

productd
Equation

Vop

breathing volumetric flow rate, Vnp, expressed in Sl units of cubic metres per hour of a
stored below 40 °C or with a vapour pressure less than 5,0 kPa, shall be as give
(1):

= fo

where Not is the maximum volumetric filling rate, expressed in cubic metres per hour!

The out
productd
Equation

Vop

breathing volumetric flow rate, Vop, expressed in USC units of cubic feet per hour of a
stored below 104 °F or with a vapour pressure less than 0,73 psi, shall be as give

(2):

= 8,027,

where fo is the maximum volumetric filling rate, expressed.in US gallons per minute.

b) For prog

ucts containing more volatile components -or* dissolved gases (e.g. oil spiked with meth

perform [a flash calculation and increase the out-bréathing venting requirements accordingly.

c) For prod
increass

ucts stored above 40 °C (104 °F)~or-with a vapour pressure greater than 5,0 kPa (0,73
the out-breathing by the evaporation rate.

43.2.2.2 Inbreathing

The inbreath

ng venting requirement, Vip, expressed in Sl units of cubic metres per hour of air, shall b

maximum spgcified liquid discharging capacity for the tank as given by Equation (3).

Vip =Vpg

where 7, i

the maximum rate of liquid discharging, expressed in cubic metres per hour.

n by

(1)

r, for
n by

()

ane),

psi),

e the

®)

Calculate the_inbreathing venting requirement. Vgp. expressed in USC units of cubic feet per hour of air, in

accordance with Equation (4):

Vip =8,0

where 7, is

2-Vpe

the maximum rate of liquid discharging, expressed in US gallons per minute.

(4)
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4.3.2.3 Thermal out-breathing and inbreathing

4.3.2.31 General

Consider thermal out-breathing and inbreathing due to atmospheric heating or cooling of the external surfaces
of the tank shell and roof.

4.3.2.3.2 Thermal out-breathing

Calculate the thermal out-breathing (i.e. the maximum thermal flow rate for heating up), VOT, expressed in Si
units of normal cubic metres per hour of air. in accordance with Equation (5):

Vor =Y - V22 R, (5)
wherg
Y is a factor for the latitude (see Table 1);

Vi is the tank volume, expressed in cubic metres;

R

i is the reduction factor for insulation {R; =1 if no insulationds used; R; = R, for partiglly insulated

tanks [see Equation (10)]; R; = R;, for fully insulated tanks)[see Equation (9)]}.

Calcylate the thermal out-breathing (i.e. the maximum thermal flow rate for heating up), VOT, expressed in
USC |units as standard cubic feet per hour of air, in accordance with Equation (6):

Vot =151-Y -V 9% - R; (6)
wherg
Y is afactor for the latitude (see Fable 1);

i« is the tank volume, expressed in cubic feet;

R

i is the reduction factor/for insulation {R; =1 if no insulation is used; R; = R,,, for partially insulated

tanks [see Equation(10)]; R; = Ry, for fully insulated tanks [see Equation (9)]}.

The Y-factor for the latitude in Equations (5) and (6) can be taken from Table 1.

Table 1 — Y-factor for various latitudes

Latitude Y-factor
Below 42° 0,32
Between 42° and 58° 0,25
Above 58° 0,2

4.3.2.3.3 Thermal inbreathing

Calculate the maximum thermal flow rate during cooling down, V1, expressed in Sl units of normal cubic
metres per hour of air, in accordance with Equation (7):

VlT =C- Vtg'7 . Ri (7)

© 1SO 2008 — All rights reserved 9
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where

C is a factor that depends on vapour pressure, average storage temperature and latitude (see Table 2);
Vi is the tank volume, expressed in cubic metres;

R; is the same as for Equation (5).

Calculate the maximum thermal flow rate during cooling down, 7,7, expressed in USC units of standard cubic
feet per hour of air, in accordance with Equation (8):

Vit =3.08-C- 7" R, (8)
where

C is alfactor that depends on vapour pressure, average storage temperature and latitide (see Table 2);
Vi is the tank volume, expressed in cubic feet;

R; s the same as for Equation (5).

Table 2 — C-factors

Latitude C-factor for various'conditions

Vapour{pressure

Hexane or similar Higher than hexane, or unknown
Average storage temperature
°C
<25 > 25 <25 > 25
Below 42° 4 6,5 6,5 6,5
Between 42° and 58° 8 5 5 5
Above 58° 2,5 4 4 4

4.3.24 Reduction factor fortanks with insulation

The thermal fflow rate for Heating up (thermal out-breathing) or cooling down (thermal inbreathing) is requced
by insulation|and depends-upon the properties and thickness of the insulation.

Calculate thg redustien factor, Ry, for a fully insulated tank as given by Equation (9).

1
R =——— 9)
In 1+ h 'lin
/Iin

where
h is the inside heat-transfer coefficient, expressed in watts per square metre-kelvin;

NOTE An inside heat-transfer coefficient of 4 W/(m2K) [0,7 Btu/(h-ft2°F)] is commonly assumed for typical
tanks.

li, is the wall thickness of the insulation, expressed in metres;
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Ain is the thermal conductivity of the insulation, expressed in watts per metre-kelvin.

EXAMPLE For an insulation thickness, Z;,,
0,05 W/(m-K), and a heat-transfer coefficient, #, equal to 4 W/(m2~K), the reduction factor, R

out-breathing of the insulated tank is 0,11 times that of the uninsulated tank.

n’

Calculate the reduction factor, R

for a partially insulated tank as given by Equation (10):

equal to 0,1 m, a thermal conductivity of the insulation, A

equal to

In’

is equal to 0,11. Thus, the

inp’
Rinp :ﬂ-Rin +(1- Ainp J (10)
AtTs Atts
wherg
4175 s the total tank surface area (shell and roof), expressed in square metres (sguare feet);
Ainp is the insulated surface area of the tank, expressed in square metres (square feet).
4.3.3| Requirements for emergency venting capacity for tanks subject‘to fire exposure
4331 General
When storage tanks are exposed to fire, the venting rate.can exceed the rate resulting [from normal
out-breathing.
4.3.3|2 Tanks with weak roof-to-shell attachment
On g fixed-roof tank with a weak (frangible) roof-te=shell attachment, such as that described in|API Std 650,

the r
norm
cons

pof-to-shell connection will fail prior to other'tank welds, allowing relief of the excess pr
al venting capacity proves inadequate. For a tank built to these specifications, it is not
der additional requirements for emergency venting; however, additional emergency vents

bssure if the
hecessary to
may be used

to avoid failure of the frangible joint. Care should be taken to ensure that the current requirgements for a
frangjble roof-to-shell attachment are met, particularly for tanks smaller than 15 m (50 ft) in diameter.
4.3.3|13 Fire relief requirements
4.3.3|13.1 When a tank-is-hot provided with a weak roof-to-shell attachment as described in 4.3.3.2, the
proceadure given in 4.3:3:3:2 through 4.3.3.3.7 shall govern in evaluating the required venting capacity for fire
exposure.
4.3.3|3.2 Calculate the required venting capacity, ¢, expressed in Sl units of normal cubic metres per hour
of air} for tanks'subject to fire exposure as given by Equation (11):
0,5
L o066 0 F [T (1)
L \m)

where

O is the heat input from fire exposure as given by Table 3, expressed in watts;

F is the environmental factor from Table 9 (credit may be taken for only one environmental factor);

L is the latent heat of vapourization of the stored liquid at the relieving pressure and temperature,

expressed in joules per kilogram;

T is the absolute temperature of the relieving vapour, expressed in kelvins;

© IS0 2008 — Al rights reserved 1
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NOTE It is normally assumed that the temperature of the relieving vapour corresponds to the boiling point of the
stored fluid at the relieving pressure.

M is the relative molecular mass of the vapour.

Calculated the required venting capacity, ¢, expressed in USC units of standard cubic feet per hour of air, for

tanks subject to fire exposure as given by Equation (12).

F (1>
q:3’091'QT’(H] (12)
where

0 is| the heat input from fire exposure as given by Table 4, expressed in British thermal“units per
heur;

F is| the environmental factor from Table 9 (credit may be taken for only one environmental factdr);

L is| the latent heat of vapourization of the stored liquid at the relieving pressure and temperature,
expressed in British thermal units per pound

T is| the absolute temperature of the relieving vapour, expressed in-degrees Rankine;

NOTE It is normally assumed that the temperature of the relieving vapour corresponds to the boiling point|of the

stored flujd at the relieving conditions in the tank.

M

s|the relative molecular mass of the vapour.

Table 3 — Heat\input, O
(expressed'in Sl units)

Wetted surface area Design pressure Heat input
Arws o
m?2 kPa (gauge) w
<18,6 < 103,4 63 1504y
>|18,6 and < 93 <103,4 224 200 x (Aqyg*%%)
93 and < 260 < 103,4 630 400 x (Aq523%9)
> 260 >7 and < 103,4 43 200 x (Adnys*®?)
> 260 <7 4129 700
Table 4 — Heat input, O
(expressed in USC units)
Wetted surface area Design pressure Heat input
Arws o
ft2 psig Btu/h
<200 <15 20 0004y
> 200 and < 1 000 <15 199 300 x (Apy55%6)
> 1000 and < 2 800 <15 963 400 x (Aq523%9)
> 2800 >1and <15 21000 x (Adnys®®?)
> 2800 <1 14 090 000

12
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3.3

determined from Table 5 or Table 6.

Table 5 — Venting capacity
(expressed in Sl units)

Where the fluid properties are similar to those of hexane, the required venting capacity can be

Wetted surface area Design pressure Required venting capacity
Aqws 3 .
m2 kPa (gauge) Nm?/h of air
< 260 <1034 See Table 7 and 4.3.3.3.4.
> 260 <7 19 910 (see 43.3.3.4)
> 260 >7 and < 103,4 Use Equadtion (1B) .

The wetted area of a tank or storage vessel shall be calculated as follows.

For spheres and spheroids, the wetted area is equal to 55 % of the total surface area or the surface’area to a h
above grade, whichever is greater.

For horizontal tanks, the wetted area is equal to 75 % of the total surface area or the surfaCe area to a height o
grade, whichever is greater.

For vertical tanks, the wetted area is equal to the total surface area of the vertiCal shell to a height of 9,14 m abo
vertical tank setting on the ground, the area of the ground plates is not included as wetted area. For a vertical
above grade, it is necessary to include a portion of the area of the bottom ‘as additional wetted surface. The portio
area exposed to a fire depends on the diameter and elevation of the.tank above grade. It is necessary to u
judgement in evaluating the portion of the area exposed to fire.

e engineering

pight of 9,14 m

9,14 m above

e grade. For a
ank supported
h of the bottom

b Calculate the venting requirement, ¢, expressed in normal cubicsmetres per hour of air as given in Equation (13), which is based
on the total heat absorbed, Q, expressed in watts, equal to 43 200A-|-W80'82 [see Equation (B.7)]:
q = 208,2 F-Aq,s"82 (13)
where
F is the environmental factar fiom Table 9 (credit may be taken for only one environmental factor);
Atws is the wetted surfade-area, expressed in square metres.
The [otal heat absorbed,”Q, is expressed in watts for Equation (13). Table 7 and the consfant 208,2 in
Equation (13) are deérived from Equation (11) and Figure B.1 by using the latent heat of vapourization of
hexape, equal to 834°900 J/kg at atmospheric pressure, and the relative molecular mass of hexane (86,17)

and assuming,a,vapour temperature of 15,6 °C. This method provide results within an acceptable degree of

accu

acy for.many fluids having similar properties (see Annex B).

©I1SO
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Table 6 — Venting capacity
(expressed in USC units)

Wetted surface area Design pressure Required venting capacity
Arws ® . i
ft2 psig SCFH of air
<2800 <15 See Table 8 and 4.3.3.3.4.
> 2800 <1 742 000 (see 4.3.3.3.4)
> 2800 >1and > 15 Use Equation (14)°.

a The wetted area of a tank or storage vessel shall be calculated as follows.

— For sphefes and spheroids, the wetted area is equal to 55 % of the total surface area or the surface area to asheight of 30 ft
above grade, whichever is greater.

—  For horizpntal tanks, the wetted area is equal to 75 % of the total surface area or the surface area to a height of 30 ft gbove
grade, whichever is greater.

—  For vertigal tanks, the wetted area is equal to the total surface area of the vertical shell to a height of 30 ft above grade. [For a
vertical tank setting on the ground, the area of the ground plates is not included as wetted area~For a vertical tank supgorted
above grade, it is necessary to include a portion of the area of the bottom as additional wetted\surface. The portion of the bpttom
area exppsed to a fire depends on the diameter and elevation of the tank above grade. It is necessary to use engingering
judgement in evaluating the portion of the area exposed to fire.

b Calculatg the venting requirement, ¢, expressed in normal cubic feet per hourof air as given in Equation (14), which is basgd on
the total heat absorbed, O, expressed in British thermal units per hour, equal,to 21 OOOATWSQBZ [see Equation (B.8)]:

q=[1 107 F-4p, 082 (14)
where
F is the environmental factor from Table 9 (créditmay be taken for only one environmental factor);

Andris is the wetted surface area, expressed-insquare feet.

The total hedt absorbed, Q, is expressed-in Btu per hour for Equation (14). Table 8 and the constant 1 107 in
Equation (14) are derived from Equation (12) and Figure B.2 by using the latent heat of vapourizatipn of
hexane, equal to 144 Btu/lb at atmospheric pressure, and the relative molecular mass of hexane (86,17)) and
assuming a |vapour temperaturé~of 60 °F. This method provides results within an acceptable degrge of
accuracy for many fluids having-similar properties (see Annex B).

14 © ISO 2008 — All rights reserved
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Table 7 — Emergency venting required for fire exposure versus wetted surface area

(expressed in Sl units)

Wetted area @ Venting required Wetted area @ Venting required

m2 Nmd/h m2 Nm3/h
2 608 35 8 086
3 913 40 8721
4 1217 45 9322
5 1521 80 9 895
6 1825 60 10 971
7 2130 70 11971
8 2434 80 12 911
9 2738 90 13 801
11 3347 110 14 461
13 3955 180 19 751
15 4 563 150 16 532
17 5172 175 11416
19 5780 200 18 220
22 6217 230 19 102
25 6 684 260 19910
30 7 411 >260b —

b

NOTH
vapol

The wetted area of a tank or storage vessel shall be calculated as follows.

For spheres and spheroids, the wetted area-is(equal to 55 % of the total surface area or the surface area to a h
pbove grade, whichever is greater.

FFor horizontal tanks, the wetted area'is_equal to 75 % of the total surface area or the surface area to a height g
grade, whichever is greater.

For vertical tanks, the wetted area is equal to the total surface area of the vertical shell to a height of 9,14 m abo|
Vertical tank setting on the'ground, the area of the ground plates is not included as wetted area. For a vertical
pbove grade, it is necessary to include a portion of the area of the bottom as additional wetted surface. The portig
prea exposed to a~fire“depends on the diameter and elevation of the tank above grade. It is necessary to U
udgement in evaluating the portion of the area exposed to fire.

For wetted'sutfaces larger than 260 m?, see Table 5

THis table and the constant 208,2 in Equation (13) are derived from Equation (11) and Figure B.1 by using th
rization of hexane, equal to 334 900 J/kg at atmospheric pressure, and the relative molecular mass of hexa

eight of 9,14 m

f 9,14 m above

e grade. For a
tank supported
n of the bottom
se engineering

e latent heat of
he (86,17) and

assun

hind- g vapour-temperature-of 15 6-°C.__This-method provides—resultswithin-an-accentable dearee-of accuracy
T g 7 g g 14 ) 4

having similar properties (see Annex B).

or many fluids

©I1SO
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Table 8 — Emergency venting required for fire exposure versus wetted surface area

(expressed in USC units)

Wetted area @ Venting required Wetted area @ Venting required
ft2 SCFH ft2 SCFH
20 21100 350 288 000
30 31600 400 312 000
40 42100 500 354 000
50 52 700 600 392 000
60 63 200 700 428 000
70 73700 800 462000
80 84 200 900 493 000
90 94 800 1 000 524 000
100 105 000 1200 557 000
120 126 000 1400 587 000
140 147 000 1 600 614 000
160 168 000 1800 639 000
180 190 000 2000 662 000
200 211 000 2400 704 000
250 239 000 2800 742 000
300 265 000 >2800° —

grade, whichever is greater.

grade, wtlichever is greater.

a The wett¢d area of a tank or storage vessel shall be calculated.as follows.

b For wetted surfaces farger than 2 800 ft2, see Table 6.

— For sphefles and spheroids, the wetted area is equal tq:55 % of the total surface area or the surface area to a height of 30 ft pbove
— For horizpntal tanks,, the wetted area is equalito 75 % of the total surface area or the surface area to a height of 30 ft pbove

—  For vertigal tanks, he wetted area is_equal to the total surface area of the vertical shell to a height of 30 ft above grade.|For a
vertical tgnk setting on the grounds-the’area of the ground plates is not included as wetted area. For a vertical tank supported
above grade, it is necessary to,include a portion of the area of the bottom as additional wetted surface. The portion of the Hottom
area exppsed to a fire depends/on the diameter and elevation of the tank above grade. It is necessary to use engingering
judgemertt in evaluating thie/portion of the area exposed to fire.

NOTE Thig table,‘and the constant 1 107 in Equation (14), were derived from Equation (12) and Figure B.1 by using the later}t heat
of vapourizatioh of ‘hexane, equal to 144 Btu/lb at atmospheric pressure, and the relative molecular mass of hexane (86,17) and
assuming a vapouf temperature of 60 °F. This method provides results within an acceptable degree of accuracy for many fluids having

similar properties (see Annex B).

16
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Table 9 — Environmental factors for non-refrigerated aboveground tanks
(expressed in Sl and USC units)

Tank design/ Insulation conductance Insulation thickness F-factor
configuration W/m2K Btu/(h-fi2°F) cm in
Bare metal tank — — 0 0 1,0
Insulated tank 2 22,7 4,0 2,5 1 0,3 °
11,4 2,0 5,1 2 0,15°
57 1,0 10,2 4 0,075
38 0,67 15,2 6 0,05°
2,8 0,5 20,3 8 0,037 5P
2,3 0,4 25,4 10 0,03°
1,9 0,33 30,5 12 0,025b
Concrete tank — —{ ¢
or fireproofing
\Water-application — — 1,0
facilities
Depressuring and — — 1,0
gmptying facilities ©
Underground storage — — 0
Egrth-covered storage — — 0,03
above grade
Impoundment — — 0,5

away from tank f

a

e

f

tempgratures up to 537,8 °C (1 000 °F). The useris.responsible for determining whether the insulation can resist disl
availgble fire-fighting equipment. If the insulation.does not meet these criteria, no credit for insulation shall be taken. T
valuep are based on insulation with a thermal conductivity of 9 W/m2K/cm (4 Btu/h-ft2-°F/in) of thickness. The user is
determining the actual conductance valuetefithe insulation used. The conservative value of 9 W/m2-K/cm (4 Btu/h-ft2-°F
for th¢ thermal conductivity is used.

b These F-factors are based on_the’thermal conductance values shown and a temperature differential of 887,9 K
using|a heat input value of 66.200 W/m? (21 000 Btu/h-ft?) in accordance with the conditions assumed in ISO 2325
condifions do not exist, engineering judgment should be used to select a different F-factor or to provide other means fqg
tank from fire exposure.

NOTH For the purposes of this provision, APl 521 is equivalent to ISO 23251.

¢ Use the F-factorifor an equivalent conductance value of insulation.

d

depends on many factors. Freezing weather, high winds, clogged systems, undependable water supply and tank surfacq
prevehtluniform water coverage. Because of these uncertainties, no reduction in environmental factors is recommendg

The insulation shall resist dislodgment by firesfighting equipment, shall be non-combustible and shall not

Wnder ideal conditions, water films covering metal surfaces can absorb most incident radiation. The reliability of w

decompose at
dgment by the
e conductance
responsible for
in) of thickness

1 600 °F) when
1. When these
r protecting the

pter application
conditions can
d; however, as

stated plcv;uuo:y, plupcl:y app:;cd water-canbe very effective:

Depressuring devices may be used, but no credit shall be allowed in sizing the venting device for fire exposure.

The following conditions shall be met.

A slope of not less than 1 % away from the tank shall be provided for at least 15 m (50 ft) toward the impound

The impounding area shall have a capacity that is not less than the capacity of the largest tank that can drain

The drainage system routes from other tanks to their impounding areas shall not seriously expose the tank.

tank.

The impounding area for the tank, as well as the impounding areas for the other tanks (whether remote or with dykes around
the other tanks), shall be located so that when the area is filled to capacity, its liquid level is no closer than 15 m (50 ft) to the

ing area.

into it.

© 1SO 2008 — All rights reserved
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environmental factor, F, selected from Table 9; credit may be taken for only one environmental factor.

4.3.3.3.5

The total rate of venting determined from Table 7 or Table 8 may be multiplied by an appropriate

Credit may be taken for the venting capacity provided by the device installed for normal venting,

since the normal thermal effect can be disregarded during a fire. Also, it can be assumed that there is no liquid

movement in

4.3.3.3.6

to the tank during fire exposure.

If normal venting devices have inadequate capacity, additional emergency venting devices of the

type described in 4.4.2 shall be provided so that the total venting capacity is at least equivalent to that
required by Table 5 or Table 6 or by Equation (11) or Equation (12).

4.3.3.3.7

4.4 Means of venting

441 Nornm

4411

Normal vent
arresting dev

Protect atmo

regulatid

the storg

the tank

See 4.5 for
types and op

Relief devicq

normal venting.

4412 Piressure/vacuum valves
To avoid profluct loss, PV valves are recommended for use on atmospheric storage tanks.
441.3 Open vents

If open vents
defined in 4.

General

the stored liquid has a low flash point, i.e. less than 60 °C (140°F) or in accordance with the appli

ha-tatal-ventina-eanacit
e Totar veTTarmg-oapactty

al venting

ng for pressure and vacuum shall be accomplished by a PV valve' with or without a f
ice or by an open vent with or without a flame-arresting device.

Spheric storage tanks against flame transmission from outside the tank if

ns, whichever is higher, or
ge temperature can exceed the flash point, or
can otherwise contain a flammable vapour.space.

esign considerations for tanks that-have potentially flammable atmospheres. A discussion
erating characteristics of venting devices can be found in Annex C.

s equipped with a lever andyweight and non-reclosing relief devices are not recommende

are ‘'selected to provide venting capacity for tanks that can contain a flammable vapour spa

ame-

cable

f the

d for

Ce as

L 11 _a flnmp-nrrpefing device should be used Oppn vents without a flnmp-nrmqting devics

may

be used for tanks that do not contain a flammable vapour space.

In the case of viscous oils, such as cutback and penetration-grade asphalts, where the danger of tank
collapse resulting from sticking pallets or from plugging of flame arresters is greater than the possibility of
flame transmission into the tank, open vents may be used as an exception to the requirements of 4.4.1.3; or
heated vents that ensure that the vapour temperature stays above the dew point may be used.

In areas with strict fugitive emissions regulations, open vents might not be acceptable and vent-device
selection should consider the maximum leakage requirements during periods of normal tank operation.
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4.4.2 Emergency venting

Emergency venting may be accomplished by the use of the following:

a) larger or additional open vents as limited by 4.4.1.3;

b) larger or additional PV valves;

c) agauge hatch that permits the cover to lift under abnormal internal pressure;

d) a manhole cover that lifts when exposed to abnormal internal pressure;

e) Wweak (frangible) roof-to-shell attachment (see 4.3.3.2);

f)  other forms of construction that can be proven to be comparable for the purposes of.pressurg relief;
g) 4 rupture-disk device.

4.5 | Considerations for tanks with potentially flammable atmospheres

4.5.1| General

Depgnding on the process and operating conditions, the vapour §pace in the tank can be flammiable. Ignition
of thge vapour space while within the flammable region likely.leads to tank roof damage apd/or loss of
contginment. Ignition sources include, but are not limited to, static discharge inside the tank due to splash
filling| or improper level gauging, pyrophoric materials on the inside surfaces of the tank, externa| hot work on
the tank, fire exposure of the tank, or flame propagation‘through a tank opening or vent caused by a lightning
strikg. Consider the potential for a flammable atmosphere inside the tank and determine whethdr safeguards

are adequate.

If exglosion venting is necessary, see 4.2.5.15.

4.5.2| Design options for explosion prevention

If the| tank's vapour space can be\within the flammable range, the user shall determine what sgfeguards are

requifed to prevent internal deflagration. The following are typical safeguards.

EXAMPLES Floating roof tank or a tank rated for full vacuum.

Different tank selection” A different type of tank design can reduce or eliminate the fofmation of a
flammable atmosphere.

Inert-gas.blanketing, which is an effective means of reducing the likelihood of a flammablg atmosphere
insidesa‘tank, when engineered and maintained properly. Note that inerting can introduce an|asphyxiation
isk7'and in sour services can promote the formation of pyrophoric deposits.

A : ' " v : gtn valve is an
effective method to reduce the risk of flame transmission. The user is cautioned that the use of a flame
arrester within the tank's relief path introduces the risk of tank damage from overpressure or vacuum due
to plugging if the arrester is not maintained properly. More information on flame arresters can be found in
ISO 16852, NFPA 69, TRbF 20, EN 12874, FM 6061, and USCG 33 CFR 154. The use of a flame
arrester increases the pressure drop of the venting system. The manufacturer(s) should be consulted for
assessing the magnitude of these effects.

For the proper selection of a flame arrester, the piping configuration, operating pressure and temperature,
oxygen concentration, compatibility of flame arrester material and explosive gas group (llA, 1IB, etc.)
should be considered. For selection of the correct flame arrester, the manufacturer should be consulted.
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d)

Pressure/vacuum valve: The petroleum industry has had good experience with tanks protected by
pressure and vacuum vents without flame arresters. As a result, there has been a belief that this good
experience is due to the pressure vents' potentially inherent flame-arresting capabilities. Recent testing,
however, disproves this hypothesis at least for the tested conditions. See 4.5.4 for more information on

flame propagation through pressure vents.

453

Inert-gas-blanketed tanks

An inert-gas system may be used to avoid drawing air into the tank during vacuum conditions. The use of
inert-gas systems instead of a vacuum-relief device is beyond the scope of this International Standard. For
tanks that use an mert-gas supply system the |Ike|lh00d of a potentlally explosive atmosphere is reduced and

other benefit
venting devid

4.5.4 Flamgp

Testing has
space of the
result in a fl
the tank's va

pressure sid¢

Flashbacks 1
this.

A lightni
tank is o
— A lightni
the PV t

4.6 Relief

4.6.1 Sizin
The pressur
requirementg
(see 4.2.5 ar

When evalud
handled usi
consideratior

s and for |nformat|ve guidance for inert-gas bIanketlng of tanks for flashback protection
es shall be sized for the case where the inert gas is unavailable (see 4.3.1).

propagation through pressure/vacuum valves

Hemonstrated that a flame can propagate through a pressure/vacuum valveland into the vapour

tank. Tests have shown that ignition of a PV's relief stream (possibly due-to a lighting strikg
shback to the PV with enough overpressure to lift the vacuum pallet,“altowing the flame to

pour space. Other tests show that, under low-flow conditions, a flame can propagate thougd
of the PV, see Reference [23].

hrough PV are rare in the petroleum industry. The following-are some factors that may e

ng strike is likely to occur under conditions of cleud cover, so there is a reduced likelihood th
ut-breathing. However, it can still be out-breathing if liquid is entering.

hg strike is almost always preceded-by,winds, which keeps the size of the flammable cloud
D a minimum.

-device specification

p basis

a.
-

and vacuume-relief device(s), including open vents, shall be suitable to pass the ve
for the largest ‘single contingency or any reasonable and probable combination of continge
d 4.3.1).

ting the overpressure scenarios in 4.2.5, the user should determine if the relief load shoy
ng AAormal out-breathing relief devices or emergency venting. This can be an imp

) can
enter
h the

plain

The matgrials stored in most cone roof tanks often do not result in a flammable atmosphere in the tank.

bt the

near

nting
ncies

Id be
brtant
-disk

ifthe emergency venting is via a frangible roof or a non-reclosing relief device (e.g. rupturg

or blow-off hatch).

A tank inerting system as described in 4.5.3 may be specified to avoid pulling air into the tank during vacuum
conditions. No credit for these inerting systems shall be taken for the purpose of sizing the vacuum-relief

device.

The inlet and outlet hydraulics can affect the relief-device sizing, which can be an iterative design process.

The basis for the sizing equations is explained in Annex D.

20
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4.6.2 Pressure and vacuum setting

4.6.2.1 The set pressure and relieving pressure shall be consistent with the requirements of the standard
according to which the tank was designed and fabricated. Under normal and emergency conditions, pressure-
relieving devices shall have sufficient flow capacity to prevent the pressure (or vacuum) from exceeding the
limits of the tank design code. Some standards present specific requirements, but others might not.

4.6.2.2 Consultation between the tank designer, the person specifying the venting devices and the
venting device manufacturer is strongly recommended to ensure that the venting devices are compatible with
the tank design. It is often necessary that the set (start-to-open) pressure be lower than the design pressure of
the tank to allow for adequate flow capacity of the devices. The operating pressure should be lower than the

setp

ressure to allow for normal variations in pressure caused hy r‘hangpq in temperature and hy

other factors

that 3

When designing inlet or outlet pipework for a pressure/vacuum relief valve, consider ¢he’infl

follow
a)
b)

4.6.2
relati

4.6.2
can {
press
head
abov

4.6.2
seled
Liftin
force
platfg
(3,571

4.6.2
the re

4.6.2
atan
reliev
tank
atits

4.6.3

flow resistance of pipes, bends and installed equipment;

possible back-pressure or vacuum within the system.

ffect pressure in the tank vapour space.

ing on the valve set pressure, the valve set vacuum and on the flow rate:

3 The expected operating range of any pressure-control system on the tank should b
e to the vent's set point in order to avoid nuisance venting and/or’ vent seat leakage.

4 The pressure setting of a pressure-relieving device_shall not exceed the maximum
xist at the level where the device is located when the pressure at the top of the tank equals
ure rating for the tank and the liquid contained in the tank is at the maximum design lev
from a vapour can be a significant value, especially-if the vent discharge is piped to a h
e the tank.

5 For API Std 650 tanks not covered by\API Std 650:2007, Appendix F, the pressure-
ted should limit the pressure in the tank to_prevent excessive lifting and flexing of the roofs
j and flexing of the roof of a tank is a.condition that is determined by the weight of the rq
caused by internal pressure should-not exceed the weight of the roof and attachme
rms and handrails. For example,/the gauge pressure should be limited to approxim
nbar; 1,4 in H,O) for a 4,76 mm,(3/16 in) carbon steel roof.

6 For tanks built to EN™4015, the set pressure of the valves shall be selected in sug
quired venting capacityat the MAWP is not exceeded.

7 In general{the set and relieving pressures for vacuum relief are established to preve
k and shall limit.vacuum to a level no greater than that for which a tank has been designed.
ing devices 0f a tank shall be set to open at a pressure or vacuum that ensures that the v
Hoes not exceed the vacuum for which the tank is designed when the inflow of air through t
maximum specified rate.

Design

lence of the

B considered

bressure that
the nominal
Bl. The static
gh elevation

elief devices
of the tanks.
of. The total
hts, such as
htely 350 Pa

h a way that

Nt damage to
The vacuum-
acuum in the
ne devices is

The pressure- or vacuum-relief device shall be designed so that it protects the tank in the event of failure of
any essential part.

In cases where ambient conditions can result in accumulation of material that can prevent the valve from
opening, the user shall consider additional safeguards to prevent malfunction of the venting device.

4.6.4

Materials of construction

Materials for a relief device and its associated piping shall be selected for the stored-product service
temperatures and pressures at which the device and its piping are intended to operate. Also, the materials
should be compatible with the product stored in the tank and with any products formed in the vicinity of the
relief device during discharge.
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4.7

Installation of venting devices

4.7.1 Installation of pressure- and vacuum-relief devices

Pressure- and vacuum-relief devices shall be installed to fulfil the following functions.

a)

b)

4.7.2 Discharge piping

Discharge piping from the relief devices or common discharge headers_shall comply with the following.

a)

b)

c)

d)

e)

f)
)]

h)

22

The devices shall provide direct communication with the vapour space and not be sealed off by the liquid
contents of the tank.

Any block valve or isolating device fitted between the relief device and the tank, or the relief device and
the discharge pipework shall be locked or sealed in the proper position. Where no spare relief devices are
installed] this shall be done by locking or sealing these block valves open. Where spare relief devicgs are
installed} then multiple-way valves, interlocked valves or sealed block valves and operating proceflures
shall be [used so that isolating one pressure- or vacuum-relief device does not reduce the remaining|relief
capacity|below the required relief capacity.

The desjgn shall ensure that the inlet and outlet assemblies, including any block valves; permit the|relief
device tp provide the required flow capacity. Inlet pressure losses developed during relief conditions| shall
be taken into account when sizing the pressure- and vacuum-relief devices. The/inlet pipe penetfation
into the pessel, the pressure drop across any block valves used upstream of the’venting device, and the
inlet piping shall be considered when determining these losses.

It shall[lead to a safe location. A number of standards (e.g. APIRP 500, TRbF 20, NFPA 30,
IEC 600[9-10) provide considerations for determining, safe discharge of storage tank relief streams.

It shall be protected against mechanical damage.

It shall g¢xclude or remove atmospheric moistire and condensate from the relief devices and assogiated
piping. This may be done by the use of logse-fitting rain caps or drains, but an accounting shall be jnade
of the pressure loss effects of these items. Low-point drains, if provided, shall be oriented to prgvent
possible| flame impingement on the_tanks, piping, equipment and structures. The selection of rain|caps
should he carefully considered to-ensure that they do not obstruct the pressure- and/or vacuum-vgnting
flow.

It shall discharge in areas.tliat prevents flame impingement on personnel, tanks, piping, equipment and
structurgs, and prevents-vapour from entering enclosed spaces.

It shall prevent airifrom recirculating into the valve body during relief conditions to prevent ice|from
forming when thetrelief temperature is below 0 °C (32 °F).

It shall prevent'condensing vapour from the tank from freezing.

When a tan:\ ;b :uwatcd ;llb;dc =] bu”d;lly, thc tdll:’\‘b \A+l) It;lly dCV;bUO th” d;abhalyc tU thc uuta;dc Uf the
building. A weak roof-to-shell connection shall not be used as a means for emergency venting a tank
inside a building.

Relief-device discharge lines from one or more tanks may be connected to a common discharge header,
provided the header complies with the other provisions of this subclause. Liquid traps that can introduce
sufficient back-pressure to prevent relief devices from functioning properly shall be avoided. Other vents,
drains, bleeders and relief devices shall not be tied into the common discharge header if back-pressures
can be developed that prevent the relief devices on the tank from functioning properly. Back-pressures
developed during relief conditions shall be taken into account when sizing the discharge header, sizing
the relief devices and compensating the set pressure of unbalanced relief devices (see ISO 23251).
Consideration shall be given to the potential for the pressure/vacuum valve to allow fluid in the discharge
header to enter a tank. The design of the system shall evaluate fluid compatibility and flame transmission
issues including the potential need for a detonation arrester.
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i) See ISO 16852 for correct application of flame arresters in vent discharge piping. Additional information
on flame arrestors can be found in NFPA 69, UL 525 and TRbF 20.

j)  All discharge piping shall be adequately supported and shall not impose excessive loading onto the relief

device, either due to the mass of the pipe assembly or through the bending moments which occur during
discharge.

4.7.3 Set pressure verification

The set pressure of all pressure- and vacuum-relief devices should be verified before the devices are placed
in operation.

5 Refrigerated aboveground and belowground tanks

5.1 | General

A reffigerated liquid-petroleum products storage tank can be the inner tank of a.double-roof, double-wall tank;
a doyble-wall tank with a suspended deck; or a single-wall tank with or withaut'a’suspended deck

Clauge 5 covers the normal and emergency vapour venting requirements for refrigerated liqyid-petroleum
products storage tanks designed for operation within the pressure dimits specified by the low-pfessure tank-
design code. This International Standard does not cover LNG storage. For refrigerated LNG tanks, see
NFPA 59A or EN 1473 for other requirements.
All cquses of overpressure or vacuum discussed in Clause 4 should be considered for refriggérated tanks,

except where noted in 5.2.1. In addition, Clause 5 covers_other sources of overpressure unique tp refrigerated
tanks.

5.2 | Causes of overpressure or vacuum
5.2.1| Modified guidelines

5.2.111 General

Congjder all of the causes of\overpressure or vacuum discussed in Clause 4 for refrigerated tanks, except
where noted below.

5.21|2 Atmosphéric’pressure changes

A risI or drop jin.barometric pressure is a possible cause of vacuum or overpressure in a tank. This is usually
insignificant. far/non-refrigerated tanks; however, it should be considered for refrigerated tanks since the
matefial is‘being stored close to its boiling point. A change in atmospheric pressure can result infa substantial
amount-of\wapourization or condensation.

If the pressure in the tank is equal to maximum operating pressure, a drop in atmospheric pressure can cause
overpressure from the expansion of vapour in the enclosed vapour space, Vg, and vapour evolved from the
overheat of the liquid, ¥, . Similarly, a vacuum condition can arise following an increase in atmospheric
pressure.

The flow rate due to vapour expansion, VAG , expressed in cubic metres per hour under the actual conditions
of pressure and of temperature of the enclosed vapour space, can be calculated using Equation (15):

: Ve d
Vag =—X- Pdatm (15)
p t
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where
Vik

p

dpatm

is the maximum gaseous cubic capacity of the empty tank, expressed in cubic metres;
is the absolute operating pressure, expressed in pascals;

is the absolute value of rate of variation in atmospheric pressure, expressed in pascals per

hour.

The flow rate due to the de-superheating of liquid, VAL, may be estimated by adapting the methods given in
5.2.1.3. for the calculation of the fractional proportion of the liquid, X gas » that vapourizes instantaneously.

Total flow rafe VA Is the sum of that caused by vapour expansion and that caused by flashing, as giv
Equation (16)):

Va=VA

Local data f
available, a ¢

5.21.3 Li
The inbreath
a refrigerateq
the feed liqui
Vapours gen
inlet pump w,
of flashing sk

If the refrige
instantaneou
refrigerated

G +VaL

br the rate of atmospheric pressure change should be used. Where thergtare no local
hange in atmospheric pressure of + 2 000 Pa/h with total variation of 10 kPa may be assum

fuid movement into or out of a tank

ng/out-breathing due to liquid movement into a non-refrigeratéd tank is described in 4.3.2.3
tank, the user should assess the amount of product that flashes as it enters the tank. Flash
d can be significant for fluids that are near or above their Hoiling point at the pressure in the
erated during the filling operation can also come from_a-warm fill, from an inlet-piping heat
brk, cool down of the tank and fill line, and vapours-displaced by the incoming liquid. The an
ould be calculated rather than assumed.

rated product is initially at equilibrium, the fractional proportion of liquid, X 4,5, that vapol

sly due to a temperature before expansion higher than that of the bubble point of the s
roduct may be approximated by the simplified equation given as Equation (17):

1_exp[ ]

e specific heat capacity of the fluid, expressed in joules per kilogram kelvin;

Cp-(T2-T4)
L

e boiling-point temperature of the fluid at the pressure of the tank, expressed in kelvins;

e temperature of the fluid before expansion, expressed in kelvins;

bn by

(16)

data
pd.

. For
ng of
tank.
leak,
hount

rizes
tored

(17)

Xgas =
where

C, is th

T, isth

Ty isth

L st

efatent heatof vapourizatiomof the-fluid; expressed-mjoutes perkitogran:

Consequently, the vapour generation rate, V,:, is calculated using Equation (18):

Ve :Xgas ”hpf

where M pf is the filling flow rate, expressed in kilograms per second.

24

(18)
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In the absence of more precise data, for absolute pressure drops < 100 kPa (1 bar), the following values and
Equation (19) may be used:

C, =353-10° J/(kg-K)

L =504-103 J/kg

(pz - P1)

To —T4)=—"—7 19

(Tp—-Ty) 3 000 (19)
where (p, — pq) represents the absolute pressure change of the refrigerated product between the initial
storape and the pressure of the destination tank, expressed in pascals.
The proper sizing and design of the refrigeration and vapour collection systems should-prevent|vacuum and
overpgressure due to liquid movement into or out of the tank but credit for this should not be faken for the
vaculim/pressure relief system design (see loss of refrigeration, 5.2.2.2).
5.21]14 Fire exposure
In 4.8.3 are described the venting requirements relating to the external fire exposure of non-refrigerated

stora
exce
or sin

For 4
betw

of a

incre
requi
hand
refrig
relief
portig

5.2.2

5.2.2

Othe

e)

5.2.2.2

pe tanks. This approach should be taken for calculating Menting requirements due to
btion that the method shown in 4.3.3.3 shall not be used since those requirements are basg
hilar products.

double-wall refrigerated storage tank, the heat input from a fire initially causes the vapours
pen the walls of a double-wall tank to expand. The heat input also causes the vapours in th
double-wall tank with suspended-deck insulation;to expand; however, it can be several hou
bsed heat input into the stored liquid causés a significantly increased vapourization rate.
rements for handling the increased vapourization can be small compared to the requ
ing the initial volumetric expansion ,of-the vapours. Because emergency venting for
erated storage tank is complex, no-calculation method is presented here. A thorough analy
for a double-wall refrigerated storage tank, including a review of the structural integrity
ns of the outer wall, should be‘eonducted.

A

g

Additional guidelines‘for overpressure

1 General
sources of overpressure unique to refrigerated tanks shall be considered and may include

Ipss of refrigeration,

ire, with the
d on hexane

in the space
e roof space
I's before the
The venting
irements for
double-wall
Bis of the fire
of unwetted

tlleat input due to pump recirculation,

evaporation due to ambient heat input,
rollover,

overpressure of the annular space of a double-wall tank.

Loss of refrigeration

Loss of refrigeration can result in overpressure. Calculation of the relief loads depends on the type of
refrigeration system and the extent of the equipment failure. For the loss-of-refrigeration scenario, all credible
simultaneous heat inputs to the system shall be considered. See ISO 23251 for assumptions for calculating
these relief loads.
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Heat input due to pump recirculation

Heat input due to pump recirculation can cause vapourization, which requires relief. Normally, this is included
in the design of the refrigeration system. If the pump recirculation is not included in the design of the

refrigeration

5224

system, then this can be a relief scenario.

Evaporation due to ambient heat input

Vapours generated due to heat input into the storage tank from the ground and ambient conditions are
normally included in the design of the refrigeration system. If this is not the case, then this vapour load can be
a relief scenario.

5.2.2.5 Rlllover

Ambient hea

from compog
rapid vapour

load for this

is used). Prg
prevent this s

to avoid this

5.2.2.6

For full contd

and subseq
Introduction
space. The
considered.

A hole havin

calculating le

5.2.3 Addi

5.2.3.1

Other sourc

refrigeration |oads (see 5.2.3.2).

5.2.3.2 Maximum refrigeration loads

Refrigeration| systems are designed either to cool the liquid contents or condense the tank vapours. Thd
should, as a|mihimum, evaluate the case where the refrigeration system is operated at maximum cond

with minimur]

Oy

General

[ input into storage tanks that can have a stratification due to different product gravities (res
itional and/or temperature differences) can result in a sudden mixing or “rolloyer” that leg
zation. There are no generally recognized methods available for rigorously-galculating the
scenario (EN 1473, however, provides guidelines for establishing rollover-relief loads if no n
per design and operation of the storage system to avoid stratification-are typically relied
cenario. If the rollover potential exists and the design and operating safeguards are not ade
scenario, then the user shall consider overpressure due to rollover.

yerpressure of the annular space of a double-wall tank

inment, double-wall tanks, the introduction of a refrigerated product into the annular tank 5
lent vapourization of that product can result in Overpressure of that annular tank s
bf refrigerated product can occur due to leakage oroverfilling leading to spillage into the arn

) a diameter of 20 mm in the bottom course of the tank shell may be assumed for the purpos
akage rates for overpressure protection. See EN 14620 (all parts) for more information.

ional guidelines for vacuum

ps of vacuum uniqué to refrigerated tanks shall be considered and can include max

ulting
ds to
relief
hodel
on to
uate

pace
bace.
nular

instantaneous vapourization of the refrigeratediproduct entering the annular space shall be

es of

mum

user
itions

h hormal heat and/or vapour generation gain within the storage tank (e.qg. maximum refrige

ation

with no liquid flow into the tank and minimum heat gain from the environment).

5.3 Relief-device specification

The methods described in 4.6 are applicable to refrigerated storage tanks.

5.4 Instal

5.41

lation of venting devices

General

The methods described in 4.7 are applicable to refrigerated storage tanks, except as modified below.
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Installation of pressure- and vacuum-relief devices

The devices shall keep cold vapour from producing a thermal gradient in the roof of the tank or reducing the
temperature in the roof of the tank. For a tank with the suspended-deck-type roof insulation system, the inlet
piping to the relief valve shall penetrate the suspended deck to prevent cold vapour from entering the warm
space between the outer roof and the suspended deck. The influence of this piping shall be considered in the
relief valve capacity calculations. Relief valves should be sized for the pressure available across the valve.
Consideration should be given to the inlet pressure losses and the back-pressure developed on the outlet
flange.

5.4.3 Discharge piping

5.4.31

disc
roof-

543
snow
upwa

Prov

by th

6

6.1

Esta

tests

(e.q.

line

The

outle

fluid'

If pre
devic

Carry
Conv

Flow

Testing of venting devices

Discharge piping from the relief devices or common discharge headers shall~be
rge to open air unobstructed so that any impingement of escaping cold gas upon the.conta
ounted items is prevented

2 A venting-device discharge stack or vent shall be designed and installed to preve
or other foreign matter from accumulating and obstructing the flow. The discharge shal
rds when relieving to the atmosphere. Independent support of the vertical stack should bg
s5ions shall be made to reduce the thermal effects on the container and.any roof-mounted
p ignition of vapour from the relief valve discharge stack.

General
blish the flow capacity of pressure/vacuum valyes by one of the methods described in 6.3
using test facilities, methods and procedures meeting the requirements of 6.2 and nationg
ASME PTC 25). These methods shall applyyto pressure and/or vacuum valves (end-of-line V
alves). These methods may apply to free vents (open vents having screens and weather cay
test report shall describe how the venting device is mounted and tested as well as describe
piping. If any fluid other thanair.is used in the test, the name of the fluid actually used a
¢ temperature and its specific.gravity at standard conditions shall be noted in the test report.
ssure and/or vacuum devices are combined with flame arresters, carry out the tests with t
es.

out the tests withair or other suitable gases.
ert test results with other fluids or different conditions to air at the conditions specified below

capagcity curves or equations shall refer to air at one of the following sets of conditions:

arranged to
iner and any

nt water, ice,
be directed
considered.
tems caused

Perform the
| regulations
alves and in-
S).

the inlet and
ong with the

he combined

[o] [o]

1 HH 4 4 Ao/ /[Nn or-\
MUITIar - CUTIUIIuTN S, ierrperature, v o (o4 1), PITosUlT,

1,29 kg/m3 (0,080 Ib/ft3);

standard conditions: temperature, 15,6 °C (60 °F); pressure, 101,3 kPa (1,013 bar 14,69
1,22 kg/m3 (0,076 Ib/ft3);

4-:69psi); density,

psi); density,

temperature, 20 °C (68 °F); pressure, 101,3 kPa (1,013 bar; 14,69 psi); density, 1,20 kg/m3 (0,075 Ib/ft3).
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6.2 Flow-test apparatus

6.2.1 General

The test apparatus shown in Figure 1 is suitable for free vents, end-of-line venting devices and in-line devices.

Key

1 test medilim supply (e.g. blower or fan)

2 calibrated

3 testtank
4  calibrated
and vacuum

5 temperatyre-measuring device

6 baromete|
pressure

6.2.2 Test

The test med

6.2.3 Flow

Calibrate the

il P
3 o —— =9

L
< 4°

Fq o

7 device to be tested

flow-measuring device 8 pipe-away,\if fitted
9 atmospheric-temperature- and dew-point-measuring dqg
I}

measuring device(s) for pressure con lengthrof connecting pipe (straight pipe nipple)

a Pressure and vacuum measurement may be achieve

i i ] separate instruments.
I: measuring device for atmospheric

Figure 1 — Test apparatus for flow testing of venting devices

medium supply
ium supply (Figure 1, key item 1) shall be a blower or a fan or other sources of energy.

tmeasuring device

flow-measuring device (Figure 1, key item 2) in accordance with the manufacturer's g

vices

I with

uality

system, but

t asminimum every five years and in accordance with national regulations

6.2.4 Test tank

For the test tank (Figure 1, key item 3), take the following into account.

a) Flow velocity within the tank shall be < 2,0 m/s; configure the test tank to prevent high-velocity jets from
impinging on the pressure-measuring device (Figure 1, key item 4) or on the venting device (Figure 1, key
item 7) or from creating pressure differentials within the tank.

b) Pulsations that can possibly be generated by the test medium supply shall be dampened to avoid errors
in flow metering.
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c) In order to minimize the effect of entrance losses, mount the venting device being tested (Figure 1, key
item 7) on top of the test tank.

d) Mount the venting device on a straight-pipe that has the same nominal diameter as the test device, and a

length, I,

on’

of test tank.

of 1,5 times the nominal diameter; it shall be placed vertically with its end flush with the inside

e) For testing vacuum valves, reverse the flow direction, i.e. air is drawn through the test device into the test

t

6.2.5

ank.

Pressure/vacuum-measuring device

Calib
mand

6.2.6

Calib
mant

6.2.7

The arometer (Figure 1, key item 6) is used to measure atmospheric pressure.

6.3

6.3.1

Start

5 kPa (0,725 psi).

6.3.2

6.3.2
Meas
Test

press
at les

facturer's quality system and national regulations.

Temperature-measuring device

rate the devices for measuring the temperature (Figure 1, key items 5,and”9) in accorda
facturer's quality system and national regulations.
Barometer

Method for determining capacities

Open vents

ng with zero flow, measure the tank pressuréor vacuum in five equal steps up to the maxir

Pressure and vacuum valves

1 Flow-curve method
ure the flow-capacity ¢urves for each type of device and for every nominal size.
each venting deviee® at its minimum design pressure and vacuum set points and at the hi

ure and vacuum set points of the device or the limits of the flow-testing facility, whichever is
st three intermediate settings, including those given in paragraph four of this subclause, for

and

vacuyim or pressure set point. These data may also be used to establish a flow-capacity
presqures or vacuums greater than the maximum values tested, provided it can be demonstr
extrapaolation of the data is valid.

ressure.<Make incremental flow-rate changes sufficient for establishing a flow-capacity cu

rate the pressure- and vacuum-measuring devices (Figure 1, key item 4) in accordarluce with the

nce with the

hum value of

ghest design
greater. Test
both vacuum
rve for each
urve for set
ated that the

Start measuring the tank pressure or vacuum at the corresponding adjusted valve setting (zero flow) and
continue in appropriate steps until the maximum value or fully open position is reached.

The volume flow should be measured at tank pressures of 1,1 times, 1,2 times, 1,5 times and 2 times the
adjusted set pressure or vacuum. If the fully open position of the valve disk is not achieved at two times the
adjusted valve setting, additional measuring points are required until the fully open position is reached.

If at least three measuring points are determined after the valve has reached its fully open position, the curves
may be extrapolated for higher pressure or vacuum.
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Plot the capacity curves for volume flow against tank pressure or vacuum (flow-rate/pressure curves, flow-
rate/vacuum curves) or present the data in tables that show the flow relative to the tank pressure. Express
pressures in kilopascals (bars, millibars, millimetres of water, ounces per square inch, pounds per square inch
or inches of water).

State the overpressure or set pressure.

NOTE

are not considered.

6.3.2.2

Coefficient of discharge method

The flow-capacity curves apply for clean devices; conditions, such as device fouling, that can reduce capacity

6.3.2.2.1

pecific design of three or more sizes

For different|devices having a specific design with geometrically similar flow paths, a coefficient of disc
can be estaljlished for the range of venting devices by using the following procedure. The testing result
be extrapolated to include valves either smaller or larger than the valves used in the,test progra

providing th

Geometric s

geometric similarity exists between the tested device and the predicted device.

milarity can be said to exist when the ratios of flow path and the dimehsions of parts tha

narge
5 can
mme,

t can

affect the overall thrust exercised by the medium on the moving parts within the-relief device are scaleq with
the correspopding dimensions of the valves used in the capacity testing.
Test at leas] three devices for each of three different sizes (a total.of nine devices), each at a different
pressure. At[least one of the test pressures shall be the minimum desjgn pressure or vacuum for the design
and one of the test pressures shall be the maximum design pressure or vacuum. The other test presgures
shall be eveply distributed between the minimum and maximum, ‘design pressures. All of the test presgures
shall be thoge where lift of the seat disk is sufficient for the ngzzle to control the flow or where the sea} disk
lifts to a fixed stop.
Determine thie coefficient of discharge, K, of the device fer each test as given by Equation (20):
K = da] (20)
dth
where
q, s thle test flow rate;
g1, is the theoretical-flow rate, determined in consistent units: expressed in Sl units of normal [cubic
memes per hour.of the test medium (typically air) as given by Equation (21) or in USC units of $CFH
of the test medium (typically air) as given by Equation (22):
N i o {anfs J
where
Amin 18 the minimum flow area of the device, expressed in square centimetres;
Di is the absolute pressure at device inlet, expressed in kilopascals;
Do is the absolute pressure at device outlet, expressed in kilopascals;
k is the ratio of specific heats of the test medium at the test conditions;
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T is the absolute temperature at device inlet, expressed in kelvin;
M is the relative molecular mass of the test medium;
Z is the compressibility factor evaluated at inlet conditions (if unknown, use Z = 1,0).
2 k1
dipy =278 T00p; - Arir #M [Z_?jk (1;_?] g (22)
wherg

Amin  is the minimum flow area of the device, expressed in square inches;

)il is the absolute pressure at device inlet, expressed in pounds force per square inch;
oo is the absolute pressure at device outlet, expressed in pounds force-per'square inch;
) is the ratio of specific heats of the test medium at test conditions;

y is the absolute temperature at device inlet, expressed in,degrees Rankine;
)74 is the relative molecular mass of the test medium;
y is the compressibility factor evaluated at inlet conditions (if unknown, use Z = 1,0).

Plot a best-fit curve of the coefficient of discharge ofithe devices tested versus the absolute pressure ratio
acrogs each device. All measured coefficients shallNfall within + 5 % of the curve (see Figure 2). Calculate the
flow [capacity for any pressure within the test~pressure range by multiplying the theoretical [flow for that

presgure ratio by 95 % of the corresponding,coefficient of discharge for that pressure ratio as determined by
the bpst-fit curve.
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Key
X absolute gressure ratio, p/p;
Y coefficien{ of discharge, K
1 best-fit cufve of measured coefficients
2 maximumllimit (105 % of best-fit curve values)
3 minimum [imit (95 % of best-fit curve values)
4  valve coefficient of discharge for published capacity
Figure 2 — Typical ratio limits for capacity testing of venting devices
using the coefficient of discharge method
6.3.2.2.2 Individual valve
A coefficient jof discharge can beestablished for each size of device by using the following procedure.
Test four deyices for each combination of pipe size and orifice size, each at a different pressure. At leagt one

of the test pressures shall\be the minimum design pressure or vacuum and one of the test pressures sh

the maximun
and maximu
for the nozzl

measured coefficients shall fall within £ 5 % of the curve. Calculate the flow capacity for any pressure within
the test pressure range by multiplying the theoretical flow described in 6.3.2.2.1 for that pressure by 95 % of
the corresponding coefficient of discharge for that pressure ratio as determined by the best-fit curve.

6.3.3 Calculation method — Manhole covers

The flow capacity at any pressure in which the full lift of a manhole occurs can be calculated by multiplying the
theoretical flow described in 6.3.2.2.1 by 0,5.
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Production testing

General

The manufacturer shall test leak rate and the adjusted set pressure for each pressure/vacuum relief device.

Testing shall be performed on test stands that meet the following conditions.

a) The valve shall be connected to an accumulator tank sized to minimize the impact of dynamic effects.

b) The pressure drop between the accumulator and the test valve shall be negligible.

6.4.2
Verify

a)

b)
|

If gre

Forp

6.4.3

The pressure shall be measured in the accumulator tank.

The maximum flow rate of the gas supply to the accumulator tank shall be greaterthan the

bak criteria and substantially less than the capacity of the PV.

The flange on which the vent is mounted shall be level.

Leak-rate test

the maximum leak rate for pressure/vacuum vents by one of the\following methods.

The measured leak rate shall be less than the value specified in Table 10 at 75 % of the
pressure.

The measured inlet pressure shall be greater than\75 % of the adjusted set pressure at {

bak rate specified in Table 10.

Table 10 — Maximum allowable leak rates

Vent size Maximum allowable leak rate
mm (in) m3/h (CFH)
<8150 (6) 0,014 2 (0,5)
200 t07400 (8 to 12) 0,141 6 (5,0)
> 400 (12) 0,566 3 (20,0)

ater seat tightness is required, the purchaser shall specify this in the purchase order.

ilot-operated valves, the maximum leak rate shall be in accordance with ISO 4126-4.

Method of determining adjusted set pressure

specified PV

adjusted set

he maximum

The flow-test apparatus shall limit the maximum flow rate into the accumulator such that a drop in the
pressure measured at the accumulator tank can be observed when the relief device set pressure is reached.
Given this, for pressure (vacuum) vents, the adjusted set pressure shall be the pressure at which any further
increase in flow rate no longer causes a rise or fall in pressure.

For pilot-operated valves, the adjusted pressure shall be in accordance with ISO 4126-4.

©I1SO
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7 Manufacturer's documentation and marking of venting devices

71

Documentation

A certificate shall be issued by the manufacturer or supplier of the venting equipment recording the set
pressure, the set vacuum and the flow rate at the indicated overpressure or the tank design pressure, and
tank design vacuum.

It is recommended that the flow rate/pressure loss diagram (flow capacity curve) or coefficient of discharge for
the relief valve also be supplied.

7.2 Marki

7.21

Each venting

ng

Gengral requirements

device (open vents, pressure and/or vacuum valves or pilot-operated valve)-shall be m

with all the re¢quired data. The marking shall be stamped onto, etched in, impressed on or,Cast in the va

on a plate(s)

securely fastened to the valve.

7.2.2 Opern vents

The marking(shall include the following as a minimum:

a) name or|identifying trademark of the manufacturer;

b) manufagturer's design or type number;

c) pipe siz¢ of the device inlet;

d) rated capacity for the tank design pressure and tank design internal negative pressure, in normal
metres pger hour (SCFH) of air.

7.2.3 Pressure-relief valves

The marking

a)
b)
c)

d)

e)

f)

name or

manufad

shall include the following-as‘a minimum:
identifying trademark.-of'the manufacturer;

turer's design ar type number;

pipe sizg¢ of the device inlet;

set pres
column)

sure; inkilopascals (millibars, pounds per square inch, ounces per square inch or inches of

arked
ve or

cubic

water

rated capacity at the indicated relieving pressure, in normal cubic metres per hour (SCFH) of air;

relieving

pressure.

7.2.4 Vacuum-relief valves

The marking shall include the following as a minimum:

a)

b)

34

name or

identifying trademark of the manufacturer;

manufacturer's design or type number;
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c) pipe size of the device inlet;

d) set vacuum in kilopascals (millibars, pounds per square inch, ounces per square inch or inches of water
column);

e) rated capacity at the indicated relieving vacuum, in normal cubic metres per hour (SCFH) of air;

f)  relieving vacuum.

7.2.5 Combined pressure/vacuum relief valves

Each[combined pressure/vacuum relief valve shall be marked in the manner described in 7.2.3.ajd 7.2.4.

7.2.6] Venting devices with flame arresters

For venting devices combined with flame arresters or detonation arresters, or with aniintegrated flame arrester
or defonation arrester elements, the marking required in ISO 16852 shall be added:-
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Annex A
(informative)

Alternative calculation of normal venting requirements

A.1 General

A1.1 This

annex provides a calculation approach that may be used to design protection systems{fq

normal ventimg requirements of petroleum storage tanks.

A.1.2 Theg
storage tank
areusedint

The tank
For tank
tempera
operatin
The ma

The effe]

NOTE

is not exy
of the lig
during st
caused b)

The voll
A1.3 For

the boundar
Standard for

A.2 Expel

A.21 Som

e venting requirements are based on specific boundary conditions that may be applied to t
5 holding petroleum or petrochemical fluids. The following boundary conditions ‘and assumyg
e venting requirements given in this annex.

is uninsulated.

s containing volatile liquids, the volatility characteristics are similar‘to petrol (gasoline), an

fure of the liquid fed to the tank is less than the boiling-point temperature at the max

h pressure of the tank.
imum operating temperature of the vapour space of the tank is approximately 48,9 °C (120

ct of the cooling of the vapour space is the contragtion of the vapours within the vapour spac

For tanks containing vapours that can condense-upon cooling, the temperature of the liquid within th
ected to change as rapidly; therefore, the vapour pressure is expected to be maintained by the evapd
hid. The condensation of vapours can be significant when little or no bulk liquid exists in the tank, sU
pam-out, and the calculation methodology given in this annex is not valid for the additional volume c!
y the condensation of vapours.

me of the tank is less than 30:900 m3 (180 000 bbl).
he design of protection,systems for normal venting requirements for installations not satig

conditions and assumptions in A.1.2, the user should refer to the body of this Interna
more appropriatesreguirements and recommendations.

ience

e tahk failures/damage due to vacuum have occurred with petroleum storage tanks, with

root causes i

hvolving one or more of the following; see Reference [20]:

r the

pical
tions

d the
mum
F).

e,

b tank
ration
ch as
hange

fying
tional

their

cooling of the vapour space at elevated temperatures, i.e. significantly greater than 48,9 °C (120 °F);

after a steam-out operation;

restriction or blockage of air flow, such as blockage of the vents by a plastic bag.

condensation of vapours within the tank due to cooling heat transfer, such as condensation of the steam

A.2.2 Operational experience with petroleum or petrochemical fluid storage tanks indicates that tank
failures/damage due to vacuum have not been caused by inadequate venting when that relief system is
designed using the guidance in this annex. The following factors, however, may have also contributed to this
operational experience.
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Petroleum storage tanks are usually not operated completely empty.

storage tanks, and this might not occur simultaneously with a cooling event.

Smaller enclosed spaces can actually exhibit heat-transfer rates that are lower than those
these guidelines.

An increasing number of large-capacity floating-roof tanks are being used.

Total venting requirements include liquid movement, which can be significant for common petroleum

assumed by

An increasing number of fixed-roof tanks are being installed with pad gas systems that provide an

aaditional measure of venting compensation.

For these reasons, any design that does not reflect a typical petroleum storage tank should'not b
accordance with this annex.

A.3 [Normal venting requirements

A.3.1 General
A.3.1
Mmove
venti

1 Normal venting requirements shall be at least the sam*“of the venting requireme
ment and for thermal effects. These normal venting requirements are based on the maxim
g that can occur during normal operation of the tank and are given for the following conditio

mormal inbreathing resulting from the maximum outflow~of liquid from the tank (liquid-transfer

mormal inbreathing resulting from contraction or>condensation of vapours caused by maxim
in vapour-space temperature (thermal effects),

mormal out-breathing resulting from maximum inflow of liquid into the tank and maximum
¢aused by such inflow (liquid-transfer.effects);

vapour-space temperature~(thermal effects).

A.3.1.2 Although design~guidelines are not presented in this annex for other circumstances,
nonetheless, be consideréd, as indicated in the body of this International Standard.

A.3.1.3 A summary of the venting requirements for inbreathing and out-breathing due to liqu
out df and into a_tank and the thermal effects are shown in Tables A.1 and A.2. These requ
discussed in AC3y4.1 and A.3.4.2.

The ¢ut-breathing requirements in this International Standard are for air at normal or standard co

b designed in

hts for liquid
LUm expected
ns:

effects);

Um decrease

apourization

ormal out-breathing resulting from expansion and vapourization that result from the maximpum increase

they should,

d movement
irements are

hditions. The

user |shall’ correct the out-breathing requirements to normal or standard conditions for heate

d (insulated)

and/orpressurizedtanksatpressures greater tham 6,9 kPa(tpsi)-

A3.1.4

It is important to note that the reference temperature for standard conditions [15,6 °C (60 °F)] is

not the same as the reference temperature for normal conditions [0 °C (32 °F)]. The conversion between
standard and normal conditions has been incorporated when reporting the results in the different unit systems.
The user is cautioned that the volumetric rates reported in the different unit systems might not appear to be

equivalent because of this temperature conversion.
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Table A.1 — Normal venting requirements
(expressed in Sl units)

Dimensions in Nm3/h of air per m3/h of liquid flow

Flash point/ Inbreathing Out-breathing
boiling point @
°C Liquid movement out Thermal Liquid movement in Thermal
Flash point > 38 0,94 b 1,01 b
Boiling point > 150 0,94 b 1,01 b
Flash pojpt<38 0,94 b 202 b
Boiling ppint < 150 0,94 b 2,02 b
@  Datalon either flash point or boiling point may be used. Where both are available, use the flash point.
b See Table A.3.
Table A.2 — Normal venting requirements
(expressed in USC units)
Dimensions in Nm3/h‘of air per m3/h of liquid flow
Flaﬂh point/ Inbreathing Out-breathing
boiling point @
°F Liquid movement out Thermal Liquid movement in Thermal

Flash [point > 100 5,6 b 6 b

Boilind point > 300 5,6 b 6 b

Flash|point < 100 5,6 b 12 b

Boiling point < 300 5,6 b 12 b
@  Datalon either flash point or boiling point may be use€d,Where both are available, use the flash point.
b See Table A4.
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Table A.3 — Normal venting requirements for thermal effects
(expressed in Sl units)

Tank capacity Inbreathing Out-breathing
Column 12 Column 2° Column 3¢ Column 44
Flash point > 37,8 °C or Flash point < 37,8 °C or
normal boiling point > 149 °C normal boiling point < 149 °C

m3 Nmé/h of air Nmé/h of air Nmé/h of air
10 1,69 1,01 1,69
20 3,38 2,02 3,38
100 16,9 10,1 16,9
200 33,8 20,3 33,8
300 50,4 30,4 50,4
500 84,5 50,7 84,5
700 118 71,0 118

1 000 169 101 169

1 500 254 152 254

2000 338 203 338

3000 507 304 507

3180 537 322 537

4 000 647 388 647

5000 787 472 787

6 000 896 538 896

7 000 1003 602 1003

8 000 1077 646 1077

9 000 1436 682 1136

10 000 1210 726 1210

12 000 1345 807 1345

14 000 1480 888 1480

16 000 1615 969 1615

18 000 1750 1047 1750

20,000 1877 1126 1877

25 000 2179 1307 2179

30 000 2495 1497 2 495

@ Interpolation is allowed for intermediate tank capacities. Tanks with a capacity of more than 30 000 m3 are not covered by this
annex. The values in this column are not derived by conversion of Table A.4; instead they are chosen to be close to those volumes in
Table A.4 and the venting requirements are based on direct calculations using the volumes chosen.

b For information regarding the basis for these calculations, refer to A.3.3.

€ For stocks with a flash point of 37,8 °C or above, the out-breathing requirement has been assumed to be 60 % of the inbreathing
requirement. For information regarding the basis for these calculations, refer to A.3.3.

d For stocks with a flash point below 37,8 °C, the out-breathing requirement has been assumed to be equal to the inbreathing
requirement to allow for vapourization at the liquid surface and for the higher specific gravity of the tank vapours. For information
regarding the basis for these calculations, refer to A.3.3.
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Table A.4 — Normal venting requirements for thermal effects
(expressed in USC units)

Tank capacity Inbreathing Out-breathing
Column 12 Column 2 Column 3¢ Column 44
Flash point > 100 °F or Flash point < 100 °F or
normal boiling point > 300 °F normal boiling point < 300 °F
bbl gal SCFH air SCFH air SCFH air
60 2500 60 40 60
100 4-200 60 60 00
500 21000 500 300 500
1000 42 000 1000 600 1000
2000 84 000 2000 1200 2.000
3 000 126 000 3000 1800 3 000
4 000 168 000 4000 2400 4000
5000 210000 5000 3 000 5000
10 000 420 000 10 000 6 000 10 000
15 000 630 000 15 000 9000 15 000
20 000 840 000 20 000 12 000 20 000
25000 1 050 000 24 000 15 000 24 000
30 000 1260 000 28 000 17000 28 000
35 000 1470 000 31 000 197000 31 000
40 000 1680 000 34 000 21000 34 000
45 000 1890 000 37 000 23 000 37 000
50 000 2100 000 40 000 24 000 40 000
60 000 2520000 44 000 27 000 44 000
70 000 2940 000 48 000 29 000 48 000
80 000 3 360 000 52000 31000 52 000
90 000 3780 000 56 000 34 000 56 000
100 000 4 200 000 60 000 36 000 60 000
120 000 5 040 000 68 000 41 000 68 000
140 000 5:880 000 75000 45 000 75000
160 000 6 720 000 82 000 50 000 82 000
180 000 7 560 000 90 000 54 000 90 000
@  Interpolation is allowed for intermediate tank capacities. Tanks with a capacity of more than 180 000 bbl are not covered by this
annex.
b For information regarding the basis for these calculations, refer to A.3.3.
¢ For stocks with a flash point of 100 °F or above, the out-breathing requirement has been assumed to be 60 % of the inbreathing
requirement. For information regarding the basis for these calculations, refer to A.3.3.
d For stocks with a flash point below 100 °F, the out-breathing requirement has been assumed to be equal to the inbreathing
requirement to allow for vapourization at the liquid surface and for the higher specific gravity of the tank vapours. For information
regarding the basis for these calculations, refer to A.3.3.
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A.3.2 Liquid movement

A.3.21 The rate of change in volume caused by liquid movement shall be considered in the
determination of the normal venting requirements. The primary sources of these changes in volume are the
following:

— actual volumetric displacement by the movement of liquid into or out of the tank;

— generation of vapours by volatile liquids entering the tank, if applicable.

A.3.2.2 For the actual volumetric displacement caused by the movement of the liquid, the volumetric rate
of mgvement of the liquid, usually by means of pumping, Is Used o calculate the venting requirenjents.

It is iportant to note that the change of volume is commonly converted to equivalent volumetric fates in terms
of airfat standard or normal conditions. As a result, the volumetric rates might not appear.t6 be Ian equivalent
displacement especially when assuming operating temperature or ambient temiperatures that are not
equivalent to standard or normal conditions.

A.3.2.3 For the generation of vapours caused by volatile liquids entering\the tank, the amodint of vapour
genefated should be estimated for the calculation of venting requirements.

For typical petroleum fluids, a liquid having a flash point less than 3847-°C (100 °F) may be consiglered volatile.
absence of flash point characteristics, the atmospheric boiling Jpoint may be used. In this ¢ase, a liquid
having a boiling point less than 148,9 °C (300 °F) may be considered a volatile liquid.

For typical petroleum fluids, the vapour generation rate may,be estimated as 0,5 % of the incoming liquid. The
evappration rate of approximately 0,5 % is selected on thé basis of gasoline being pumped into an essentially
empty tank. During this period, heat pickup is consideredto be at a maximum. Also, any vapour (flashing as a
resulf of hot line products (for example the pipeline being exposed to the sun) is the most critica] at this time,
since there is no large heat sink such as that which exists in a full tank. In addition, vapourization is increased
since| there is essentially no tank pressure to'suppress vapourization. For conversion of hydrocarbon vapour
to air} a density of 1,5 times that of air is arbitrarily selected.

Significantly higher vapourization rates*ean occur if the liquid feed to the tank has a temperatufe above the
boiling point at the operating pressure of the tank. For instance, with hexane, 0,4 % of the feed gan vapourize
for eyery 0,6 K (1,0 °R) above the boiling point at the tank pressure.

A3.24 Note that protection against liquid overfilling is not covered in this annex.

A.3.3 Thermal effects

A.3.31 Changes in volume caused by thermal effects shall be considered in the determiphation of the
normgl venting\requirements. The primary sources of these changes in volume are the following:

hahges in ambient temperatures that result in heat transfer with the vapour space;

— changes in internal liquid temperatures that result in heat transfer with the vapour space.

A.3.3.2 For typical petroleum fluids, the heat transfer with the vapour space is not expected to result in
condensation of the vapours themselves, especially when the vapour space contains a significant amount of
non-condensable gases. The lack of condensation of the vapours during cooling is an essential assumption in
the application of the guidance in this annex.

A.3.3.3 In many situations, the rapid cooling caused by sudden changes in ambient conditions is a
controlling case for the heat transfer to the vapour space within the tank. The rate of change in volume is
maximized at the maximum vapour-space volume and the maximum operating temperature; therefore, the
tank is considered to be empty and at its maximum operating temperature for this calculation.
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It was established that, in the southwestern United States, tanks can be cooled rapidly, as happens when a
sudden rainstorm occurs on a hot, sunny day. For vacuum conditions, it was found that roof plates can be
cooled by as much as 33 K (60 °R) and that shell plates can be cooled by approximately 17 K (30 °R).

Heat transfer occurs from the vapour space in the tank to the cooled surfaces, which may be treated as
isothermal surfaces as the rainwater is expected to provide sufficient cooling on the exterior surfaces of the
tank. The heat transfer from the vapour space may be characterized by free convection. The heat-transfer
coefficient is the key variable in this calculation, yet it is both difficult to predict accurately and imprecise as the
choice of correlations used to establish the heat-transfer coefficient is very dependent on the fluids, physical
configurations and scales involved.

baocad cal h ttrancfar rota A

The cooling
temperature
boundary co

A maximum

A maximum

The volumet
(A.3).
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change rate. With the inherent uncertainty in the heat-transfer coefficient, the use of thes
nditions is not expected to introduce any additional unacceptable uncertainties.

neat-transfer rate of 63 W/m?2 (20 Btu/h-ft2) may be used as a boundary condition;

emperature change rate of 56 K/h (100 °R/h) may be used as a boundary condition.

fic rate of change, 7 , due to thermal effects can be calculated using-Equations (A.1), (A.2

h-Agyp - AT

the number of moles initially in the tank vapour space;
the ideal gas constant;

the pressure within the tank, which is typically assumed to be atmospheric pressure fq
iIrposes of calculation;

temperature;

time;

mum
b two

and

(A1)

(A2)

(A.3)

r the

is the initial temperature, which is assumed to be 48,9 °C (120 °F);

is the maximum temperature differential, calculated as 7y - 7,;

is the wall temperature, which is assumed to be 15,6 °C (60 °F);

is the heat-transfer coefficient;

is

is

is

the exposed surface area;
the specific heat capacity at constant pressure;

the tank volume.
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For tanks smaller than 3 180 m3 (20 000 bbl), the venting requirement due to thermal contraction is limited by
the maximum temperature change of 56 K/h (100 °R/h) in the tank's vapour space. Using an initial
temperature of 48,9 °C (120 °F), the venting requirement is approximately equal to 0,19 m3/h of air per cubic
metre (1 ft3/h of air per barrel) of empty tank volume.

For tanks equal to, or larger than, 3 180 m3 (20 000 bbl), the venting requirement due to thermal contraction is
limited by the heat-transfer rate of 63 W/m?2 (20 Btu/h-ft2). The venting rates shown in Tables A.3 and A.4 for
tanks larger than 3 180 m3 (20 000 bbl) are determined by first calculating the venting rate for the largest tank
shown. The venting rate for a 30 000 m3 (180 000 bbl) tank assumes a surface area of 4 324 m2 (45 000 ft2),
a heat-transfer rate of 63 W/m?2 (20 Btu/h-ft2), an initial temperature of 48,9 °C (120 °F) and fluid properties of
air as the typlcal gas in the vapour space of the tank at atmospherlc pressure. The calculated venting
requif S/ are foot) of
expoged surface area. For the Iargest tank thls corresponds to a maximum temperature change of 28 K/h
(50 °R/h) in the tank's vapour space. The venting rates for tanks with capacities betwepn 3 180 m3
(20 0PO bbl) and 30 000 m3 (180 000 bbl) are estimates based on venting rates set by the'two tark sizes.

For gxtremely large tanks having volumes greater than 30 000 m3 (180 000 bbl) thé héat transfey is expected
to be|more complex than the simplifications presented here, and the user should(refer to the main body of this
International Standard for more appropriate guidance.

The ¢xternal ambient conditions are assumed to be at standard conditions' of 15,6 °C and 1013 kPa (60 °F
and 14,7 psia) for the purposes of the calculations in the tables above:

A.3.34 For heat transfer from ambient conditions resulting in an increase of temperature ih the vapour
space, the volumetric expansion rate is expected to be much slower than the contraction rate as the heating of
ambignt air does not occur as rapidly. In these cases, the incfease in temperature of the vapour gpace caused
by the liquid temperature can have a greater impact; howe¥er, this necessarily means a partially ffilled tank. In
additjon, the increase in liquid temperature can result in‘'some vapourization of the residual liquid if that liquid
is volgtile.

The polumetric expansion rate may be estimated as 60 % of the volumetric contraction rat
ambignt heat transfer for non-volatile liquids,_and may be estimated at 100 % of the volumetri
rate fpr volatile liquids.

caused by
contraction

[P

In egtablishing the basis above, it _Is recognized that the requirements for out-breathing afe somewhat
consgrvative; however, some coenservatism is believed to be desirable to take into account both unusual
climatic conditions and products-that can generate more vapour than gasoline generates. Also, the cost
involyed for a larger venting-device is very small, considering the overall cost of a tank. This consgrvatism also
provifles some margin of safety if the liquid entry rates slightly exceed the design rates.

A.3.4 Determination of normal venting requirements

A.3.41 Inbreathing (vacuum relief)

A.3.4.1.1\ ' The requirement for venting capacity for maximum liquid movement out of a tank should be
equivalént to 0,94 Nm3/h of air per cubic metre (5,6 SCFH of air per barrel) per hour of maximum emptying
rate for liquids of any flash point.

This calculation is a direct conversion of US barrels to cubic feet.

A.3.4.1.2 The requirement for venting capacity for thermal inbreathing for a given tank capacity for liquids of
any flash point should be at least that shown in column 2 of Table A.3 or Table A.4.

For tanks having a volume less than 3 180 m3 (20 000 bbl), this calculation is based on the cooling of an

empty tank initially at 48,9 °C (120 °F) at a maximum rate of temperature change of 56 K/h (100 °R/h) and is
essentially equivalent to 0,169 Nm3 per cubic metre (1 SCFH per barrel) of empty tank volume.
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For tanks having a volume greater than 3 180 m3 (20 000 bbl), this calculation is based on an estimated
requirement of 0,577 Nm3/h per square metre (2 SCFH per square foot) of exposed surface area using typical
tank sizes for those volumes.

A3.42 Ou

A3.4.21

t-breathing (pressure relief)

Liquids having a flash point of 37,8 °C (100 °F) or above

The requirement for venting capacity for maximum liquid movement into a tank and the resulting vapourization
for liquid with a flash point of 37,8 °C (100 °F) or above, or a normal boiling point of 148,9 °C (300 °F) or
above, should be equivalent to 1,01 Nm3/h per cubic metre (6 SCFH of air per barrel) per hour of maximum

filling rate.

The requirement for venting capacity for thermal out-breathing, including thermal vapourization;)fer a given
tank capacity for liquid with a flash point of 37,8 °C (100 °F) or above, or a normal boiling paint-of 144,9 °C
(300 °F) or apove, should be at least that shown in column 3 of Table A.3 or Table A 4.

This calculatjon is equivalent to 60 % of the inbreathing requirements for thermal effects.

A.3.4.2.2 liquids having a flash point below 37,8 °C (100 °F)

The requirenpent for venting capacity for maximum liquid movement into a tank and the resulting vapourization
for liquid with a flash point below 37,8 °C (100 °F) or a normal boiling poitt below 148,9 °C (300 °F) shoyld be
equivalent to[2,02 Nm3/h per cubic metre (12 SCFH of air per barrel) perhour of maximum filling rate.

The requirement for venting capacity for thermal out-breathing, Jifncluding thermal vapourization, for a given
tank capacity for liquid with a flash point below 37,8 °C (100°F) or a normal boiling point below 14§,9 °C

(300 °F) sho

This calculat

ild be at least that shown in column 4 of Table A:3'or Table A.4.

on is equivalent to 100 % of the inbreathingyrequirements for thermal effects.
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Annex B
(informative)

Basis of emergency venting for Tables 7 and 8
The emergency venting requirements contained in the first edition of API RP 2000 are based on the

assumption that a tank subjected to fire exposure absorbs heat at an average rate of 18 900 W/m?2
(6 000 Btu/h ft2) of wetted surface. The minimum_ emergency relief capacity, given as the approximate
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cteristics of a typical straight-run gasoline from a US Midcontinent crude oil, using a conve
ion, an orifice coefficient of 0,7 and a vapour specific gravity of 2,5. An emergency ventin
0 m3/h (648 000 ft3/h) was the maximum required for any tank, regardless of“size. TH
gency venting capacity is based on the fact that tanks with a capacity of more than'2 780 m3
heated, require such a long period of time before their contents reach a.témperature a
g starts that it is extremely unlikely that this point would ever be reached, and/even if it were
nple time to take the necessary precautions to safeguard life and property-

basis for emergency venting was adopted by the National Fire Protection Association (NF
used successfully for many years. As far as can be determined;jéxcept for some containers
capacities, no case has been recorded in which a tank failed\from overpressure because
gency venting capacity when vented in accordance with this basis.

v catastrophic tank ruptures did, however, occur in gases in which the emergency ventin
dance with this basis. These tank ruptures focused attention on the emergency venting r

e obtained under ideal conditions; however, large-scale test data were lacking. In June 196
nstrations in Tulsa, Oklahoma, a horizontal tank measuring 2,44 m x 7,18 m (8 ft x 26
ped with an emergency venting devicé sized to limit the internal gauge pressure of
ximately 0,75 kPa (3 in H,0). Measuréments indicated that under exposure to fire, the ga
to approximately 11 kPa (44 in H5Q)." Based on these tests, it was agreed that emerg
rements should be re-examined. .As-a result of this study, the current basis for heat input un
was developed.

s 7 and 8 are based on the)composite curve shown in Figure B.1, which is composed of fou
traight-line segment 1 is drawn between 117 240 W (400 000 Btu/h) at 1,86 m2 (20 ft2) of wj
and 1172 400'W (4 000 000 Btu/h) at 18,6 m2 (200 ft2) of wetted surface area. For this
, the total heat input, O4, expressed in Sl units of watts, is given by Equation (B.1) and exprg

of British‘thermal units per hour by Equation (B.2):

ents when plotted on log-log graph paper. The curve can be defined in the following manner.

bter of a free circular opening, is computed from the results of a detailed analysis of;the distillation

htional orifice
j capacity of
is maximum
(17 500 bbl),
which rapid
there would

PA) and has
of unusually
Df insufficient

g was not in
pquirements.

small-scale fire tests demonstrate that heat inputs of more than 18 900 W/m?2 (6 000 Btu/h-ft2) of surface

1, during fire
ft 10 in) was
the tank to
ige pressure
bncy venting
Her exposure

r straight-line

ptted surface
ortion of the
ssed in USC

(B.1)

where Ay g is the area of the wetted surface, expressed in square metres.

where Ay is the area of the wetted surface, expressed in square feet.

The straight-line segment 2 is drawn between 1 172 400 W (4 000 000 Btu/h) at 18,6 m2 (200 ft2) of wetted
surface area and 2 916 000 W (9 950 000 Btu/h) at 92,9 m2 (1 000 ft2) of wetted surface area. For this portion
of the curve, the total heat input, O,, expressed in Sl units of watts, is given by Equation (B.3) and expressed
in USC units of British thermal units per hour by Equation (B.4):
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where 41s is the area of the wetted surface, expressed in square metres.

05 =199 300 (47 s%°%) (B.4)

where Aty g is the area of the wetted surface, expressed in square feet.

The straight-line segment 3 is drawn between 2 916 000 W (9 950 000 Btu/h) at 92,9 m2 (1 000 ft2) of wetted
surface area and 4 129 700 W (14 090 000 Btu/h) at 260 m2 (2 800 ft2) of wetted surface area. For this portion
of the curve, the total heat input, O3, expressed in Sl units of watts, is given by Equation (B.5) and expressed

in USC units of British thermal units per hour by Equation (B.6):

03 =630 400 (4ys2338) (B.5)
where Ay g IS the area of the wetted surface, expressed in square metres.

03 = 963 400 (47ys2338) (B.6)

where Aty g

For non-refri
larger than 2
metal streng
possible ratg
4129700 W

For all refrigq
designed for
260 m2 (2 80
at temperatu

s the area of the wetted surface, expressed in square feet.

jerated tanks designed for gauge pressures of 6,89 kPa (1 psi) and below, with wetted sur
60 m2 (2 800 ft2), it has been concluded that complete fire invélvement is unlikely and Ig
th from overheating causes failure in the vapour space bgfore development of the max
of vapour evolution. Therefore, additional venting capagity beyond the vapour equivalg
(14 090 000 Btu/h) is not effective; see key item 5 in Figure (B.1).

rated tanks, regardless of design pressure, and forall'non-refrigerated tanks and storage ve¢

gauge pressures over 6,89 kPa (1 psi), additional venting for exposed surfaces larger
0 ft2) is believed to be desirable because, undérthese storage conditions, liquids are often g
Fes close to their boiling points. Therefore, the time required to bring these liquids to the b

point might mot be significant. For these situations, described by the straight-line segment 4, the total

faces
ss of
mum
nt of

ssels
than
tored
piling
heat

input, 04, eXpressed in Sl units of watts, is given-by Equation (B.7) and expressed in USC units of British
thermal units| per hour by Equation (B.8):
where Ay g |s the area of the wetted surface, expressed in square metres.

04 =2100 (4182 (B.8)
where Ay g Is the area ofithe’wetted surface, expressed in square feet.
The total emprgency venting requirements are based on the heat input values described in Equations (B|.1) to
(B.8). The venting>requirements, ¢, on the assumption that the stored liquids have the characteristics of
hexane and P
Equation (B. g exy ] 3l cu 3ir | Ir and Q exp ]
and by Equation (B.10) for USC units, with ¢ expressed in standard cubic feet of air per hour and Q expressed
in British thermal units per hour:

0
q=14982 (B.9)
L-m%®

where

0 is the total heat input, expressed in watts, as determined from Figure B.1 using the calculated

46

wetted surface, Amys;

is the latent heat of vapourization of the liquid at relieving conditions in the tank, expressed in

kilojoules per kilogram;
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M is the relative molecular mass of the vapour being relieved;

14 982 is the factor to convert the vapourization rate, expressed in kilograms per second

the air venting rate, expressed in normal cubic metres per hour.

(hexane), to

In Equation (13), the constant 208,2 is derived from Equation (B.9), for Q equal to 43 200 A58 W [from

Equation (B.7)], L equal to 334 900 J/kg and M (for hexane) equal to 86,17.
In USC units:
=705 QM (B.10)
T
wherg
()] is the total heat input, as determined from Figure B.1 using the calculated wetted sjurface Anys,

In Eqg
[from

No ¢
liquid
15,6

Becal
venti
one I
level
ISO 4
subc
requi

NOTE

expressed in British thermal units per hour;

is the latent heat of vapourization of the liquid at relieving conditions in the tank,
British thermal units per pound;

7 is the relative molecular mass of the vapour being relieved;

0,5 is the factor for converting pounds per hour of vapour generated to standard cubic
of air vented.

uation (14), the constant 1 107 is derived from Eguation (B.10), for Q equal to 21 000 41
Equation (B.8)], L equal to 144 Btu/lb and M (for hexane) equal to 86,17.

bnsideration has been given to possible expansion from heating the vapour above the boilin
, the specific heat of the vapour or thesdifference in density between the discharge tem
C (60 °F) because some of these changes are compensating.

use of some concerns expressed-about the differences in various methods for determin
g requirements and a desire_to.standardize one method, the API subcommittee surveyed 3
undred companies from 1993\o 1996. This survey indicates that there is no detectable diff
of safety provided by using the fire-sizing methods found in this International Standard,
3251, NFPA documents or other commonly used fire-case venting calculation metho
bmmittee abandoned-efforts to standardize the industry on one method for determining fire-
rements in 1996.

For the.purposes of this provision, APl 521 is equivalent to ISO 23251.

expressed in

feet per hour
ws82 Btu/h

j point of the
berature and

ing fire-case
pproximately
erence in the
API RP 520,
ds. The API
case venting
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uivalent of 4 129¢700°"W (14 090 000 Btu/h), point beyond which additional venting capacity is not effeqtive

tanks;sthe total heat absorption continues to increase with wetted surface area. This is the reason wl
ove 260 m2 (2 800 ft2).

ove 260 m2.(2°800 ft2) of wetted surface area, the total heat absorption is considered to remain constant for
non-refrigeratgd tanks below a gauge pressure of 6,89 kPa (1 psi). For non-refrigerated tanks above this pressure, 3

nd for
ny the

Figure B.1 — Curve for determining requirements for emergency venting during fire exposure
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Annex C
(informative)

Types and operating characteristics of venting devices

C.1 Introduction

Two pasic types of pressure or vacuum vents, direct-acting vent valves and pilot-operated.ver|t valves, are
available to provide overpressure or vacuum protection for low-pressure storage tanks.(Bireqt-acting vent
valves can be weight-loaded or spring-loaded. These venting devices not only provide overpressyre protection
but a|so conserve product. Direct-acting vent valves are sometimes referred to as conservation vents.

Another type of venting device, an open vent, is available to provide overpressure’or vacuum protection for
storape tanks designed to operate at atmospheric pressure. An open vent i always open. It gllows a tank
designed to operate at atmospheric pressure to inbreathe and out-breath attany pressure differerjtial. An open
vent |s usually provided with some type of weather hood or shape that prévents rain or snow fronj entering the
tank (see Figure C.1).

Key
1 tgnk connection

Figure C.1 — Open vent

C.2 'Direet-acting-vent-valves

C.2.1 Description

Direct-acting vent valves are available to provide pressure relief, vacuum relief, or a combination of pressure
and vacuum relief. Combination vent valves may be of a side-by-side configuration (see Figure C.2).
Side-by-side vent valves or pressure-relief vent valves are available with flanged outlets for pressure
discharge when it is necessary to pipe the pressure-relief vapours away.

Larger, direct-acting vent valves are available to provide emergency relief and can provide access to a tank's

interior for inspection or maintenance. They are typically available in sizes from 400 mm (16 in) to 600 mm
(24 in) (see Figure C.3). Figure C.4 shows other types and configurations of direct-acting vent valves.
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C.2.2 Principle of operation

The principle of operation of a direct-acting vent valve is based on the weight of the pallet or the spring force
acting on the pallet to keep the device closed. When tank pressure or vacuum acting on the seat sealing area
equals the opposing force acting on the pallet, the venting device is on the threshold of opening. Any further
increase in pressure or vacuum causes the pallet to begin to lift off the seat.

An overpressure of 40 % to 60 % is usually required to achieve full lift of a pallet (see Figure C.5). For an
application in which full lift of the seat pallet is required for capacity reasons but cannot be obtained because
of a pressure limit on the storage tank, a larger venting device or multiple venting devices shall be used at
reduced lift and capamty Several Iarge ventmg devices instead of many small venting devices are usually
preferred to minimize—thenumber-oftank pet retrations—As—an cul.c;lllauvc aset pressure betow-themaximum

allowable working pressure of the tank may be selected to allow full lift.

C.2.3 Seat|tightness and blowdown

A soft, nonslick material is typically used on the sealing surface of the pallet. This matetial’can prevent the
pallet from siicking to the nozzle.

Seat leakage typically start at 75 % to 90 % of set pressure and varies strongly fornthe different technolggies.
The closer aftank gets to the set pressure, the more leakage occurs.

Seat leakagg can cause vent valve seats to stick closed if the vapours’ from the storage tank prpduct
polymerize when exposed to atmospheric air or the vapours auto“refrigerate, condense and ffeeze
atmospheric |moisture. Purging the seat area with an inert gas, such‘as nitrogen, or using a heat-traced or
steam-jacketed device, can reduce sticking. Some manufacturers provide special technology for polymetizing
services, in [the knowledge that relief-device heating can in¢rease the risk of polymerization of fome
monomers (&.g. styrene). Also, special technology (e.g. fermenter) that operates without support energy is
available for ppplications where freezing of atmospheric moisture can be a problem.

Seat leakagg¢ can be caused by uneven bolt torque<on flanged connections, particularly in large-dianeter
devices such as weight-loaded emergency venting- devices. To prevent this, it is recommended that a
minimum flange thickness should be specified for'API flanges.

Blowdown is|the difference between opening.and closing (reseating) pressure of a relief device. This prepsure
difference is expressed as a pressure of as'a percentage of the set pressure. The amount of blowdown Varies
with the relief-device design. PV blowdown should be evaluated if inert-gas blanketing systems are installed in
combination with pressure/vacuum(relief valves.

When seleciing vent devices<for areas with strict fugitive emissions regulations, the maximum legkage
requirementq during periods of normal tank operation shall be taken into consideration.

C.2.4 Ventjng device sizes and set pressures

Direct-acting| vent.valves are typically available in sizes from 50 mm (2 in) to 350 mm (14 in); however] vent

valves in a stacked configuration (see Figure C 4) are available in sizes upto 700 mm (28 in) |

Typical set pressure ranges for weight-loaded vent valves are up to 6,9 kPa (ga) (16 0z/in2) and up to a
vacuum of — 4,3 kPa (ga) (- 10 oz/in?). Spring-loaded vent valves should be used for pressure or vacuum
settings that exceed these values because the supporting structure and space for the added weights is not
available.

Verification of the set pressure of a venting device after it has been installed on a storage tank can be
accomplished by increasing the tank pressure or vacuum. To change the set pressure, weights shall be added
or removed from the pallet, or a new pallet shall be used, or the spring shall be adjusted (if a spring-loaded
vent valve is being used).
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C.3 Pilot-operated vent valves

C.3.1 Description

Pilot-operated vent valves are available to provide pressure relief, vacuum relief or a combination of pressure
and vacuum relief. Some vent valves can be equipped with flanged outlets if it is necessary to pipe
pressure-relief vapours away. Unlike side-by-side direct-acting vent valves, pilot-operated vent valves relieve

pressure or vacuum through the same opening to atmosphere (see Figure C.6).

C.3.2 Principle of operation

A piIJ)t-operated vent valve for pressure relief uses tank pressure, not weights or a spring, 16 IJeep the vent

seat closed. The main seat is held closed by tank pressure acting on a large-area diaphrag
ure covers an area greater than the seat sealing area, so the net pressure force is.always
bp the seat closed. The volume above the diaphragm is called the dome. If the diaphragm f3
ure decreases and the vent valve opens.

valve
press
to ke
press

The pilot is a small control valve that continuously senses tank pressure. When-the tank pressure
set p
is refluced and the seat lifts to permit tank pressure to discharge through the vent valve. W
presqure decreases, the pilot closes, the dome volume re-pressurizes-and the main seat closes.
pilot pctions are available: modulating and snap action. For modulating action, the main vent
gradually with increasing pressure and achieves rated relieving_ capacity at relieving pressure
valves reseat very close to the set pressure. For snap action, theumain valve opens rapidly at set
achigves rated relieving capacity at relieving pressure.

A pilpt-operated vent valve achieves full lift at or below 10 % overpressure (see Figure (
chargcteristic permits overpressure protection to be:accomplished with smaller or fewer ventin
additjon, relative to direct-acting vent valves, pilotieperated vent valves can have a tank-opera
closer to the set pressure.

A pil
holdi
press
the [

t-operated vent valve for vacuum relief uses atmospheric pressure to keep the seat close
g the seat closed is equal to the(seat sealing area times the pressure differential across {
ure differential is equal to atmospheric pressure plus the tank vacuum. When the tank va
ilot set, the pilot opens tosapply tank vacuum to the large dome volume above thq
Atmaspheric pressure acting envthe downstream side of the diaphragm forces the diaphragm
Little|or no increase in tank.vacuum beyond the vent valve setting is required to obtain full lif
When the tank vacuum decreases, the pilot closes and atmospheric pressure enters the dome
main|seat.
If the] diaphragm fails; atmospheric air enters the dome and prevents the tank vacuum from crg
differpntial to Jift/the seat. Double-diaphragm vent valves are available to prevent such a
Figure C.7):_one’ diaphragm is for pressure actuation and one is for vacuum actuation. Each
isolated and-protected from the flow stream and fully supported to minimize stress. The vacuu
movgs,only'to provide vacuum relief to extend its service life.
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Figure C.2 — Side-by-side pressure/vacuum vent

™

Figure C.3 — Large, weight-loaded emergency vent
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e) Side-by-side, weighted pressure/vacuum vent f) Side-by-side, spring-loaded pressure
flanged pressure outlet weight-loaded vacuum vent

Key
1 tank connection

Figure C.4 — Direct-acting vents
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Figure C.5 — Capacity/overpressure characteristic of vent

tightness and blowdown

ure pilot vent’valves are soft-seated for premium tightness. Unlike in a direct-acting vent
Iding the seéat closed in a pilot vent valve increases with increasing pressure. This fo
t before.the vent valve opens, so leakage does not occur when tank pressure increases or

pressure is r

alve,
ce is
hen

b is kept. near the set point of the venting device. The force available to open the seat at the set
plso\maximum, since the force holding the seat closed is removed or reduced when the set
pached. The opening force available is essentially equal to the seat area times the tank presgure.

Blowdown with pilot-operated vent valves is less than with direct-acting vent valves. Blowdown for snap action
pilots is typically less than 7 % of the set pressure. Blowdown for modulating pilot valves is typically much less.

C.3.4 Venting-device sizes and set pressures

Low-pressure, pilot-operated vent valves are typically available in sizes from 50 mm (2 in) to 600 mm (24 in).
Available set pressures range from 103,4 kPa (ga) (15 psig) to — 101,3 kPa (ga) (- 14,7 psig) vacuum. The
minimum opening pressure is typically a 0,5 kPa (ga) (2 in H,O) or — 0,5 kPa (ga) (- 2 in H,0) vacuum.
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Key

1  pllot

2 dpme

3 d|aphragm

4  seat

5 pflessure probe
6 tgnk connection

Figure C.6 — Pilot-operated pressure vent (single diaphragm)
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I

I I

I I
Lm\mﬂ 10 L

Key

1 pilot 8 screen

2 pilotinlet 9 base flange

3 vacuum dctuatorassembly 10 film seat

4 vacuum diaphtagm 11 film protector plate

5 pressure pctuator assembly 12 nozzle

6 pressure diaphragm 13 seat plate

7 shield 14 vacuum rod

Figure C.7 — Pilot-operated pressure/vacuum (double diaphragm)
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C.3.5 Optional features

Several options are available with a pilot-operated vent valve. For verifying set pressure,

a field-test

connection can be supplied that permits checking the set pressure with the vent valve installed and

pressurized.

A valve to operate the pilot-operated vent valve as a blowdown device can be supplied if depressurizing the
storage tank is required. This valve can be operated manually at the vent valve or remotely from a control

room.

For installations where inlet piping pressure losses can cause the vent valve to rapid-cycle, the
equip i i fpe—Thi forT,
prevents the vent valve from rapid-cycling; however, the relieving capacity is reduced becausetth
dependent upon the pressure at the vent valve inlet.

When particulates in the tank vapours can be a problem, an external, fine-element filter can be
the pjlot-pressure sense line. When polymerization of tank vapours in the pilot can-bea problem
purge at the pilot-pressure sense line can be supplied to prevent the tank vapours§|from entering t

A pilgt-operated vent valve can be equipped with a pilot lift lever and a pasition indicator. A lift
manual operation of the pilot to make sure it is free to operate. Actuation‘of this lever always op
valve if the tank is pressurized. A position indicator is a differential-pressure switch that can be u
a corftrol room whether the vent valve is open or closed.

pilot can be
mote sense,
e capacity is

supplied for
an inert-gas
ne pilot.

ever permits
ens the main
sed to signal
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Annex D
(informative)

Basis of sizing equations

D.1 Scope

This annex p

D.2 Stand

In many of

rovides the basis for some of the sizing equations used in this International Standard.

ard and normal conditions

the calculations in this International Standard, a set of reference conditions is chose

expressing t
follows.

— Normal

temperafure of 0 °C (32 °F), are used for expressions involving S| units) At normal conditions, the
volume ¢f an ideal gas is 22,414 m3/kmol.

e volumetric flow rates of an ideal gas. These are normal conditions or.standard conditior]

n for
s, as

onditions, consisting of a pressure at atmospheric pressure 101,325 kPa (14,696 psia) and a

molar

— Standardl conditions, consisting of a pressure at atmospheric pressure 101,325 kPa (14,696 psia) @and a

temperature of 15,56 °C (60 °F), are used for expressions:involving USC units. At standard condifions,
the molgr volume of an ideal gas is 379,46 ft3/Ib-mol.
It is importarnt to note that the reference temperature for noermal conditions (0 °C or 32 °F) is not the same as
the referenc¢ temperature for standard conditions (15;6 °C or 60 °F). The conversion between normd and
standard corditions has been incorporated when reporting the results in the different unit systems. The uger is
cautioned that the volumetric rates reported in-the different unit systems might not appear to be equiyalent
because of this temperature conversion.
The ratio of the absolute temperatures should be used to convert between the volumetric flows of a freg gas
(i.e. where the mass or molar flow rate has been converted to an equivalent volumetric flow rate) at gither
reference copdition.
dnormdl [ 49167°R 1m3 Nm*
normgl _| %= , 3 |=002679 —— (D.1)
dstandafd \919,67°R7| 35314 7 ft SCF
where
9normal is the volumetric flow at normal conditions, expressed in normal cubic metres per hour;
dstandard 1S the volumetric flow at standard conditions, expressed in standard cubic feet per hour.
NOTE This is equivalent to the conversion between the molar volume of an ideal gas at normal and standard
conditions.
3 3
dnormal 22,414 Nm®kmol 1kmol _ 0,026 79 N (0.2)
dstandard 379,46 SCF/Ib-mol (2,20461b-mol ) '
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Whenever relief requirements are expressed in equivalent volumetric flows of air at a set of reference
conditions, the ratio of the square root of the absolute temperatures should be used to convert between the
reference conditions. Refer to Clause D.10 for more information.

3 519,67R 3
dnormal _ 22,414Nm Jkmol . Tkmol . 9 -0,027 54 Nm®~ (D.3)
dstandard 379,46 SCF/Ib-mol | 2,204 6 Ib-mol 491,67Rg SCF

D.3 Theoretical flow rate for coefficient of discharge method

D.3.1 Theoretical basis

D.3.1.1 The theoretical flow rate presented for the coefficient of discharge method for the testing of
venting devices is based on the following assumptions:

a) at the flow-limiting element in a fully opened pressure vent is the nozzle indthe’body of the yent between
e inlet opening and the seating surface, and

b) at the appropriate thermodynamic path for determining the theoreti¢al'maximum flow through the nozzle
i adiabatic and reversible (i.e. isentropic), a common assumption ‘that has been borne thrpugh various
xperimental evidence for well-formed nozzles.

D.3.1.2 The isentropic nozzle flow assumption provides:a standard theoretical frameywork for the
theorgtical flow equation. The general energy balance for the-isentropic nozzle flow of a homogeneous fluid
formg the basis for the calculation of the mass flux (mass flew per unit area), G, through the nozzle, expressed

in Slunits of kilograms per second per square metre as‘given by Equation (D.4) and expressed|in USC units
of polunds per second per square foot as given by in Equation (D.5):

72 :[-2.j58tv.dpst/v§1] (D.4)
pi max

s

wher

Y%

is the specifie volume of the fluid, expressed in cubic metres per kilogram;
» is the'\mass density of the fluid, expressed in kilograms per cubic metre;

st is-the stagnation pressure of the fluid, expressed in newtons per square metre;

$ ot Al H v\’\t

H ie-tha ok e 4 flidl nadibione-at-th H™Y
1 10 UTC SUVOUTTPL UTdl UTOTyTTatCo 1TUTu CUTTUTUUTTS at urc 1mine

th is the subscript that designates fluid conditions at the throat of the nozzle where the cross-
sectional area is minimized;

max is the subscript that designates the maximization of this calculation, which accounts for potential
choking of the fluid.
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-9266,1- ["v.dpg

G? = L (D.5)
Vth

max

- (ptzh).[_gzsej. ps‘%]
Pi p max

where
v i the specific volume of the fluid, expressed in cubic feet per pound;
P ig the mass density of the fluid, expressed in pound per cubic foot;
Dst ig the stagnation pressure of the fluid, expressed in pounds per square inch absolute;
i i the subscript that designates fluid conditions at the inlet to the nozzle;
th ig the subscript that designates fluid conditions at the throat of the nhozzle where the dross-
sectional area is minimized,;
max iy the subscript that designates the maximization of this calculation, which accounts for potential

O

noking of the fluid.

D.4 Isentnopic nozzle flow for vapours and gases

D.4.1 For yapours and gases with a constant isentropic expansion coefficient, the expression for the specific
volume-to-pressure relationship along an isentropic path is\given by Equation (D.6):

pa-v"' Fpivi (D.6)
where

v iy the specific volume of the.fluid, expressed in cubic metres per kilogram (cubic feet per pound);

A ig the pressure of the fluid) expressed in pascals (pounds per square inch absolute);

n ig the isentropic expansion coefficient.

D.4.2 Determining the.isentropic expansion coefficient for a real gas can be complicated because if is a
function of Qoth pressure and temperature and, while in most cases it is relatively constant, it can| vary
throughout the expansion process. The coefficient can generally be obtained from an equation of stat¢ that

expansion ppth- In the event that the isentropic expansion coefficient is constant, an expression fgqr the

isentropic e T n in
Equation (D.7).
C
n:_L.(%] r (D.7)
ra \vq )r Cy
where

v is the specific volume of the fluid, expressed in cubic metres per kilogram (cubic feet per pound);

py is the pressure of the fluid, expressed in newtons per square metre (pounds per square inch
absolute);
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T is the subscript that designates the partial derivative taken at constant temperature;

C_ is the specific heat capacity of the fluid at constant pressure, expressed joules per kilogram-kelvin
(British thermal units per pound-degree Fahrenheit);

C, is the specific heat capacity of the fluid at constant volume, expressed joules per kilogram-kelvin
(British thermal units per pound-degree Fahrenheit).

D.4.3 These variables can be evaluated at any point along the isentropic path; however, the inlet conditions
are most convenient as the relief temperature is known at this point and the specific heat capacities can be
readily obtained.

exprgssion for the constant isentropic expansion coefficient can be further reduced by deriving the expression
for thie partial derivative of pressure with respect to specific volume at constant temperatare-for the ideal gas.
The isentropic expansion coefficient for an ideal gas is constant and is the ratio of the(ideal-gas{specific heat
capagity at constant pressure to the ideal-gas-specific heat capacity at conmstant volume (i.e. the
ideal{gas-specific heat ratio, k), as shown in Equation (D.8).

cr C:
Y '[—ﬂj'—fZ £ (D.8)
v)cr o oC

v

D.44 For vapours and gases that can be considered ideal gases, i.e. that follow the ideal'fas law, the

v

wher

w

k is the isentropic expansion coefficient for an ideal gas; also referred to as the ideal-gas{specific heat
ratio;

I is the pressure of the fluid;

is the specific volume of the fluid;

is the specific heat capacity at constant pressure;
is the specific heat capacityrat constant volume;

represents the ideal gas constant.

Again, this expression,can‘be evaluated at any point along the isentropic path; however, the inlet conditions
are most convenient-as-the relief temperature is known at this point and the specific heat capagities can be
readily obtained. If2is”useful to note that the ideal-gas specific heat ratio is not significantly dependent on
tempprature (and”is not dependent at all on pressure); hence, the ideal-gas-specific heat ratig at standard
condftions may.be a good estimate in the absence of other information.

D.4. Fer vapours and gases that follow the constant isentropic expansion expression, the isertropic nozzle
flux gquation (Equation D.4) can be solved analytically to yield the expression shown in Equation] (D.9), which
is applicable for subcritical or critical flow provided the correct throat pressure is chosen for either case:

62 =| —2- | (v2s )(ﬁj-(m‘(ﬁ = pstr) 0.9)

Vit P

where
n is the isentropic expansion coefficient;

v is the specific volume of the fluid;

© IS0 2008 — Al rights reserved 61


https://standardsiso.com/api/?name=52d9ec1e53d35382a8948144945bacef

