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1 ANSI/UL 525-2004 (R2017)
UL 525

Standard for Flame Arresters

The first and second editions were titled Flame Arresters for Use in Open Vent
Pipes of Oil Storage Tanks.

TI|1e third, fourth, and fifth editions were titled Flame Arresters for Use on Verlts
ofl Storage Tanks for Petroleum Oil and Gasoline.

First Edition — December, 1936
Second Edition — July, 1946
Third Edition — September, 1973
Fourth Edition — June, 1979
Fifth Edition — December, 1984
Sixth Edition — December, 1994
Seventh Edition — February£{2004

Eighth Edition
May 9, 2008

This ANSI/UL Standard for Safety\consists of the Eighth edition including
rgvisions through October 13, 2017

The most recent designationsof ANSI/UL 525 as a Reaffirmed American Natiorfal
Sfandard (ANS) occurred.on October 12, 2017. ANSI approval for a standayrd
dges not include the Cover Page, Transmittal Pages, and Title Page.

Cpmments or proposals for revisions on any part of the Standard may be
sybmitted to.Uk-at any time. Proposals should be submitted via a Propos
Request indUk’'s On-Line Collaborative Standards Development System (CSD
af https://csds.ul.com.
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Ul's Standards for Safety are copyrighted by UL. Neither a printed nor electrorjic
copy of a Standard should be altered in any way. All of UCS Standards and all
copyrights, ownerships, and rights regarding those Standards shall remain the
sole and exclusive property of UL.
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INTRODUCTION

1 Scope

1.1 These requirements cover tank vent deflagration flame arresters and in-line detonation flame

arresters.

1.2 The requirements for tank vent deflagration flame arresters cover arresters for use on vents of
storage tanks for petroleum oil and gasoline. These flame arresters are intended to prevent propagation
of flame into the storage tank. Combination flame arrester-vent valves are also covered.

1.3 The requwements for in- I|ne detonahon flame arresters cover arresters for use in piping systems

containing flamm

bidirectional a
2 Glossary
2.1 Forthep

2.2 BIDIREQ
respect to dire

a) Th
deton

b)
when

2.3 DEFLAGRATION — A very rapid burning of-a*flammable gas- or vapor-air mixture wh

front of the co

2.4 DETONA
flame front of
precedes the

2.5 DETONA
or vapor-air m

2.6 DETONA
speed of sour

The design of the flame arrester is symmetrical and each end is determined a

nd are mtended to prevent the transm|SS|on of detonation and deflagratlon

Lirpose of this Standard, the following definitions apply.

TIONAL — An in-line detonation flame arrester is determifned™to be bidirectio
ction of flow when:

e investigation shows that the flame arrester performs its intended function v
btion or deflagration approaching from either direction; or

approached by a detonation or deflagration from either direction.

mbustion wave propagates at subsonic velocity.

TION — An extremely rapid-burning of a flammable gas- or vapor-air mixture
the combustion wave propagates at sonic or supersonic velocity and a shoc
lame front.

TION, STABLE + A detonation that has a velocity equal to the speed of sou
ixture.

TION,NUNSTABLE (OVERDRIVEN)
d in the gas- or vapor-air mixture.

— A detonation that has a velocity highe

idirectional or

hal with

ith a

5 identical

bre the flame

where the
wave

nd in the gas-

r than the

2.7 FLASHBACK — The transmission of flame through an arrester.

2.8 TYPE | FLAME ARRESTER — A flame arrester that will not flash back when subjected to the
Endurance Burn Test.

2.9 TYPE Il FLAME ARRESTER - A flame arrester that:

a) Flashes back when subjected to the Endurance Burn Test, 11.2, and

b) Is marked with a continuous burn time.
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2.10 UNIDIRECTIONAL — An in-line detonation flame arrester is considered to be unidirectional with
regard to direction of flow if it is not symmetrical and is investigated with detonations approaching only
from one direction.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be

interpreted as

5 Terminology

5.1 The term
of this Stand

example, Sec
heading precq

CONSTRUCT
6 Materials
6.1 A flame 4

6.2 The casi
ASTM A395,

Exception: (

6.3 A gasket
assembly of 4
requirements
Materials for H

£ H o it lod 3 NHH £ il o3 ol 3 2l 2l
rereT g totheTratc St eurtoT o triat COOC~ O Stanaara:

"flame arrester” as used in this Standard refers to all flame arresters’coverec
d unless specifically noted otherwise in the text or in the headings precedin
ions 10 — 14 apply only to tank vent deflagration flame arresters; as noted in
ding Section10.

ION

rrester element shall be of a metal resistant-to corrosion under conditions of

ng or housing shall be of cast alumingm, stainless steel, ductile cast iron in aqg
br the equivalent.

ast, malleable, or ductile irontmay be used for a tank vent deflagration flame

such as one made of, animal or vegetable fibers shall not be used in the g
L flame arrester. Nonmetallic gaskets shall be noncombustible. For the pun
h material classed 5VA in accordance with the Standard for Tests for Flamma
Parts in Devices_and Appliances, UL 94, is considered to be noncombustible

by the scope
g the text. For
D.1 and by the

use.

cordance with

arrester.

onstruction or
pose of these
pility of Plastic
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7 Casings

7.1 The casing or housing of a flame arrester shall withstand the internal pressure resulting from
explosions without damage. See Explosion and Flashback Tests, Section 12 and Detonation and
Deflagration Tests, Section 18.

7.2 The casing or housing of an in-line detonation flame arrester shall be gas tight. See
Pneumatic-Leakage Test, Section 20.

7.3 Aflat joint in a flame arrester and a flat surface to be mounted to a tank or pipe shall be machined
to provide an arithmetical average roughness of not more than 250 microinches in accordance with the
Standard for Surface Texture, ANSI/ASME B46.1-1995. The machined surface shall provide for a joint

having a metat

7.4 All fasten

8 Provisions|

8.1 A flame 4drrester shall have provisions for flanged or threaded connection’ to pipe.

8.2 An in-ling]
without remoVv

PERFORMAN
GENERAL
9 General

9.1 The perfg
- 14,

9.2 The perfo)

9.3 Atthe ma
the Explosion
are able to beg
is marked in g

+ ol HPAEY + | o 4./4 b (o A \
Ui ianr widun UT TV 1TCoo rrart 177 1rrortd \U.‘f IIIIII}.
ngs shall be protected against loosening by some means such as lock{wash

for Connection and Inspection

detonation flame arrester shall be constructed to permit’ease of inspectior
ing the complete arrester from the system.

CE

rmance requirements for tank vent deflagration flame arresters are covered

rmance requirements for-in-line detonation flame arresters are covered in Seg

hufacturer’s requést, the Endurance Burn and Continuous Flame Tests, Sectic
and Flashback Tests, Section 12, and the Detonation and Deflagration Tesf
conductedwwith a different flammable gas or vapor than those specified whe
ccordance with 23.4.

9.4 The prop

”"R”, a nonleaded distillate consisting essentially of aliphatic hydrocarbon compounds

nesand n-hexane used in the tests is to be technical grade. The gasoline is

ersS.

and cleaning

n Sections 10

tions 15 — 21.
ns 11 and 17,

s, Section 18,
n the arrester

0 be Naphtha

and having a

specific gravity of 60 — 70 degrees API at 15.6°C (60°F).

9.5 With the exception of the Continuous Flame Test following the Endurance Burn Test 17.1.2, the tests

are able to be

conducted in whatever order is convenient.
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TANK VENT DEFLAGRATION FLAME ARRESTERS

10 Flow Capacity

10.1 The flow capacity of a flame arrester shall be determined at the operating pressures (both positive

and negative)

specified for the arrester by the manufacturer.

10.2 When a flame arrester is intended for use as an emergency vent, the flow capacity shall be
determined at the pressure at which the valve reaches the full open position. If the pressure at full open
position is greater than 2.5 psi, and the start to open pressure is less than 2.5 psi, the flow capacity shall
also be determined at 2.5 psi.

11.1.1 ATyp
and there sh{
conclusion of

11.1.2 A Tyg
11.3.5 and m4

11.1.3 When
components,

| flame arrester shall be subjected to the Endurance Burn Test described in 1
Il be no passage of flame, both during the test and when the ‘gas valve is
the test.

e Il flame arrester shall be subjected to the Continupus-Flame Test specifi
rked in accordance with 24.1(e).

a flame arrester is to be provided with cowls, weatherhoods, deflector
t is to be tested in each configuration in which.it is to be provided.

11.2 Enduramce burn test

11.2.1 The fl
a 1.9 percent

11.2.2 The flg
or mounted in
arrester. Whe

11.2.3 The ta
the mixture at

11.2.4 The by
acetate film, p

mmable mixture for the test is to be'a 2.5 percent mixture by volume of n-hg¢
mixture by volume of gasolinewapor in air.

me arrester is to be mounted on a tank so that the mixture emission is verti
the position for which.it'is designed and which will result in the most severe
n the arrester is provided with a vent valve, the valve is to be open for the te

hk mentioned in_11.2.2 is to be provided with a burst diaphragm at one end g
the other eng:

rst diaphragm is to be made of 0.0015- to 0.010-inch (0.038- to 0.2540-mm)
olyester film, polyethylene terephthalate film, or the equivalent.

1.21-11.29
closed at the

5d in 11.3.1 —

5, and similar

bxane in air or

cally upwards,
heating of the
st.

nd an inlet for

thick cellulose

11.2.5 The m

xture is to be introduced into the tank and is to be ignited by a pilot flame or spark plug at

the outlet of the flame arrester. The mixture may be reignited as necessary during the test.

11.2.6 Temperatures are to be measured on the surface of the protected side of the arrester element at
its center, at its edge, and halfway between the center and the edge.
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11.2.7 The concentration and the flow rate of the mixture are to be varied while maintaining a flame on
the surface of the arrester for at least 2 hours or until the temperature on the protected side has a
temperature rise of at least 100°C (180°F). After 2 hours or a 100°C rise, the procedure is to be continued
until the highest obtainable temperature is reached on the protected side of the arrester.

11.2.8 The highest obtainable temperature is identified as being reached when the temperature rise does
not exceed 0.5°C (0.9°F) per minute over a 10-minute period, regardless of the concentration and flow

rate.

11.2.9 The highest obtainable temperature is to be maintained for 10 additional minutes without additional
temperature rise after which the flow is to be stopped. Observation is to be made to determine if flashback

occurs.

11.3 ContinJous flame test

11.3.1 The fldme arrester is to be subjected for 1 hour (or longer at the manufacturer’s r

flame of a cor
by volume. T
used for the

11.3.2 The flg

tinuously burning mixture of gasoline vapor and air at a concentration of 1.9
e total burning time in this test until flashback occurs or the test is discont
arking in 24.1(e).

me arrester is to be connected as intended for installation:

equest) to the
+0.05 percent
nued shall be

a) Using the maximum length of pipe intended, if marked on the arrester in accordance with

24.1(3

b) Dis

c) Connected to the specific vent-valve intended, with the valve open for the test.

) and not less than 5 feet (1.5 m);

charging directly to the atmosphere when-intended for such use; or

11.3.3 The mjxture is to be introduced into thé&.inlet (tank) end of the test installation at the| rate specified
in Table 11.1 pnd is to be burned at the quilet face of the arrester.
Table 11.1
Rate of flow of gasoline vapor-air mixture
Pipe size JANSI B36.10 nominal Rate of flow
inches . :
Cubic feet per hour Cubic meters pery hour
3/4 5 0.14
1 9 0.26
2 35 0.99
2-1/2 55 1.56
3 80 2.27
4 120 3.40
6 235 6.65
8 408 11.55
10 716 20.28
12 1030 29.17
11.3.4 The mixture composition is to be continuously monitored during the test.
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11.3.5 The flow of the mixture into the inlet is to be stopped for 15 seconds every 10 minutes after
initiation of the test. There shall be no flashback, as determined visually, at any time during the test,
including the 15 seconds following the final 10-minute burning interval.

12 Explosion and Flashback Tests
12.1 General
12.1.1 A flame arrester shall not permit the passage of sparks or flame from the outlet (vent) end to the

inlet (tank) end of the arrester. Tests as described in either 12.2.1 — 12.2.11, at the manufacturer’s
request, or 12.3.1 — 12.3.12 are to be conducted to determine if passage of sparks or flame can ignite the

explosive mixture in the tank when the arrester is subjected to a series of explosions.

12.2 Explosi

12.2.1 The flame arrester is to be subjected to explosion tests as described in,12!2.2 —

propane-air m

12.2.2 A seri

at 3.0, 3.5, 4.0, 4.2, 45, 5.0, 5.5, 6.0, 6.5 and 7.0 percent propane by volume in air.

12.2.3 The flg
connected to
based upon th

a) A
with 2

b) A
c) Th
12.2.4 The tg
horizontal with

for vertical ug
inclination of t

bn tests

ixtures at atmospheric pressure over the range specified in 12.2.2)

es of at least 10 tests are to be conducted over the flammable range, which i
me arrester is to be installed in a pipeline of the diameter for which it is desigd

the inlet (tank end) is to be at least 5 feet (1.5 m) long. The outlet of the f
e intended use, is to be connected to:

4.1(a);

b-foot length of pipe, when it is intended to open directly to the atmosphere;

b intended vent valve, with the-valve open for the test.

st installation, including“the axes of the inlet and outlet pipes, is to be inc
the inlet end higherithan the outlet end unless the flame arrester is specifi

e only, in which’ case the flame arrester is to be tested in that position.
he test installation shall be such that the bottom edge of the opening of the t

inlet pipe is a

12.2.5 The dipmeter. of each pipe’s open end is to be reduced by a donut-shaped ring lo

into the pipe.

inserting the ring,'each end is to be closed by a pipe flange plate with a reduced opening th

ove the top-edge of the opening of the tank end of the flame arrester.

he.ring is to have a hole the size of the inlet or outlet line for the flammable

12.2.11 using

volves testing

ned. The pipe
lame arrester,

ent line of the maximum length of pipe intended, if marked on the arrester ifp accordance

ined from the
cally designed
The angle of
hnk end of the

osely inserted
mixture. After

readed for the

inlet or outlet line carrying the explosive mixture. The lines are to be attached to the fittings. See Figure

12.1.
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Figure 12.1
Explosion test apparatus
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12.2.6 A device for recording peak explosion pressure is to be connected in the inlet end and another
recording device in the outlet end of the test installation. Three spark plugs are to be provided in the outlet
end for ignition of the mixture; one 6 inches (152 mm) from the arrester, one 6 inches from the outlet, and
the third at the midpoint between the other two.

12.2.7 The mixture is to be prepared by auxiliary equipment capable of preparing and maintaining
predetermined concentrations within the limits specified in 12.2.2.

12.2.8 The mixture is to be introduced into the test installation until the original air is entirely displaced.
The mixture is to be continuously monitored.

12.2.9 When the mixture is as specified in 12.2.2, the lines and pipe flanges plates are to be removed
from both Inl t <Al Id uut:wt 'J;'JUO, al Id thc U}JUII;IIHD arc t\.l bU ;IIIIIIUd;GtU:y p:uyycd vv;th flre'reS|Stant,
cotton-like cloth. The mixture is then to be ignited in the outlet side of the test installation,

12.2.10 During each test, the installation is to be observed for propagation of flame through the flame
arrester.

12.2.11 At the conclusion of each test, the installation is to be purged of.residual gases wijth a stream of
air.

12.3 Flashback tests

12.3.1 The flame arrester is to be tested as described in 12.3:2 — 12.3.12 using a 4.2 percent mixture by
volume of propane in air.

12.3.2 When a flame arrester is to be provided with cowls, weatherhoods, deflectorg, and similar
components, it is to be tested in each configuratiorrin which it is to be provided.

12.3.3 The flame arrester is to be installed on.a tank as shown in Figure 12.2 (the tank may consist of a
fitting and a Igngth of pipe as shown).
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Figure 12.2
Flashback test apparatus
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12.3.4 The tank is to be provided with a burst diaphragm at one end and an inlet for the mixture at the
other end.

12.3.5 The burst diaphragm is to be made of 0.0015- to 0.010-inch (0.038- to 0.254-mm) thick cellulose
acetate film, polyester film, polyethylene terephthalate film, or the equivalent.

12.3.6 The flame arrester is to be enclosed in a 0.002-inch (0.05-mm) thick nominal, transparent plastic
bag. The dimensions of the bag are dependent on the dimensions of the flame arrester, but the nominal
dimensions are:

a) 68 inches (1727 mm) in circumference by 98 inches (2489 mm) long, or

b) 80

ViaYaloYa) AY (DD A0

12.3.7 The pl

12.3.8 Three
the flame arrg
between the @

12.3.9 The te
plastic bag to
test installatio

12.3.10 The mixture within the plastic bag is then to be ignited by the three spark plugs

one during eal
12.3.11 Betw
12.3.12 Durin

arrester. If prd
also be emiss

13 Hydrostalic Pressure Test

H [N i i £ =% 400 [N AN |
MUTCo (VU TTITTTH T UITUuUTTiieTolive Uy  TUUTTTIVTITC O (&JT U T ) TUT Iy.

hstic bag surrounding the flame arrester is to be provided with an outletfor t
spark plugs for ignition of the mixture are to be located within the plastic bag
ther two.

5t installation is to be filled with the mixture. The mixture flow is to be adjuste
inflate. The flow is to continue for at least 10 minuteS\so that all air originally
N has been displaced.

ch of three tests.

ben each of the three tests, the installation is to be purged with air for at lea
g each test, the installation is:{e’be observed for propagation of flame throj

pagation occurs, the mixturetwithin the tank will ignite, bursting the diaphra
on of flame.

13.1 Except

pressure of 250 psi (1725.kPa) for 1 minute without rupture or permanent distortion.

s noted in 13,2} a casing or housing of a flame arrester shall withstand

he mixture.

; one close to

ster, one as far away from the flame arrester as possible, andthe third at the midpoint

0 to cause the
present in the

n succession,

5t 5 minutes.

ugh the flame
om. There will

a hydrostatic

13.2 The cas|ng or fieusing of a flame arrester intended to open and vent directly to the atmosphere or

through not

kPa) for 1 minjute)without rupture or permanent distortion.

resthan 7 feet (2.1 m) of open pipe shall withstand a hydrostatic pressure o

f 125 psi (860

13.3 The hydrostatic pressure within the enclosure is to be gradually increased until the required internal
pressure is reached. Gaskets or other means may be employed if necessary to prevent leakage of water
during application of pressure.
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14 Corrosion Test

14.1 A flame arrester intended for marine use shall be subjected to the salt spray test described in 14.2.
After the test, all movable parts shall operate as intended and there shall be no corrosion deposits that
cannot be washed off.

14.2 Each threaded opening of the arrester is to be provided with at least 6 inches (152 mm) of pipe. The
assembly is then to be exposed for 240 hours to a 20 £1 percent sodium chloride solution spray at a
temperature of 25°C +2°, -3° (77°F +3.6°, -5.4°). Following the exposure, the assembly is to be allowed
to dry for 48 hours.

IN-LINE DETONATION FLAME ARRESTERS

15 Samples

15.1 Only ong¢ sample of each model of in-line detonation flame arrester being tested shall be used for
the Endurancg Burn and Continuous Flame Tests, Section 17, and the Detonatjon and Deflagration Tests,
Section 18.

Exception Noy 1: Additional samples may be used to map or chart unstable (overdrivgn) and stable
detonations ptior to beginning the series of 30 detonation and deflagration tests specified|in Section 18.

Exception No| 2: Two samples, or one sample for each direction,” may be used for the detonation and
deflagration tests on an asymmetrical bidirectional in-line detonation flame arrester. When two samples
are used, each sample shall also be used for the Endurance Burn and Continuous Flame [Tests, Section
17.
16 Flow Caphpcity

16.1 The flow capacity of a flame arrester shallbe determined at the operating pressure specified for the
arrester by th¢ manufacturer.

17 Endurance Burn and Continuous-Flame Tests
17.1 General
17.1.1 A Typeg | flame arrester shall be subjected to the Endurance Burn Test described in 11.2.1 —11.2.9

and there shall be no flashback or passage of flame, both during the test and when the gas Yyalve is closed
at the conclugion of the’test.

17.1.2 A Typg“lDflame arrester shall be subjected to the Endurance Burn Test describg¢d in 11.2.1 —
11.2.9 and shall also be subjected to the Continuous Flame Test specified in 17.2.1 — 17.2.5. The arrester
shall be marked in accordance with 25.1(c).
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17.2 Continuous flame

17.2.1 The flame arrester is to be connected for the installation that it is intended.

17.2.2 The flammable mixture is to be introduced into the inlet (protected) end of the test installation at
the concentration and rate used to obtain the highest temperature during the Endurance Burn Test. The
mixture is to be burned at the outlet face of the arrester.

17.2.3 The mixture is to be continuously monitored during the test.

17.2.4 The flow of the mixture into the inlet is to be stopped for 15 seconds every 10 minutes after

initiation of the test. There shall be no flashback, as determined visually, at any time during the test,

1 1 | Al £all H AN £ 40 H 3 [N H ot 1
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17.2.5 The tept is to be continued until passage of flame occurs or for the length of time specified by the
manufacturer.[ The total burning time in this test until flashback occurs or the test,is disconiinued shall be
used for the nparking in 25.1(c).

18 Detonation and Deflagration Tests
18.1 General
18.1.1 A flam arrester shall be subjected to the Detonation Tests described in 18.2.1 — 18.2.5 and the
Deflagration Tlests described in 18.3.1 — 18.3.3. There shall berno passage of flame through the arrester
during the tesjs.

18.1.2 The flammable mixture for the tests is to be a\4:2 percent mixture by volume of prgpane in air.

18.1.3 The flame arrester is to be provided with-lengths of pipe on the upstream (inlet) and downstream
(outlet) sides gs shown in Figure 18.1.
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Figure 18.1
Detonation and deflagration test apparatus
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18.1.4 The upstream length of pipe is to be provided with:
a) Alfitting at the outer end with an opening for inlet to the mixture and means fof mounting an
ignition source for the deflagration tests and a high energy ignition source for the detonation
tests, jand

b) A high frequency pressure transducer for measuring the explosion pressures, With the
transqucer located not more than 8 inches (203 mm) from the arrester inlet.

18.1.5 The downstream pipeis to be of the same diameter as the upstream pipe, with a |ength at least
ten times the piameter./The pipe is to be provided with:

a) Megans for-obtaining a sample of the mixture,
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and

frester outlet,

c) A plastic bag as described in 12.3.6 or a burst diaphragm, provided over the outer open end.

18.1.6 The flammable mixture is to be circulated through the test setup filling it to a test pressure equal
to or greater than the maximum operating pressure of the arrester. A method which meets the intent of
the requirement, is the use of a blower, the outlet of which is connected to the fitting on the end of the
upstream length of pipe. The inlet of the blower is connected to the auxiliary equipment that produces the
flammable mixture and the outlet is in the plastic bag on the downstream length of pipe. The auxiliary
equipment is to be capable of maintaining predetermined concentrations of flammable mixtures.
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