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SUMMARY

The use of flame arresters to prevent the emission of propane-air explosions
from cubical vessels has been further investigéted. External protection of the
arresters with bursting diaphragms or magnetic panels has been shown to be
practicablée, and the effect of the covers on the explosion pressures was measured.
The presence of two-dimensional contents within the vessels, such as a shelf or
partition, increased the pressure particularly when more than 25 per cent of the
aross—-section of the vessei was blocked. Three-dimensional obstacles, such as
bulky components, increased the pressure.tg.a_leséer extent. Means of minimising
the increases were described. Flame arresters made from thermally resistant
metals showed marked improvement over those reported previously,sand permittéd
rediction in the required vent area; the area would then usually be governed
by the maximum pressure permissible rather than by the need to prevent thermal
damage tb the arresters. Increased explosion pressures were also caused by
mzitiple ignition sources, but the increases were relativelj small in the

presence of obstacles.
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THE PROTECTION OF EQUIPMENT WITH FLAME ARRESTERS, -
(2) EFFECT OF CONTENI'S, AND USE OF IMPROVED ARRESTERS.

by

K. N. Palmer and Z. W. Rogowski

INTRODUCTION

In industry, equipment able to generate a source of ignition such as a flame
or an electric spark may be used where flammable gases or vapours could be present.
If the flammable material penetrated into the equipment it could ignite, propagate
flame outside the equipment, and cause an external explosion or fire. The
initiation of flame is usually accompanied by an increase in pressure within the
enclosure. A method of protecting such equipment using flame arresters is being
investigated; the arresters cover vents in the casing of the equipment, thus
preventing the emission of flame, but permitting relief of the explosion pressure.
The method has several advantages including cheapness, relatively light construction
of the casing, and minimizing increased weight.

The firstipart of an investigation of the method has already been reported1.
Cubical containers up to 3 f‘t3 (85 1) were fitted with explosion reliefs protected
with flame arresters, and filled with a propane-air mixture which was then ignited.
The two main factors affecting the suitability of the method were:

1. the maximum explosion pressure, and

2. the extent of thermal damage to the flame arresters on repeated tests.

With the commercial arresters used the second factor was dominant, so that the
area of vent required was governed ﬁy the avoidance of oxidation and melting of the
arresters. In addition, for simplicity, the containers were tested without any
equipment content.

Before the method of protection could be applied to industrial conditions,
further information was required and some of this is given in the present Note.

The factors reported on here are:

1. The effect of external covers over the flame arresters.

2, The effect on the performance of the flame arresters of contents within '
the enclosures such as shelves, baffles and other obstacles, and three-
dimensional contents.

3. Whether improved performance of the arresters could be obtained by
changing the metal of which they were constructed, and using ribbon of |
highe;-melting point and greater resistance to oxidation.

L. Similtanecus ignition by several sources.
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The flammable gas used was again propane, which is a typical group I% gas. 1

The results given in the present Note, together with those reported ﬁreviously
enable the venting requirements of group II gases.and vapours to be assessed for a
wide range of industrial equipment of volume up to 3 £t° (/851 ). Inforiation is
now available on the economic size and distribution of venté, possible tyﬁes of vent
covers, and the influence on the explosion pressure of the layout of the équipment T
contents. TFlame arresters capable of quenching propane flames without sustaining

thermal damage mgy now be specified; these arresters are commercially availsble. A o

reasonably precise specification may now be drawn up for prototypes of equipment

protected with flame arresters, within the limitations outlined above.

APPARATUS AND MATERTIALS

Explosion vessels : ,

Three -sizes of cubical vessel were used, with capacities of % ft3 (9:1),
1 £4° (28 1) and 3 pt” (85 1). Each vessel had two open flanged ends giving
provision for bolting oh covers usually provided with four or five circular vent
openings to which flame arresters could be fitted; unused vents were cloaéd by
boltiné on blank plates. " One cover for the i f't5 (9 1) vessel had only one central
circular 0pen1ng 4.3 in (11 cm) in diameter. ‘

Table 1 shows the sizes and the number of vents used with each vessel.

Table 1 ;
Number and diameters of vents

Dlazzzzz of Volume of exp1051on vessel -
in om | 3 £t (9 1) 1 £t (28 1) 'F 3 £t (86 1)
. | -
i41.15 § 2.9 1 -5 - - | -
? "-
2n25 537 o 2 - r -
. [ -
. !
4230 | 11.0 1 - 1 -2 ]
! i

When all vents are situated on one cover it is useful to follow prefious

practice1 and to define the area of the vents by the ratio

K= Cross-—-sectional area of the explosion vessel
Area of vent or vents

-



All vessels had provision for the insertion of pressure gauges and the
ignition source. In tests other than those with'obstacles, one pressure gauge
was used and this was always sitvuated in the centre of one vertical wall of the
vessel. When obstacles were present, the pressure was measured on both sides of
them. One gauge was situated in a vertical wall 2 in (5 cm) away from the top
cover, the other gauge being in the opposite wall the same distance awsy from the
bottom cover. In the majority of the tests the igniting source was either situated
in the centre of the vessel or on the vertical axis of the vessel 2 in (5 cm).away
from either cover. o A

Excépt in the majority of the tests with obstacles and with protective covers
5 (A#O 1) cubical
enclosure, the open side of which was sealed with two layers of 0.0015 in (0.0038 cm)
thick polyéthylene film.

Flame arresters

over the arresters, the explosion vessel rested inside a 15.6 ft

The arresters were made from crimped ribbon and were of three types of
construction (Fig.1): commercial arresters consisting of a length of crimped and
flat ribbon wound round & brass central core, thus forming a circular arrester,
which was cased in brass. This type of arrester is designated as type a. Nickel
arresters were constructed as packs of alternate crimped and flat ribbons sandwiched
between two brass plates with appropriate central holes; the plates were soldered
to the edges of the ribbons. These arresters are designated as type b. "Incoloy™
arresters were assembled similarly to the nickel arresters but had no brass plates
on the outside and the ribbon was held together by welds made outside the venting
area. These are designated as type c¢. "Incoloy™ is a nickel-chromium-iron

alloy. Table 2 gives the details of all types of arresters used.



Table 2

Details of arresters

Diameter of | Type Ribbon Riﬂbon Crimp Thickness
arrester yP metal thickneszs height of
arrester
in cm in cm . in cm | in cm 3
. | Cupro- | 0.0025 | 0.0063 | 0,045 | 0.11 | 1.5 | 3.8 -
nickel
0,003 | 0.008 ‘ -
1.15 2.9 b Nickel | 0.005 | 0.013 |-0,020 ] 0.05| 1.0 | 2.5
¢ 0.007 | 0.048 ' -
;
3 e Incoloy | 0.0076 | 0,019 | 0.020 | 0.05| 1,0 | 2.5
; . . G e
i : -1 0,003 | 0,008 _ . T
2.25 5.7 b Nickel | 0.005 0.013 | 0,020 [ 0,05 1.0 | 2.5 - ' -
: : T 0.007 | 0.018 :

Cupro=~ [ 0.0025 0.0063 6.045 0.11 | 1.5 3.8
nickel )

4,30 [10.9] b | Nickel | 0.003- | 0.008 | 0.020 0.05]1:0 | 2.5 -
0.007 | 0.8 -

© Incoloy | 0.0076{ 0.019 | 0.020 { 0.05| 1.0 | 2.5 -

Pressure measurement and flame movement

Explosion pressures were defermined using variable-capacity or quartz-piezo
gauges and the pressure-time cﬁrves were recorded by photographing the screen of
a cathode ray tube to which the amplified signals were fed. At least two tests
were carried out with each set of experimental conditions.

The arrival of the flame at the arrester and at the ppposite cover was
timed using ionisation gaps, in the tests with the arrester protective coverings
only. o _ -
Flammable gas : -

4 four per cent by volume propane-air mixture was used throughout the tests;
the explosion vessels were filled by the displacement of air. : -
Obstacles

Several types of obstacles were used as simulated equipment contents:

o

a) orifice plate

b) shelf

¢) perforated metal
d) wire gauze

e) solid cube

f) solid bar .



The orifice plates and the shelves were made from 3§ in (0.3 cm) thick @ild

steel sheet. The sides of the obstacles were secured to the wall of the
explosion vessel by two or three set screws. Figure 2 shows orifice and shelf
obstacles each obstructing 25 per sent of the cross—sectional area of the
explosion vessel. These obstacles were used for several series of tests. In

one series the obstacles were -mounted parallel to the arresters and were situated
either 0.8 in (2.0 cm) above the centre of the vessel or 1% in (3.8 cm) away from
top cover or 2% in (6.3 cm) away from the bottom cover., With each position of the
obstacles the igniting source was either in the centre of the vessel or on its
vertical axis 2 in (5.1 cm) away from the top or bottom cover. When the obstacle
and the igniting source were both nominally at the centre of the vessel the
igniting spark was produced on the side of the obstacle remote from the arresters
This arrangement is shown at Fig.3. and it is designated as arrangement A. In

a further series of tests theobstatles were at right angles to the arresters;
central obstacles are shown in,afrangements B and C (Fig.3). Arrangements D

and E, also shown in Fig.3, are similar to arrangements B and C but with the
obstacles 2% in (6.3 cm) away from one wall and the igniting source 2 in (5.1 cm)
awgy from the same wall. Some tests were alsc carried out with vents distributed
between the two covers of the explosion vessel and central obstacles parallel or
at right angles to the arresters. These are arrangements F and H (Fig.}.); In
all thése tests the igniting source was at the centre of the vessel.

The perforated metal obstacles consisted of brass sheet perforated with
0.22 in (0,56 cm) holes and mounted in a light aluminium frame (Figure 4a).

Two obstacles were used, covering respectively 100 and 90 per cent of the

cross sectional area. The same frame could hold, when required, 6-mesh 20-3&&53
steel wire gauze (Figure hb). Both of these obstacles were tested with
arrangement A only.

The cube and bar, three-dimensional obstacles were constructed of wood
blocks covered with aluminjum foil. The proportions of the bar were 1 : 1 @ 2:
The obstacles were attached to the walls of the vessel by brackets of '
negligiblé arefs .

Tables 3 and 4 give details of the obstacles used for the 1 £t (28 1) and

% ft3 (9 1) explosion vessels respectively.



Table 3

Details of the obstacles used in 1 ft3 (28 1) explosion vessel

Pype of Per cent of c¢ross-sectional Volume of
obstacle area of the explosion obstacle
vessel blocked . £t3 1 T
25 ‘ - - .
50 - -
Shelf”
75 - -
90 ] - bl
- ]
25 -
) . v
Orifice 50 T T
plate
75 -~ - )
90 - -
Perforated 56 - -
metal ‘ }
50 : - -
Wire gauze 38 - - =
-
Cube 25 ¥l 3.5 -
’!
v
j Bar 50 | 7 -




The plastic-backed magnetic ferrite covers were made from 1/16 in
(0.15 cm) thieck 6 in (15 om) square sheets. The covers were anchored
at one side of the flame arrester, so that the sheets rested flat on
the mild steel mounting frame of the arresfer, ana weré thps‘held by
magnetic force over the whole qppe;.surfgce'of the frame. When the
explosion tock place the ferrite sheet was aeflééfed, béndiné 6céurring -
near the anchoring line. ) .
PROCEDURE _ N
Except in the majority of tests with the obstacles’and all tests

with protective covers, the explosion vessel rested inside the larger \\\
15,6 £t° (440 1) enclosure, The propane-air mixture was fed into the \

explosion vessel and passed into the outer enclosure through the flame \
arresters and from there ran to waste. A volume of gas equal to ten v .
changes of the larger enclosure was used for each experiment; throughout '

the charging period the gas in the outer enclosure was stirred by a fan.

After charging was completed the flammable mixture in the explosion

vessel was ignited. Absence of explosion in’ the outer enclosure .
indicated that the arresters contained the explosion within the explosion
vessel, Finally, the flammability of the gas mixture in the outer
enclosure was pro#ed by igniting it,

Visual examination of the arresters was made with every rig after
the completion of the tests. With arresters which were expected to
suffer damage, inspection was carried ocut after each test.

For experimental convenience in the majority of the tests with the
obstacles and in all the tests with protective covers, no polyethylene -
diaphragm was used in the ocuter enclosure and the charging was terminated

"after ten volumes of the explosion vessel had passed., -In these tests

the gases escaping through the arresters were dispersed by a fan.

. RESULTS ' - o ' -
Tests with protective covers ' ' : s n
The maximum bursting pressures obtained with vents covered with : g
plasfic_diaphragms are shown as 'a function of the diameter of the vents
in Fig. 7. These tests were carried out in the %vft3 (9 1) explosion
vessel with central ignition. Ail the diaphragms were clamped to the - -
periphery of the vents with mild steel flanges having 1/16 in (0.15 cm)
rubber gaskets. Three vents wefe used with the smaliest diameter

diaphragm, but only a single'vent for the other diaphragms (Fig.7).

-8 .-




Table 4
Details of the obstacles used in % ft3 (9 1) explosion vessel 3
‘ Type -of Per cent cross-sectional
o obstacle area of the
’ vessel blocked
g n
Shelf 50
5
25 -
Orifice 50
plate
5
Ignition -

In all experiments with a single igniting source the flammable gas was ignited
by an inductive spark, This was delivered from a 12 volt car induction coil acfoss
a1 mm gap.’

In experiments with the multiple igniting source three shrouded "Nobel Safety
Fuses" were used. These were situated on the axis of the vessel at distances
1.5, 6.5 and 10.5 in (3.8, 16.4, and 27 cm) from the bottom of the vessel, and
were initiated simultaneously with a 12 volt accumulator.

Protective covers

Three different types of protective covers were tested: a) plastic diaphragms;
B) solid covers either resting on the top of the arresfers or held by magnets;

Q) plastic-backed magnetic ferrite sheet.

The diaphragms were made from polyethylene film 0,0015 in (0.0038 cm) thick
or polystyrene film 0,014 in (0.036 em) thick., These were tested without arresters
in position and were either clampedaround the periphery of the vent opening, or
were clipped on the outside of the arrester holder. This method is illustrated,
in Fig.5. The solid covers were made from fibreboard skinned with aluminium foil,
the weight of these covers was varied by attaching lead sheets. The solid cove%s
held by magnets were of similar construction but four mild steel plates were !
attached at each corner, to engage the magnets situated on the periphery of the
arrester holder. Figure 6 shows the magnetic cover assembly with the cover

removed, and with a type of arrester. ¢

-7-.



A1l the pressure-time records obtained with polyethylene diaphragms,
and also the records with the largest polystyrene diaphragm, showed a
single pressure peak. The pressure declined sharply after the peak,
The remaining polystyrene diaphragms gave records with two peaks, the
second peak appearing at the time when the flame reached the bottom of
the explosion vessel. All the second peasks showed vibrations superimposed
on the pressure-time curves, and the maximum values of the vibrations were
two to threg/jimes the values of the first peak, which is that shown in
Fig.7.

_ A comparison of two different methods of mounting was made with the

2 ,p‘o’lyethylene diaphragms, Results for polyethylene clipped round the

-~

-’ .

periphery of the arrester holder may be compared with the results for
tﬁe diaphragm clamped round the vent, from Fig.B, TUsually with the
clipped diaphragms, only one peak was obtained on the pressure-time
record. However, on two occasions with the 2.25 in (5.7 cm) diameter
vent, a second peak appeared and gave maximum pressures up to 12 lb/in2
(0.85 kg/cmz). 7

The results given in Figs.7 and 8 were for vents not fitted with
arresters. Comparison of the maximum pressures, for vents with and

without arresters, may be made in Table 5. The arresters were Type a.

Table 5

Maximum bursting pressures with arresters covered by
clipped polyethylene diaphragms

Diaphragm ' No arrester Arrester
diameter on vent on vent
in om 1/in® | xg/en® | 10/in® | kg/em®
6.3 0.4l 6.7 0.L7 .
1.80 4.5 6.3 0.4l 6.0 0.42
5.8 0.1
2.1 0.15 1.5 0.11
5.0 12.5 2.3 0.16 2.3 0.16
2.4 0.17 2.4 0.17
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Tests with rigid protective covers were carrled out in the ~'ft3 (9 1)
vessel with central ignition. The covers were elther held magnetically
or were loose and rested under their own weight. Maximum explosion
pressures are shown in Fig.9 for the vent 4.3 in(11 cm) in dlameter for
both loose covers and covers held by magnetlc forces of 40 lb/ft
(2 x 1072 kg/on®) and 80 1b/ft> (3.9 x 1072 kg/on”). The increase in
maximum pressure with magnetic covers was direcfly additive to the
pressures with identical loose covers. A few tests were carried out
with a (Type a) flame arrester covering the vent; the maximum explosion
pressures are shown in Fig.9. The presence of an arrester slightly
increased the maximum pressure with loose covers, but had no effect
with magnetically held covérs. Tests with plaétic—backed magnetic
ferrite covers, over a flame arrester on the same explosion vessel,
gave a maximum pressure of 1.6 lb/in2 (0.11 kg/cmz) similar to that
for rigid covers (Eig.9); The ferrite covers closed after the explosion,
showed no damage after repeated tests, ‘

Further tests were carried out with the 2.25 in (5.7 cm) diameter
vent, and the results are shown in Fig.10. The magnetic force holding
the covers was kept constant, but the maximum explosion pressures were
scattered and were not markedly dependent upon the weight of the cover.
The pressure records for the magnetically held covers showed only one
peak, whereas with loose covers two peaks appeared. The second pesak
determined the maximum pressure, and it occurred towards the end of
the explosion. |
Effect of obstacles ,

Various types of obstacle, simulating equipment contents, were
tested in the 1 £t (28 1) and & £t (9 1) explosion vessels. A
summary of the results is given in Table 6, ful}er results are given
in Tables in the Appendix whioh include versions both in British and
in metric units.. The results in Table & show that obstacles such as
shelves or orifice 'plates covering a substantiai crogs-section of the
explosion vessel do cause markedAincreases in e&plosion pressures.

It should be emphasized that the results in Table 6 are for the most
adverse conditions of test, and that explosion ﬁressures were lower
for more favourable conditions (see Tables 12-24). The increases
in pressure may be mitigated by distributing thé vents favourably
relative to the obstacles and also by varying tﬁe position of the
igniting source. With a single shelf, obstaclé arrangement A, the

- 10 =




Summary of results for explosion vessels containing obstacles

Table 6

Volume of Maximum Maximum Turther
Type of Area blocked Obs tacle explosion | pressure without “pressure with details
obstacle by obstau%e, arf;@geggnt K vessel cbstacle obstacle Table
per cen 1g.
e | 1 1b/in° kg/cm'z 1b/in° kg/cmz numbe
Shelf a0 A 4.9 1 28 0.6 0. 04 4.0 0.28 12
: 90 B-B 4.9 1 28 0.3 0.02 1.6 0.11 17
90 A b8 | 1/s 9 2,3% 0.16 L, 7* 0.33 14
90 B-E 4.8 | 1/ 9 0.2 0. 01 3.4 0. 2k 16
90 F - 1/3 9 2.3 0.16 2.9 0.20 19
90 H - 1/3] 9 2.3 0.16 10.1 0.70 19
" Orifice 75 A 4.9 1 28 0.6 0. 04 2.6 0.18 13
plate 75 B-D 59 | 1| 28 0.3 0.02 0.4 | 0.03 17
75 B-D 48 | 1/ 9 0.2 0.01 0.5 0. Ok 16
75 F - 1/3 9 2.3 0.16 2.1 0,15 - 19
75 H - 1/3 9 2.3 0.16 2.1 0.15 19
Shelf and -
Ox'ifice pl&te 15’ = 4-9 1 28 0.6 O. Oll- 6-’8 O. 1}8 20
56 A 4.9 1 28 0.6 0. O 1.2 0,08 21
Perforated metal 50 A 4.9 | 1| 28 0.6 0.04 1.2 | o.08 22
Wire gauze 38 A Le9 1 28 0.6 0. 04 0.8 0..06 23
Cube 25 - 4.9 1 28 0.6 0, 04 1.1 0.08 2l
-Bar -+ 50~ - | :4.9 1 .] 28 0.6 0,04 0.6 |- 0.04 2h -

*acoustic maxima




highest pressures were obtained with the ignition source remote from the
arrester, and under these conditions alteration of the position of the
obstacle had little effect. The pressure,gra&ient across the obstacle
did not exceed 1 1b/in2 (0.07 kg/cmz), the main pressure drop being
across the vents. This pattern wés repeated for other obstacles and
vent érrangements. When two obstacles were mounted in the vessel, the
maximum explosion pressures were further increased. A shelf and an
orifice plate obstacle of various sizes were placed in the 1 ft3 (28 1)
vessel, and the maximum explosion pressures were higher than in experi-
ments with single obstacles, with the same venting arrangements.,  The
pressure gradient across the explosion vesselswas again small,

The other two-dimensional ébstacles, perforated metal and wire
gauze, produced relatively small increases in éxplosion preésure,

Both obstacles were used in the horizontal position and the ignition
source was remote from the vents in all tests,- Variation of the
position of these obstacles had little effect on the maximum explosion
pressure, Pressure gradients within the explésion vessels were again
small, From the practical point of view the use of perforated shelves,
chassis etc., in equipment would be much preferable to unperforated
alternatives, ) _

The three-dimensional obstacles, cube and bar, were supported so
that their centres were in the centre of the explosion vessel, The
sides of the obstacles were parallel to the walls of the vessel. The
maximum explosion pressures were obtained when the ignition source was
remote from the vents,

Thermally resistant arresters

Because of thé thermal damage reported eai'lier1 to the cupro-nickel
arresters, the use of metal ribbons having higher resistance to thermal
damage was investigated. Table 2 gives‘detaiis of arresters fabricated
in nickel (Type b) and incoloy (Type c). '

With nickel arresters the.maximum éxplosibn pressures obtained with
the thinnest and thickest ribbons are shown in Figs.11 and 12
respectively. Results for the ribbon of inte}mediate thickness,
obtained with one vent area only, are summarized in Table 7. All these
tests were carried out with the % £t (9 1) explosion vessel and, as
reporfed previously, the lowest explosion pressures were obtained when

the igniting source was near the vents. . With{multiple vents ‘the

- 12 =
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Table 7

Explosion pressures for nickel arresters, ribbon thickness . .
0.005 in (0.013 em) (/3 £t3 /5 17 explosion vessel, K = 65)

. Position of igniting Maximum explosion
} ' source relative ressure
- 7 to vent 1b/in kg/cm?
- Remote 30 2.1
- Centre 33 2.3
~ Near 27 1.9
I’;/ :
— ./,A Jl
L Table 8

Variation of explosion pressure with ribbon thickness,
nickel arresters (1 ft3 /28 1/ explosion vessel, K =40)

Ribbon thickness Maximum explosion
pressure
~ in. om 1h/in2 kg/cm2
0.003 0.008 16 1.1
0.005 0.013 17 1.2
0.007 0.018 19 1.3

- 13 -




highest pressures were obtained with the igniting source'remote from the
arresters, but with single vents simllar values were obtained with the
igniting source either remote fron the arrester or in the centre of thef
vessel. This behaviour was similar to that reported previously1. The
maximum explosion pressures did not depend markedly upon the thickness
of the ribbon. When two or more arresters were used (i.e. K not greater -
than 3L4) no damage to any of the ribbons was evident for any ribbon
thickness. With single arresters of the two thinner ribbons, some -
distortion was evident after two tests with the igniting source near
the arrester, and therefore a further six tests were carried out with -
each ribbon, Subsequent inspection showed that some sections of the "‘1g
crimped and the straight ribbon were distorted and gaps up to 0.02 in '
(0,05 cm) opened up between the ribbons (Fig.13 and 14). . In no case .
did an arrester fail and transmit the explosion. TFor the single
arresfers, the value of K was large (65), so that the area of vent was
only about 1.5 per cent of the area of the cover of the explosion vessel
and the maximum explosion pressure was impracticably high for industrial -
equipment generally. Within a practical range of explosion pressures,
no thermal damage to the arresters was obtained.

Nickel arresters were also tested with larger explosion vessels,
Results with each ribbon thiockness are summarised in Table 8 for arresters
attached to the 1 ft3 (28 1) explosion vessel, There was evidence that
the maximum pressure increased with ribbon thickness. In all tests the
explosion was contained within the vessel, and no structural damage was
observed to the two thicker ribbons, With the thinnest ribbon, some .
distortion was noticeable (Fig.15). The area of vent was again small,
being about 2.5 per ocent of the cover of the explosion vessel, and the
explosion pressures were again impracticably high., A larger area of ‘
vent would be needed for praotical purposes. Protection of the 3 ft3 -
(85 1) explosion vessel was readily obtained without structural damage
to arresters; details are summarized in Table 9. The maximum explosion b
pressures again increased with ribben thickness,

Incoloy arresters (Type c) were tested with the % £t (9 1) explosion
vessel, The results are shown in Fig.16, only one thickness of ribbon
being available, No thermal damage to the arresters was evident after
the tests. :

- 1L -



Table 9

Explosion preésures for nickel arresters on 3 ft5 (85 1) vessel

Ribbon ‘s ‘Maximum explosion
. . Position of
thickness Nu$2;:soﬂ X igniting pregsure
in, cm source /in? | kg/en?
Vel )
0.003 O.QOB 1 21 Remote 8,0 0.56
_: | e Centre 7.5 0.53
e Near 5.3 0.37 i
\5 2 10 Remote 2.2 0.15
- - : : Centre 0.11
- Near 0.9 0.06
0,007 {0018 | 1 =2 Remote 111 0.78
' _ Centre 12.6 0.88
. - S ' Near 8.7 0.61
2 10 Remote 2.9 0.20
- ) Centre 2.2 0.15 i
Near 1.2 0.08 ?
Table 10

Explosion pressures with multiple ignition source and obstacles
(Ignition remote from vent, K = 4.9, cupro-~nickel arresters)

- . 1 £t (28 1) explosion vessel

: L. Maximum explosion
- Ignition Obgtacle types, and ' pressure
- source percentage obstruction - 5
- : 1b/in kg/cm
- . None ' 1.1 0.08
- Multiple j
- Shelf and orifice, 75 k.2 0.30
- None 0.5 0.0
Single , . :
' Shelf and orifice, 75 2.8 0.27

- 15 -
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;
Multiple ignition sources 1

The maximum explosion pressnres obtained on’simultaneous ignition

with three large‘sources; may be compared with the values for ignition
with & single inductive .spark, in Table 10. The 1 ft° (28 1) explosion
vessel was used, with amdwithout internal obstacles, The pressure
increase caused -by .the multiple ignition source was relatively small in

the presence of -thé obstacles.
S,

_ -DISCUSSION °
Performance of protedtive covers ?

There is a: clear need for some form of protectlve cover for flame
arresters in certain environments The covers Would be required to
prevent accldental damage to the arresters and [the ingress of moisture
and dust into the eqpipment ca31ng. The neces§ery protection must be
obtained w1thout 1ncrea51ng the ‘maximum pressure to such an extent as
to adversely affect ‘the performance of' the arresters. In addition,
the covers should be ‘designed s0 - that damage or 1ack of maintenance
would reduce rathér than increase the pressure requlred for operation,
and:preferably thefperfcrmance cf the covers shéuld be predictable
enough to facilitate'design.. It would alsc befdesirable that covers
should be_robust enough not to be removed or daﬁeged accidentally,

The types of covef-6xamined, bursting diaphragmé‘and magnetic panels,
appeared to satisfy most of the requirements, efther directly or in
conjunction with an external mechanical shield.i

Both the polyethylene and the polystyrene iiaphragms showed that
the bursting pressure was inversely proportionaf to the diameter, a
convenient relation for design purposes (Fig.7). However, polystyrene
showed disadvantages which would restrict its uéefulness; it was
brittle and under some conditions tended to prcduce fluctuations in the
explosion pressure. These fluctuations caused the maximum pressure to
be higher than the pressure at which the dlaphragm burst, Over the
range of exp1051on pressures likely to be encountered in practice, up
to 2 1b/in2 (0,14 kg/bm )}, the polyethylene fllm behaved similarly
whether clamped,or¢c;1pped. In practical use thls type of diaphragm
would, of course;ireguire some form of externaltprotectlon; although
it 1s possible that for vents of larger diameter, on larger enclosures,

stronger plastic materials could in fact be used.

-7

- 16 -



As alternatives to bursting diaphragms, magnetically held covers
may be used, Their performance depends upon two factors; a) the
weight of the cover and b) the strength of the magnetic force holding
the cover (Fig.9 and 10). The maximum explosion pressure was related
directly to the weight of the cover, and with large vents the increment
in pressure caused by the magnets was proportional to the magnetic force.
The design formulae are thus simple and convenient. With smaller vents
a more compiex pressure-time curve was obtained, and the maximum pressure
appeared to be dependent on disturbances to the flame caused by movement
of the covers. (Fig.10).

Before either bursting diaphfagms or magnetic covers could be used
on an item of equipment, further develbpment work would of course be
necessary. In particular it would be important that the action of the
covers should not be affected by accidental damage or by normal‘maintenance
operations, including painting, but ‘the effectiveness of the principle of
vent covers has been demonstrated, The design of covers for a particular
piece of equipment is likely to require, at least initially; individual
tailoring of the design to that of the equipment and its usage.

Effect of obstacles ‘

The main purpose of the tests with obstacles was to assess broadly
the explosion pressure increments brought about by various types of
obstacles, in order to obtain some estimate of any limitations their
presence might impose on the method of protecting equipment with flame
arresters; For this purpose, the obstacles used were stylised, with
varying area and distribution of obstruction, to represent some of the
principal types of obstacle likely to be encountered in practice, f

Obstacles may interfere with the development of an explosion within
equipment by & number of means. = Because gas is expelled through the
arresters during the explosion, and is therefore set in motion within
the vessel, obstacles may generate additional turbulence in the gas,

It has been established that turbulence generated by solid objects
placed in the"patﬁ'of expan&ing“gases in én explosibn in a duct can
considerably increase the maximum explosion preSSurez. ' The‘principall
factors contribut“ing to the increased pressure, were the area of the
obstacle and the velocity of the gas in the neighbourhood of the -
obstacle before the arrival of the flame front, This velocity was
largely dependent on the length of the duct and the relative positions

of the vent, the obstacle, and the igniting source. The vessels used
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in the present 1nvestlgat10ns were compact the length to dlameter ratlo
beipg 1, and the distance available for generatlng ‘turbulence was '
relatively ‘Iéss than in ductlnga A further effect caused by
j-dimensional obstacies ﬁss the reduction in internal'fréé volume of
the vessel.  Because of the reduction the rate of discharge of gas
throﬁgh the vents would be less than from an ‘empty vessel and hence
the maximum explosion pressure would be reduced. The effests of, ; -
redyction in free volume and the generation of turbulence would s>§agz
the ﬁressure in opposing sehses, to an extent which could not be o
prejudged, o

The maximum explosion pressures obtained with various obstacles
are given in the Appendix and summarised in Table 6, and show that
under certain circumstances substantial increases in explosion pressure
were obtainéd. The obstacle arrangement tested in most detail was
that in which a shelf was placed parallel to the vents in the 1id of
the vessel (arrangement A, Fig.3). The highest explosion pressures
were obtained when the ignition source was remoteé from the'vehts,'as
in vessels without obstacles;'aﬁd the pressure was affected ﬁore'by-the
area of the shelf than by its position, During all tests, the pressure
differencé across the shelf was usually small compared with that between
the inside and outside of the vessel. A shelf perpendicular to the =
plane of the vents (arrangements B to E, Flg.,) generally produced
slightly fower exp1031on pressures than arrangement A.  With any of the

arrangements, pressures of 3~k lb/ln (0 21-0.28 kg/cm )could be obtained

under cﬂndltﬂons where in the absence of obstacle, the ‘maximum pressure
would be less than 1 lb/in (0.07 kg/bm ). The 1néreased explosion”
pressure due to the présence of a shelf obstacle could be lessened by
distribﬁting the vents over two walls of the vessel (arrangements F and
H, Fig. 3) particularly if the shelf were perpendlcular to the vents
(arrangement F). '

The incréases in pressure obtained with orifice obstacles were
similar to those with shelves although the flame propagated through
the explesion vessel rather than at the e&ges as with shelf obstacle.
The pressure difference across the orifice was again small compared

with that between the interior and exterior of the vessel.
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The explosion pressure was further increased when two obstacles were
present in the same vessel (Table 6); in these tests a shelf and an
orifice obstarle were used. As with single obstacles the principal
pressure difference was between the interior and the exterior of the
vessel, the pressure differences across the pair of obstacles being
relatively small. Sub-division of the obstructed area, as with wire
gauze or perforated metal, led to lower explosion pressures than with
the sheet-metal shelf obstacles; clearly, shelving within vessels
should be recommended to have sub-dividing apertures as this could
reduce the venting requirements.

All the obstacles considered so far were two-dimensional in form;
a cube or a bar gave considerably lower explosion pressures than flat
cbstacles having the same cross-sectional area.

No simple relationship between the geometries of the obstacles
and the vessel and the increase in explosion pressure was found.
Taken as a whole, the results indicated that the effect of sheet-metal
obstacles was to generate turbulence within the enclosure leading to
enhanced explosion pressures, As mentioned above, the principal
pressure difference occurred across the vent, rather than across the
obstarle, indicating that accelerated burning rates occurred within
the vessel as would be expected if the flame entered a turbulent
region on prbpagating past the obstacle. When the position of the
ignition source was such that movement of gas within the vessel was
minimized, as when the ignition source was near to the vent, then
explosion pressures tended to be considerably lower than when
ignition source was remote from the vent. With perforated metal and
wire gauze obstacles, the turbulence generated would be of different,
smaller, scale and range and clearly had a less marked effect on the
burning rate of the gas., TWith three-dimensional obstacles, the
turbulence produced by their presence was again probably of different
scale, and the increase in pressure due to turbulence would be
reduced by the smaller free volume of gas within the vessel,

In considering the results for practical application, the following

points may be made, Two-dimensional obstacles obstructing a high
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proportion of the cross-section of the vessel may lead to substantially
increased explosion pressures throughout the entire volume. The effect
of the obstacles may be reduced by their careful positioning relative
to the vents, and also by sub-dividing the area of obstruction. In
particular, the use of perforated metal sheeting, instead of solid
metal shelving, would appear to be beneficial, Three-dimensional
obstacles, such as bulky contents of the vessel, produce smaller effects
on the explosion pressure and, it may be anticipated, would not present
difficult problems in the arrangement of the contents of equipment
casings. It is not yet possible from available data to predict the
maximum explosion pressure in vessels containing obstacles, and at
present it is still necessary to carry out tests with each individual
item of equipment.  However, the results obtained with various two
and three-dimensional obstacles give a broad picture of the likely
increases in maximum pressure, and possible methods of reducing the
pressure have been illustrated.
Thermally resistant arresters

The results obtaiﬂed previously with arresters made from cupro
nickel r‘ibbon1 indicated that the satisfactory performance of these
arresters was governed by their ability to resist thermal damage. The
minimum area of these arresters that could be safely applied to
1 £t2 (28 1) of propane-air ranged between 24 in° (155 cm®) and 13 in
(8L cmz), depending upon the crimp height. Both nickel and incoloy

2

alloys gave a much better performance at an intermediate crimp height.
A comparison is given in Table 14 of the minimum areas of nickel and
incoloy ribbon arresters required per unit volume of propane-air
mixture‘exploded in various vessels, The minimum aress shown in the
Table were approximate because only a limited number of arrester areas
were available, With arresters of ribbon thickness 0.0C3 and 0,005 in
(0.008 and 0.013 cm) an arrester area of 3 in2/f't3 (0.68 cmz/l) was
inadequate, but the performance was satisfactory when the area was
doubled. With ribbon thicknesses of 0.007 and 0.0076 in (0.018 and
0.019 cm) an arrester area of 3 inz/ft3 (0.68 cmz/l) was satisfactory
and it was not possible to test smaller areas of arrester. The
arrester areas of 4 and 5 inz/ft3 (0.9 and 1.2 cn®/1) obtained with
the larger explosion vessels, were the smallest available for test;

with suitable arresters the areas could probably be further reduced.
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Table 11

Minirmum areas of arresters required to avoid structural damage

of the | mamen | Aerpster rivbon | Dammter of Ifusbor of | wea o unis veiise | explosion
vessel | metal i of flammable gas pressure
ft3 1 in cm in cm :'Ln2 -émz inz/ft3 cm2/1 lb/in2 kg/cm2
1/’3 9 |nickel | 0,003 | 0.008 1.151 2.9 2 2 13 6 1.4 10.0 0.7
1/3 9 |nickel 0.005 | 0,013 1.15| 2.9 2 2 13 6 i A n,d. n.-d.
1/3 9 |nickel 0.007 [ 0.018 . [ 1.15| 2.9 1 1 16,5 5ﬁ 0.7 30.0 2.1
1/3 9 |incoloy | 0,0076| 0,019 1.15 | 2.9 1 1 16.5 3 0.7 27.0 1.5
1 |28 |nickel | 0,005 | 0.013 2.25 | 5.7 1 L | 26 I 0.9 18.5 1.3
4 |28 |nickel 0.007 | 0.018 2.25 | 5.7 1 L | 26 I8 0.9 20.0 | 1.4
3 |85 |nickel | 0.007 | 0.018 4.3 110.9 1 14,5 | 95 5 1,2 12,5 0.9
3 {85 |niokel | 0.003 | 0,008 k.3 |10.9 1 %51 9 5 1.2 8.0 | 0.6

n.d. not
determined



In no test was there any melting of the metal ribbon but in some cases
distortion of thin ribbons bccurred, caused by thermal expanéion of
the metal, This type of damage may be prevented by careful design
of the arresters. The point may become particularly important with
gases having high fundamental burning velocities because it would be
necessary to use thin ribbons in the arresters in order to reduce the
resistance to flow caused by sﬁall crimp heights.

There was no marked difference in the performance of arresters
made from nickel or incoloy alloy, although their melting points
differed, indicating that resistance to oxidation and not only
elevation of melting point is a necessary property for the metal
ribbons. .

Multiple ignition sources

Three relatively large ignition sources were used simultaneously,
both with an empty explosion vessel and a vessel containing obstacles
(Table 10). The maximum explosion pressﬁres were higher than with a
single small ignition source, an electric spark, and were approximately
doubled in the empty vessel. However, the presence of obstacles reduced
the relative increase, possibly indicating that the maximum pressure in
the presence of obstacles occurred when the flame area was governed by
turbulence, and variation in the area of flame at the time of ignition
was no longer do@inant.

Practical aspects of technique

Sufficient laboratory work has now been carried out to show that
it would be practicable to use flame arresters to protect equipment for
use in propane-air atmospheres. As propane may be regarded as a
typical Group II gas, the same conclusion will apply to other gases in
this Group. From the information reported previously1, and in this
Note, the dimensions of vents required to keep the maximum explosion
pressure down to any pre-determined value may be obtained directly.
-For many applications a useful working maximum explosioh pressure
would be several 1b/in2, in many cases this would allow construntién
from sheet metal either by pressing or by welding of the casing.
Arresters able to safely protect such vents are described in this
Note; these arresters would not permit passage of flame through
their apertures and would not suffer thermal damage from repeated
explosions, For vessels with a small amount of intermal partitioning,

and with all vents in one side, the total vent area would need to be
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between 7 and 10 per cent of the area of the largest side of the vessel.
It is foreseen that this amount of venting could readily be provided for
most industrial equipment in rectangular casings; if difficulty were
experienced in accommodating all the venting on one side, then it may be
sub-divided between several sides and experiments have shown that some
reduction in total area of vent may then be permissible. All the data
obtained has been for cubical vessels, which is the worst case, and if
the same venting is applied to rectangular vessels, with one dimension
appreciably less than the others, then a safety margin is again
introduced provided that the vents are on the largest side of' the
vessel.

For vessels containihg delicate industrial equipment handled with
care, protection of the arresters against mechanical damage may not be
necessary. However, should protection be required it may be easily !
obtained by mounting an external strong metal shield over the vents1
and this may be enhanced by close-fitting vent covers which would
open if an explosion should occur. These covers may either be self-
closing after the explosion, or may burst and then need replacing.

Both types have their advantages in that either the equipment reverts
to its pre-explosion state, or an. external visual sign is given of the
occurrence of the explosion, The type of vent cover chosen would !
depend upon the ¢ircumstances of use. .

The -presence of contents within the equipment casing may increase °
the maximum explosion pressure, particularly if partitioning or shelviﬂg
is in position, The increase in explosion pressure is particularly
marked if more than 25 per cent of the cross-section of the vessel is
obstructed. There are a number of ways of overcoming the effect;
the vents may be enlarged to deal with the higher pressures, the
relationship between vent area and explosion pressure has been
discussed in detail1; Alternativeiy, the distribution of the vents
on the casing may be adjusted to reduce pressures, and if the position
of the likely igniting source is kmown, the shelving may be situated
s0 as to minimize its effect. The use of perforated sheeting, instead
of sheet metal,. is also beneficial and may be useful for some applica-
tions., Bulky contents within the casing have a lesser effect on
explosion pressure than partitions, and may in fact lead to a reduced
pressure if. the free-volume is substantially less, At present the
amount of venting required for equipment with a substantial amount

of contents would still need to be found by direct experiment.
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if a number of ignition sources appear 51mu1taneous1y, because of
multiple failures of the equlpment then the maximum exP1051on pressure
is 1nﬂreased but with shelv1ng or perfltlonlng present their effect
is llkely to cvershadow that of the multiple 1gn1t10ns. ' -

By using flame arresters for protectlon the exp1051on pressure is - -
vented safely and the casing does hot have to be so constructed as fc -
withstand the full pressure of an unvented exploslono " By suitdble o ]
adjustment of vent areas and fldme arresters the max1mum explosl' o -
pressure can be IOWered sufflczently to permlt a relatlvely llght
form of construction for the casihng. It is EHV1SEged for many
applications that a modified standard type of corstriction for
eqnipnenﬁ not designed for hazardous atmosnnenes may be ﬁséd, and -
the cost may be assessed accordihgly. 'he cost of siich eguipméiit '
proteeted with flame arresters would be approxiﬁately that of thé
standard item, plus the rost of flame arresters and fittings. ThHe
latter would be a falrly standard cost d:rectly additive fo thé = - "
orlglnal cost of the eqnlpment In the absence of véhting the '
costs would be_lnCreased by the heavier form of cotistriictioh Hegded
for tne casing, accompenied b& acourefe machining, the!cdst of which -
increases approx1mate1y in pr0port10n to the orlglnal cost of the
stanhdard casing. The ¢ost would then probably be of the order of
50 per cent over that of the standard casing. The flime arréstér
techniqne.clearly becomes particularly adsantageous when the initial
cost of eqnlpment is high, there is then a lsrge dlfference betwWeen =~ .
the *rved and pr0portnonate extra charges. ' -

In des1gn1ng eqnlpment casings protected wnth flame arresters
it is not on]y important to con31der theé ‘contents of the equlpment -
for which Jnformatlon glven in this Note is appllrable but also the
necess1ty to allow shafting etc. to pass through the oaslng to the : -
exterlor and also to consider ‘the type of lid reqnlred The ‘amolint
of clearance permlss1b1e for shafting and 1ids 1s clearly 1mportant
and at present relatlvely little information is avallable Also
because the flame arresters are an open structure to allow passage
of gas. they may also perm1t the dlscharge of hct metal parflcles
should a wire or other metal cnmponent fuse 1n31de the equlpment
The em:ss:on of hot partlcles might then Jead to 1gn1t10n of the
external gas mleure ~The exfent to wh:ch thls phenomenon may

occur with copper and with a]um1n1um w1res is be:ng Jnvestlgated
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CONCLUSIONS
Flame arresters on equipment casings may be covered effectively:with
bursting diaphragms or magnetic panels, '
The increase in pressure due to.the covers, in propane-air explosions,
was directly related to their strength or weight.
The presence of two-dimensional obstacles, such as shelves or orifice
plates, within the casings increased the explosion pressures, The
effect became important when more than about 25 per cent of the cross-
section was blocked.
Three-dimensional obstacles, such as bulky components, 1ncreased
explosion pressure= to a lesser; ‘extent than shelves stc.
Increased explosion pressures caused by obstacles could be minimised
by distribution and sub-division of the vents, by increasing their
area, or by u31mg perforated ‘shelves.
Flame arresters made from nlckel or a nickel-chromium-iron alloy,
were markedly more resistant: to-oxidation and melting than when
cupro-nickel was used. : E ‘
With the nickel arresters, tﬁe ﬁent area required would usually'be
governed by the maximum pressure permissible in an explosion, |
rather than by the need fo pfevent damage to the arresters,
Several large ignition souroés;;fifing simultaneously, caused
higher explnsion pressures than a single small source, The in&rease

was relatively small in the presence of obstacles,
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APPENDTIX
: Table 12 (British Units)
Effect of shelf obstacles on the maximum explosion pressure
17ft3 Explosion vessel
Two (Type. a) arresters 4;3 in diameter (K = 4.9)

_92..

Cbstacle arrangement A GV Vent
‘Maximum explosion preésure 1b/ 1'112 G Gauge
(means of two tests) I Ignition
Position of obstacle Position of obstacle Position of obstacle “Position of obstacle
blocking 25 per cent blocking 50 per cent blocking 75 per cent blocking 90 per cent
of the area of the area of the areas of the area
- - ) .. [ J T
Ign?t% on No Remote " | Centre |[Near | Remote Centre | Near | Remote |Centre | Near | Remote Centre | Near
position|obstacle
i Pressure
0.5 0.7 0.8 0.6 1.0 0.8 0.9 1.3 2.0 1.6 4.0 4,0 3.3 above
. obstacle
Remote :
_ o Pressure
0.6 0.9 0.9 0.8 1.1 1.0 | 1.0 1.6 2.4 1.9 3.6 4.0 2.7 below
. . ' obstacle
0.3 0.3 0.3 {0.3 | 0.3 0.4 |ou |02 |o6 |08 | o2 1.7 1.8
Centre
0.3 0.3 0.4 0.3 0.3 0.5 . 0.5 | 0.3 0.8 1.0 0.3 1.7 - 1.8
0.1 0.1 0.2 |o.2 0.2 | 0.2 0.2 0.1 0.3 0.4 | 0.2 | o.3 1.0
Near - . . N ) |
0.2 0.2 0.2 0.2. 0.2 0.2 0.2 . 0.2 0.3 0.5 0,2 0.3 0.9




Table 12 (Metric Units)

Effect of shelf obstacles on the maximum explosion pressure

Two (Type a) arresters 11 cm diemeter (K = 4.9)

28 1 Explosion vessel

Obstacle arrangement A
Maximum explosion pressure kg/cm

(Means of two tests)

1V Vent |
G Gauge
I Ignition

Position qf obstacle
blocking 25 per cent
of the area

Position of 6bsfacle
blocking 50 per cent |
of the area :

Position of obstacle
blocking 75 per cent
of the area

Position of obstasole
blocking 90 per-cent
“of the area :

-.lg -

Igniﬁion No Remote Centre Near| Remote Centre Néaf Remote Centre Near Remote Centre Near
position |obstacle , . . - .
0.0 | 005 | 0.06 |o0.04| 0,07 | 0.06 |0.06]| 009 | 0.1k |01 [ 028 | 028 |0.23
Remote | | N
' 0.04 .| 0.06 0.06 | 0.06{ 0.08 | 0.07 0,07 | 0.11 0.17 0.13 | 0.25° 0.28 | 0.19
0.02 0.02 | 0.02 |o0.02 0,02 | 0,03 |o0,03 | 0,00 ] o.00 |0,06 {001 | 012|013
Centre B - ’ ' : : R PO,
0,02 0.02 0.03 {0.02!| 0,02 0.04 -| 0,04 | 0.02 0.06 |0.,07 |0.02 |.-0.12 .| 0.3
0. 01 0.01 | 0,01 [0.01} 001 | 001 |00t | 001 | c.02 |003 |60i | 0,02 [o0.07
Near '
0,01 0. 01 0.01  0.01 | 0.01 0.01 0. 0t 0. 01 0,02 | 0.0 [o0.01 0.02 {0.06
N L t { v e o v

-Pre ssure

above
obstacle

Pre ssure
be low
obstacle
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Table 13 (British Units)

BEffect of orifice obstacles on the maximum explosion pressure

1 ft3 explosion vessel
Two (Type a) arresters 4.3 in diameter (K = 4,9)

" Obstacle arrangement A

Maximum explosien pressure 1b/in2

(means of two tests)

V Vent,
G Gauge

Position of wobstacle
bloeking 25 per cent
of the area

Position of obstacle
blocking 50 per cent
of the area

Position of obstacle
blocking 75 per cent
of the area

No

Ign?t?on Remote |Centre | Near Remoté Centre | Near |Remote |[Centre Near
position obstacle

0.5 0.6 0.6 0.€ 0.5 1.0 0.2 0.7 2.0 2.1
Remote

0.6 0.5 0,7 0,6 0.6 1.3 0.2 0.8 2.3 2,6

0-3 0.3 0-3 O.J.}, 015 003 005 Ooli' O¢3 0-6
Centre

Oa3 0.3 O¢}+ ' O-h— Oa} 004 0.6 0.3 O.)-I- O.?

0.1 0.2 0.5 | G.3 0,2 042 1.3 c.2 0.1 0,2
Near

0,2 0.2 043 0.3

0.2 0.3 1.5

0,2 0.2 0.3

“ I T Ignition

Preésure
above
obstagle

Pressure
helow
obstacle



Table 13 (Metrie Units)

Effect of orifice obstasles on the maximum explosion pressure

28 1 explosion vessel
Two (Type a) arresters 11 cm diameter (K = 4.9)
Obstacle arrangement A

Maximum explosion pressure kg/cm G Cauge

(means of two tests) I Ignition

Position of obstacle
blocking 75 per cent
of the area

Position of obstacle
blocking 50 per cent
of the area

Position of obstacle
blocking 25 per cent
of the area

No

Ign%t%on R=mote |Centre | Near |Remote |[Centre | Near |Remote |Centre | Near
position obstacle
) Pressure
0.0k 0.04 0.0k 0.0 0. 04 0..07 0, 0.05 0,14 0,15 above
Remote obstacle
Pressure
0,04 0,04 0,05 0, Q4 0,04 0,09 0.1 0. 06 0.16 0,18 be low
I : obatacle
0,02 ] 0,02 0.02 ¢, 03 0,02 0,02 0,04 0,03 0;02 0;04
Centre
0,02 { 0,02 0,03 Q.03 0.02 0.03 0. 04 C.02 0.03 0.05
\ . . . . .
0.01 0.0 |o0.02 |o02 |o.04 lo.or |0.09 |00 }o.01 |o.01
Near A

0.01

0,00 0,02 |c.02 |0.01 0,02 | 0,21 0, 01 0. 01 0.09
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‘Table 14 (British Units)

Effect of shelf obstacles on maximum explosion pressure

3 ft3 explosion vessel
One (Type &) arrester L.3 in diameter (K = L.8)

Obstanle arfangément A

2
Maximum explosion pressure 1b/in

. (means of two tests)

a

Position of obstaale
blocking 25 per eent
off the area

Position of obstacle
blocking 50.psr. cent
of the area

Position of obstacle
blocking 75 per cent
of the.ares:

Position of obstacle
blocking 90 per cent
- of the area

Ignition | No Remote- {Centre | Near |Remote |Centrie| Near |Remote |Centre| Near |Remote | Centre| Near
position |obstacle .
0.3 | o6 |06 |06 [o8 |os {08 |13 |15 [1.2 [33 | 32 |n2
Remote ‘ : | : _ .
0.3 0.6 |06 |05 |08 |08 |09 |2 [1.6 [1.2 |29 3477 b2
0.2 0.3 0.3 .2 0.3 0.4 Ok 0,2 0.7 0.8 0,3 1.8 1.5
Centre ) i - - - ) ‘ .
0-2 0.5 C.3 | 03 | 03 | Qok:| G5 [.0.3, |07 | 0.8 | 0.3 1.9 L [1.5
2,38 | 1.9 1.1 |03 |17 |08 G2 |55 |09 |03 | ks 1,0 .| 0.9
Near R R |
2.38 1.5 1.1 71 0.3 7| 2.0 0.8 | 0.3 {-6,0 0.9 0s3 | &7 0.8 0.9

a Acoustic

V-Vent
G Gauge

I Ignition

Pressure
above
obstaole

‘Pressure

be low
obstacle
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Table 14 {Metrie Units)

Effect of shelf obstacles on maximum explosion pressure

9 1 explosion vessel

One (Type a) arrester 11 cm diameter (K = 4,8)

Obstacle arrangement A

_ o 0
Maximum explosion pressure kg/cm

(means of two tests)

G V Vent
G Gauge

I Ignition

Position of obstacle
blocking 25 per cent

Position of obstacle
blocking 50 per cent

Position of obstacle
blocking 75 per cent

Position of obstacle
blocking 90 per cent

of the area of the area of the area of the area

Ign%t?dh No Remote [Centre| Near | Eemole [Centre | Near | Remote |Centre! Near | Remote |Centre{ Near
position |cbstacle .

0.02 0.04" 0,0 | O.04 0.06 | 0.06 | 0.06 0.09 | 0.11 0.09 0.23 | 0.23 | 0,30
Remote -

0,02 0,04 0.04 | 0.0k 0.06 | 0,06 0,06 | 0,08 | 0,41 0.09 0.20 | 0.22 | 0,30

0;01 0. 02 0402 0. 01 0,02 | 6,03 | 0,03 0,0 0.05 | 0..06 0,02 | 0,13 | 0,11
Centre .

0. 0,02 0,02 | 0,02 0,02 | 0.03 | 0,04 0.02 1 0.05 | 0,06 .02 | 0,13 | 0,11

0.16a | 0.13 | 0.08 | 0,02 | 0.12 | 0,06 {0.01 | 0.39 { 0,06 | 0.02 | 0.32 | 0.07 | 0.06
Near

0.16a 0.11 0,08 | 0,02 0,14 | 0,06 | 0.02 0.42 | 0.06 | 0,02 0.33 | 0,06 | 0.06

a Acoustic

Pressure
above
obstacle

Pressﬁre
below
obstacle
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Effect of shelf

Five (Type a)

Table 15 (British Units)

%~ft3 explosion vessel

Obstacle arrangement A

Maximum explosion pressure 1b/in2

(means of two tests)

arresters 1.15 in diameter (K = 13)

obstacles on maximum explosion pressure

a V Vent

G Gauge

I Ignition

Position of obstacle
blocking 25 per cent

Poéition of obstacle

blocking 50 per cent

Position of obstacle
bloeking 75 per cent

Ign?t%on No Remote |Centre Near |Remote |[Centre Near |[Remote [Centre Near
position obstacle
2.6 9.3 ) 3.7 6.2 5.8 5.8 7.8 7.6 8.4
Remote PP - JE S eimmemmns o« ol e s = e fre v o -
2-5 ?¢2 3-7 3-2 5-1“‘ }+.8 5-0 7.2 7.0 8;1
1.5 24 |20 1.8 |21 |28 |29 [1.3 |u&1 |8
Centre
1.4 1.9 1.9 1.7 1.9 2.4 2,7 1.2 3.8 Lody
0.9 1.2 1.5 Q.9 1.1 1.2 1,2 0.9 1.0 1.9
Near .
0,9 1.1 1.4 1.0 1.0 1.2 1.2 1.0 1.3 1.7

Pressure
above
cbstacle

Pressure
below
obstacle
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Table 15 (Metric Units)

Effect of shelf obstacles on maximum explosion pressure

9 1 explosion vessel

Five (Type a) arresters 2.9 om diameter (K = 13)

Ots%ecie arrangement A
Maximum explosion pressure kg/(;m2
(Means of two tests) -

@
V Vent

G Gauge

I Ignition

Position of obstacle
blocking 25 per cent
of the area

Position of obstacle
blocking 50 per cent
of' the area

Position of obstacle
blocking 75 per cent
of the area

Ignition

No

. L. Remote |[Centre Near Remote [Centre Near |Remote |[Centre Near
position obstacle
. Pressure
0.18 0.66 0.28 0.26 0.4k 0. 41 0.1 0.55 0.54 0.59 above
Remote obstacle
' Pressure
0,18 0.51 0,26 0.25% 0.38 0.34 0.35 0. 51 0.49 0.57 be low
' obstacle
0.11 0.5 | 0.14 ] o0.1% | 015 | 0.20 { 0.20 | 0,09 | 0.29 | 0.3
Centre
0.10 0.13 0,13 0.12 0,13 0,17 0.19 0..09 0.27 0.31
0. 06 008 |0.11 |o.06 |{o0.08 | 008 | o008 | 0.06 | o007 |o0.13
Near .
0.06 0.08 0.10 0,07 Q.07 0,08 0. 08 0,07 { 0,09 ~0.12




Table 16 (British Units)

Effect of shelf and orifice obstacles on the maximum explosion pressure

%—ft3 explosion vessel

One (Type a) arrester 4.3 in diameter (K.= 4,8)

—-i?g -

v v
i 16 P V Vent
Obstaole arrangements Lf G Gauge
ol 1 «d I Ignition
. o R 2
Meximum explosion pressure 1b/in
(means of two tests)
No obstacle Orif§§§c§232a°le Orifiizczzigaclﬁ Shelf obstacle blocking | Shelf obstacle blocking
ignition 50 per cent area 75 per cent area 75 per cent area 90 per cent area
Obstacle Obstacle Obstaecle arrangement Obstacle arrangement
Centre | Side arrangement arrangement '
B c D B c | o B ¢c o e |8 |c D E
] Pressure
0.2 | 0.2 0,2 0.5 0,2 0,2 0.3 0.3 0.6 0.5 0.3 0.3 2.6 1.1 above
; ignition
0.17 0.17
: Pressure
0.2 { 0.2 0.2 0.5 0.2 0.2 Cole 0.2 0.8 0.5 0.3 0.3 3.4 1.2 | below
ignition
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Table 16 (Metric Units)

Effect of shelf and orifice obstacles on the maximum explosion pressure

Obstécle arrangenents

9 1 explosion vessel
One (Type a) arTﬁfter 11 en diameter (K = 4,8)
¥ v

&

v
G '

&q

: . 2
Meximum explosion pressures kg/em”

(means of two tests)

G

V Vent
G Gauge

I Ignition

No obstacle‘

ignition

Orifice obstacle
blocking
50 per oent area

Orifice obstacle
blocking
75 per cent area

Shelf ' obstacle blocking
75 per cent area

Shelf obstacle blocking
90 per cent area

Centre Side

Obstasle ' Obstaglg Obstacle arrangement Obstacle arrangement
arrangement arrangément
B c | D B C D

B C D E

B c D E

0.1 c.

.01 0.0O1 0.1

0.04 | 0.0t | O,

0.02 { 0,02 | 0,04 [ 0.0k

0.02 { 0,02 | 0.18 | 0,08

0.01] 0.0 0.0

0.04 | 0.C1 0.0

0.03 | 0,01 | 0,06 | 0,04

0,02 | 0,02 | 0,24 0,08

Pressure
above
ignition

Pressure
below

ignition



Table

17 {British Units)

Effect of shelf and orifice obstacles on the maximum explosion pressure

Obstacle arrangements

1 't
Two (Type a) arre
v V :

v V

3

explosion pressure

sters 4.3 in diameter (K = 4.9)
L%

Maximum explosion pressure 1b/in

(means of two tests)

V Vent
G Gauge
I Ignition

Orifice obhstacle

Orifice obstacle

Shelf obstasle blocking

No obstacle . . Shelf obstacle blocking
ignition blooking blocking 75 per cent area 90 per cent area
50 per cent area 75 per cent area
Obstagle : Obstao_le‘ Obstacle arrangement Obstacle arrangement
arrangement arrangement
Centre Side
. i
B C D B c D B c D E B G D E
0.2 {02 [03 |oz2 [c2 o3 |oa (03 |03 o3 [1.4 o5 |41.1 |1.6
0.3 0.2 '
0.3 03 [03 |03 |03 |0y |05 {04 |Ck |0k |13 |06 1.3 [1.6

Pressure
above

ignition

Pressure

be low
ignition
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Effect of shelf and orif'ice obstacles

Obstacle arrangements

~

Table 17 {Metric Units)

i

Maximam exp1051on preSSures kg/cm

Loty

B (means of two tests)

on the maximum explosion pressure
28 1 explosion vessel

Two {Type a) arresters 11 cm diameter (K = 4.9)
v vV

V Vent
G Gauge

I Ignition

e
%
LT

No obstacle

Orifice obstacle
blocking

Orif'ice obstacle

Shelf obstacle blocking

blocking Shelf obstacle blocking
ignition 50 per cent area 75 per cent area 75 per cgnt area 90 per cent area
Obstacle Obstacle Obstacle arrangement Obstacle arrangement
, arrangement arrangement
Centre Side
B | ¢ D 7|" B c D B C D E B c | » E
0,01 | 0,01 | 0,02 | 0,01 | O.01 | 002 | 0,03 | 0,02 j 0,02 | 0,02 { 0,08 [ 0.04 | 0,08 | 0.11
0,02 0. 01
0,02 | 0,02 | 0,02 | 0,02 | 0,02 | 0,03 | O.04 | O,03 | 0,03 | 0.03 | 0,09 | O.04 | 0,09 | 0,11

Pressure
above
ignition

Pressure
below
ignition
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-Eff'ect . of - shelf -and..orifice obstacles on.the maximum explosion, pressure

Obstacle arrangement

Table 18 (British Units)

3£t

3

Five (Type a) arresters 1.15 in diameter (K
V Y

explosion vessel

v V¥ v V

Maximum explosion pressure lb/in2

(means of two tests)

V Vent

G Gauge

I Ignition

No obstacle
ignition

Orifice obstacle
blocking
50 per cent area

Orifice obstacle
blocking
75 per cent area

She1f obstacle blocking
75 per cent area

Shelf obstacle blocking
90 per cent area

Csntre Side

Obstagle Obstacle Obstacle arrangement Obstacle arrangement
arrangemnent arrangement :
B C D B C D B C D E B C D E

1.6 0.8

0.9 } 0.9 0.7

0.9 0.9 0.8

2.1 1.4 ) 2.3 1.6

3.7 2.1 5.7 2.6

1.1 1.1 0.8

.4 (1.1 0.8

2,3 (1.6 |2.5 |1.7

4,5 2.4 6.6 2.5

Pressure
above
ignitien
Pressure
be low

‘ignition




Table 18 (Metric Units)
Effect of shelf and orifice obstacles on the maximum explosion pressure
9 1 explosion vessel
~ Five (Type a) arresters 2.7 cm diameter (K = 13)

VV OV y vy

_6€_

Pressure
abave
ignition

Pressure
below

e V Vent
Obstacle arrangements ‘T ' I Ignition
‘ : : ’ T' G Gauge
- & &a.. L :
e 0 e
... Maximum explosion pressure kg/cm
. (means of two tests)
No obstagle | Orifice obstacle | Orifice obstacle | g.1p Ghitacle blocking | Shelf obstacle blocking
s e blocking blocking . N
115n1t10n 50 per cent area 75 per cent ares 75 per cent area 90 per cent area
Obstacle Obstacle o _
Contre | Side arrengement arrangenent Obgtacle arrangement Obstacle srrangement
B [ ¢ D B | ¢ D | B c D E (B | ¢ D E
0.06| 0.06 { 0,05 | 0,06 | 0,06 | 0.06 | C;15 | 0,10 | Q.16 0,11 | 0,26 | 0.15 | 0.40 .0.18
011 | 0,06 .
0,08( 0,08 { 0,06 | 0.08 | 0.08°| 0.06 | 0.16 | 0.11 | 0.18 | 0.12 | 0.31 { 0.17 | 0.47 [ 0.18

ignition
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Table 19 (British Units)

Effect of. shelf and orifice obstacles on the maximum explosion pressure

Obstacle arrangements

1t explosion vessel

Four {Type &) arresters 1,15 in diameter

mpeg

Maxilrum exblosion pressure 1b/in

{means

of two tests)

V Vent
I Ignit

G Gauge

ion

Orifice obgstacle

Orifice obstacle

blocki . bloakin Shelf obstacle blocking |Shelf obstacle blocking No
50 per genzgarea 75 per centgarea 75 per sent aresa 90 per cent area obstaole
Obstacle arrangement F 2,2 2.1 2.4 2,3
2.0 1.8 2.2 2.9
2.3
Obstacle arrangementH 1.7 1.8 2.3 S. 4
2,0 2.1 L.0 10.1

Pressure
above
ignition
Pressure
below
ignition

Pressure
above

ignition

Pressure
below

‘{gnition
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Effect of shelf and orifice obstacles

Obstacle arrangements

-

T

Table 19 (Metric Units)

9 1 explosion vessel

& L

v v Vv
NG G

G
Vyv

' v
~ Maximum exgiosion pressure kg/om

(means

of two tests)

on the maximum explosion pressure

V Vent

I Ignition

G Gauge

Orifice obstacle

Orifiice obstacle

Shelf obstacle blocking

. e Shelf obstacle blocking No
blocking blocking
50 per cent area|75‘per cent area 75 per cent area 90 per ecent area pbstaclgz

Obstacle arrangement F 0.15 0.15 0.17 0.16
O.14 0.13 0.16 0.20

0.16
Obstacle arrangement H 0.12 0.13 0.22 0.66
0.14 0.15 0.28 0. 71

Pressure
above
ignition
Pressure
below
ignition

Pressure
above

ignition

Pressure
below

.} ignition



Table 20 (British Units)

1 ft3 explosion vessel

Effect of two obstasles on maximum explosion pressure

Two arresters (Type a) 4,3 in diameter (K = 4.9)

Maximum explosion pressure lb/inz

(means of two tests)

Type of obstacgle Ignition Pressure above Pressure below
and ares obstructed Obstacle position position obstacles obstasles

per cent
Orifiee 25 Remote St T YO

Remote 1. 5 1. 3
Shelf 50 Near
Orifice 75 Remote

Remote - 2,6 2,8
Shelf 75 Centre
Orifice 75 Centre ' 7

Remote 4.2 4.5
Shelf 75 Remote
Orifiige 75 Near

Remote 6.6 6.8
Shelf 75 Centre
Orifice 75 .Cehtxe:.

' Remote 3¢5 3.8

Shelf 75 NeaTo:

Py
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Table 20 (Metric Units)
Effect of two obstacles on maximum explésion pressure
28 1 explosion vessel _
Two arresters (Type a) 11 cm diameter (K = 4.9)
Maximum explesion pressure kg/qmz

(weans oftwo tests)

Type of obstacle _ Cas .
and area obstructed Obstagle position Ign%t}oq Pressqre above Pressure below

position obstacles obstacles
per cent
Orifice 25 Remote

Remote 0.09 0.1
Shelf 50 Near
Orifice 75 Remote

Remote 0.18 0.20
ghe 1f 75 Centre
Orifice 75 Centre

Remote . 0.30 0.30
Shelf 75 Remote
Orifice 75 Near

Remote 0.47 0.48
Shelf 75 Centre
Qrifice 75 Centre

Remote 0.25 0.27
Shelf 75 Near




Table 21 (British Units)

Effect of perforated metal obstacle on the
maxinum explosion pressure

3

1 £t~ explosion vessel

Two (Type a) arresters 4.3 in diameter. (K = 4.9)

2
Maximum explosion pressure 1b/in

Ignition She 1f Pressure above Pressure below
position position shelf shelf
Remote Remote 1.2 1.2
Remote Centré 1.2 1.2
Rémote * Near © 0,7 0.7

Table 22 (British Units)

Effect of perforated metal shelf obstaole of area
90 per cent of cross-sectional area of the vessel

1 ft3 Explosion vessel

T™wo (Type a) arresters 4.3 in diameter (K = 4.9) V Vent
Obstacle arrangement A ) G Gauge
Maximum explosion pressure 1b/in T Tgnition

(means of two tests)

Pogition of obstacle
Ignition No
position obstacle Remote Centre Near
Remote 0,6 1.2 1.1 0.9
Centre 0.5 0.6 0.6 0.5
Near 0.k 0.5 0.5 0.4




Table 21 (Metric Units)

Effect of perforated metal obstacle on the
maximum explosion pressure

28 1 explosion vessel
Two (Type a) arresters 11 cm diameter (K = 4.9)

Maximum explosion pressure kg/em

Ignition Shelf . Pressure above | Pressure bhelow

position position shelf 'shelf
Remote Remote 0,08 0.08
Remote Centré 0.08 0.08
Remote ' Near 0.05 _; 0.05

Table 22 (Metrie Units)

Effect of perforated metal shelf obgstacle of area
90 per cent of oross-sectional area of the vessel

28 1 explosion vessel
: Two (Type a) arresters 11 cm diameter (K = 4.9)
Obstacle arrangement A
Maximum explosion pressure kg/cm2
(means of two tests)

]

Position of obstacle
position | obsteole | Remote | Cembre | Wear
Remote 0. 04 0.08 0.08 0. 06
Centre 0.04 0,04 0. 04 0, 04
Near 0.95 0. Ok 0. 0k 0.03

- 45 -

GV'Vent

G Gauge
I.Ignition

1



Table 23 {British Units)

Effect of 6 mesh gauze obstacle on the
maXximum explosion pressure

3

1 £t7 explosion vessel

Two (Type a) arresters 4.3 in diameter (K = 4.9)

Ignition Gauze Pressure above Pressure below
position pqs}tion gauze gauze
Remote Remote 0.7 0.7
Remote Ceptre 0.8 : 0.8
Remote Near 0.6 0.6

Table 24 (British Units)

Maximim explosion pressures with three
dimensional obstacles

3

1 £t~ explosion vessel
T™wo (Type a) arresters 4.3 in diameter (K = 4.9)

: Maximum pressure
Type of ohbstacie
ib/in?
6 in cube 1.1
6 x6x 12 in bar 0.6

- L6 ~




Table 23 (Metric Units)

Effect of 6 mesh gauze obstacle on the
maximum explosion pressure

28 1 explosion vessel
Two {Type a) arresters 11 om diameter (K = 4.9)

. 2
Maximum pressure kg/cm

Ignition " Gausze Pressure above Pressure below P
position position gauze gauze ‘ -
Remote Remote 0.05 0.05 =
-
Remote Centre 0.06 0,06 _
Remote Near 0. Q4 0,0k
Table 24 (Metric Units) —
Maximum explosion pressures with three
dimensional obstacles
28 1 explosion vessel
Two (Type a) arresters 11 cm diameter (K = 4.9)
\ Maximum pressure
Type of obstacle kg/cm2
15 em cube 0.08
15 er x 15 em x 30 cn bar 0. 04 _‘
&

- 47 -



TYPE A TYPE B TYPE C

VARIOUS TYPES OF ARRESTERS

FIG. 1



ORIFICE AND SHELF OBSTACLES BLOCKING
25 PER CENT OF THE CROSS-SECTIONAL
AREA OF THE VESSEL

FIG. 2
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Obstacle v v

N g W oy
—G  v—vent '
RN | — Ignition
N G— Pressure -gauge.

o

A

A— Obstacie parallel to the arresters

\" \ \' \'4
Iy I o L
—G Obstacle —~G

[

* [

|L/) !

G— ' G—
B : C

B— Central obstacle at right angles to the arresters

C— Central qbsiacle at right angles to the arresters,
top touching the cover '

\4 ' : v \4
A py IR I I g, I e

:9//Qﬁmm | | e
65

. Le5ecm
. t | (242)
I §:5cm

D ' E

D— Obstacle near centre of one wall

E— Obstacle near centre of one wall, top touching the cover

\4 \'4 \ \ ‘
M_ G Obstacle : —'_"—J—HLG
(-
G— G—
V F V ‘ V H V

F— Vertical central obstacle with distﬁibutcd vents
H— Horizontal central obstacle with distributed wvents

FIG. 3. VARIOUS ARRANGEMENTS OF VENTS AND

OBSTACLES
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WIRE GAUZE OBSTACLE

PERFORATED METAL OBSTACLE

FIG. 4
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Diaphragm

rester mounting frome

Clip

7

1\

\

Explosion vessel cover

Space normolly occupied .
by the arrester

FIGS5. METHOD OF CLIPPING THE DIAPHRAGM TO THE ARRESTER HOLDER



MAGNETIC COVER ASSEMBLY WITH THE
ARRESTER COVER REMOVED

FIG. 6
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MAXIMUM BURSTING PRESSURE —kgfjcm?

o
A
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DIAMETER OF DIAPHRAGM— in

h——————2 3 -

®-Clamped

X -Clipped . 6
983 ft’)explosion vessel

Ignition source central

" MAXIMUM BURSTING PRESSURE — :bf/in"’

l . . ] ‘ ' 41

> DIAMETER OF DIAPHRAGM —cm

FIG8. EFFECTOF THE METHOD OF MOUNTING OF POLYETHYLENE DIAPHRAGMS
ON THE MAXIMUM BURSTING PRESSURE
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MAXIMUM EXPLOSION PRESSURE ~kgf[cm?

. 1/75'14..

-
-

. ' WEIGHT OF COVER— (bf tt? |
| - 10 12 14 16

X —Loose cover ' -
[ —Cover held by magnetic force 2x10 kg[cm (40lblft )

O Cover hald by magnetic fore 3-9x 102 kg[cm (BOIb[ ft )
- Indlcotns the presence of arrester

92(3 ft*)vessel with a single -11cm (4-3in) dicmeter vent

0]

O 1

1-

WEIGHT OF COVER kg[

FIG.9. RELATION BETWEEN MAXIMUM PRESSURE AND THE WEIGHT OF VENT COVER
OR THE WEIGHT OF THE VENT COVER PLUS FORCE OF THE MAGNETS

MAXIMUM EXPLOSION PRESSURE *
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. WEIGHT OF COVER —Ib/ft? .
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O—Loose covers
A —Covers held by magnets 1420 kg/m? (2901b/ft?)

9410, vessel with a single 5:7cm (2-25in) diameter vent

MAXIMUM EXPLOSION-PRESSURE —kgt/m”*
e
®

MAXIMUM EXPLOSION PRESSURE —Ibt/in?

Pressure obtained
with arrester only

' A.O R . 60 - 803
WEIGHT OF COVER—k
FI1G.10. RELATION BETWEEN MAXIMUM PRESSURE AN THE WEIGHT OF THE VENT

RO COVER OR THE WEIGHT OF THE COVER PLUS FORCE OF MAGNETS

'.’ nr"- 1



|

1./7 SI{G

’ F‘Qr @58

N
£
9
» g‘ NUMBER OF ARRESTERS
5 3 2 1
E 1 T T T *.‘1'100
7 s N
W -
s &
% .
)
G2 7
5
2 1
Z
g © _10
| .
_‘
-1
— / 1-0
/ / :
.
-
g N N N E N 11 LI_LIIIIO,1
1 10 100
K
Position of the igniting source
0 — Near
A — Centre
O — Remote

Nickel arresters (type b) o
Ribbon thickness 0-008cm(0-003 in)
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MAXIMUM EXPLOSION PRESSURE — Ibf/in?
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K
Position of the igniting source
O — Near
A — Centre

O — Remote

Nicke! arresters {type b)
Ribbon thickness 0:-018cm (0O-007 in)
9t (V13ft®) explosion vessel

FIG.12. RELATION BETWEEN THE VENT AREA AND
THE MAXIMUM EXPLOSION PRESSURE
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Damaged

Undamaged

NICKEL ARRESTERS TYPE B
RIBBON THICKNESS 0. 005 in (0. 013 cm)

FIG.13
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FIG. 14



DAMAGED AND UNDAMAGED NICKEL ARRESTERS
TYPE B RIBBON THICKNESS 0. 003 in (0. 008 cm)-

FIG.15 -
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