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Supmary

The performance of some crimped ribbon f'lame arresters has been
investigated using propane-air mixtures. The arresters were mounted in
horizontal tubing systems of various lengths filled with gas mixtures which
could be jgnited either at the open end or at the closed end of the tube.

The velocity of the flame that was just quenched by an arrester was directly
proporticnal to the thickness of the arrester and varied inversely with the
size of the crimps, provided that the size was less than the quenching diameter
for the gas mixture.

A comparison is made of the performance of crimped ribbon and other types
of arrester, which demonstrates the high effectiveness in flame quenching that
can be obtalned with suitable crimped arresters. The theoretical relation
previously found between the performance and the structure of perforated
sheeting and block arresters was in reasonable agreement with the results for
the erimped arresters.
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THE QUENCHING OF FLAMES BY CRIMPED BIBBON FLAME ARRESTERS
by
K. N, Palmer and P, 8. Tonkin

Intreduction

Crimped ribbon flame arresters are in wide industrial use. They are frequent-

"1y installed in ducting systems extracting flammable gases and solvent vapours,

and they have been recommended for use .in pipelines carrying premixed gases to

" burnmers in furnaces. These. arresters have the advantages of good flame-quenching

properties allied to conaiderable mechanical strength and thermal capacity. They
may be obtained in a range of sizes of aperture, dbut even with apertures of amall
size the blockage caused by the metal ribbon, and the resistance to gas flow, are
not large provided that the gas is clean and depoaition of dust etc. or corrosion
are prevented, If the apertures through the arrester ars unnecessarily small ‘
clogging may be a continual nuisance, whereas if the apertures are too large the
flame will pass through the arrester. It is necessary, therefore, to have

accurate desi. i date and this will depend on the system in which thqy are installed
as well as upon the composition of the flammable gas mixture.

Although crimped ribbon arresters are used in industry their use has been
largely based on previous experience with arresters installed in various systems,
and until lately there has been relatively little experimental investigation of 2)
their properties( « The major contribution has been the recent study by Gubbagé
of the arresting of town gas/air detonations by crimped ridbon arresters. These
detonatlions could be quenched, without mechanical damage to the arrester, if the
crimp height was sufficiently small and the arrester was sufficiently thick. In
most of the reported tests the crimp height was 0.7 in, ard an arrester of this
type whose thickness was 3 in. arrested a detonation propagating at 6,000 ft/sec.
In this case the arrester was the same diameter as the pipeline into which it was
inserted. Cubbage showed that if the arrester was contained in a housing of
greater diameter than the pipe, the detonation was checked as it entered the
housing and its velocity was reduced. If the length of the housing was not too
large, the detonation did not re-establish itself before the flame reached the
arrester and hence an arrester of lesser thickness could be used. Cubbage gave
details of housings and flame arresters suitable for protecting pipelines up to
I in. in diemeter, The results are likely to be applicable %to other fuel/air
mixtures, providing these have the same or lower burning velocities than town gas/
air mixtures. However, much industriel ducting would be unable to withstand the
pressure assoclated with detonations, and means have to be taken to keep flame
velocities down, e.g. by providing vents and by installing flame arresters near
the source of ignition. Consequently in many industrial applications the
arresters may be required to deal only with slower-moving flames, and crimps of
larger sire can then be used safely.

Where crimped ribbon arresters are installed in extraction ducting, the
paximum permissible drop in pressure across the arrester may be amall. As a
result, it is desirable to use a crimp size as large as possible, even when
the pressure drop is reduced by enlarging the ducting near the arrester. Uhder'
these conditions, the use of relief vents to keep flame velocities down 1is agnin
advisable.

Much of the remaiﬂing work carried out on crimped ribbon arresters has been
in con?egtion with methane drainage installations in coal mines, Maas and
Quaden carried out tests in which an arrester was inserted in tubes of 5 om
diemeter, having lengths up to 42 m, filled with town gas/air mixtures or _
mixtures of air with an industrisl gas which was mainly methane with 11.5 per
cent hydrogen, Tests were carried out with the gases initially quiescent or
flowing, and the igniter was either upstream or downstream of the arrester.

Maas and Quaden showed that under their conditions of test the arrester was able
to quench violent explosions, but no precise examination of the capabilities of
the arresters was reported; e.g. by measuring flame velocities. Further tests
on varioys erimped ribbon arresters, using methane/air mixtures, have been
reportedit); these tests incluled an investigation of the heating up of an
arrester by a flame stabilised on it.
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Measurements of the drop in preasure across crimped ribbo? 3n~eatera ’
with varisus gas flows, have recentiy been reported by Cu‘bba.ge
Lindlery

The .experiments described in the present Note were carried out with
crimped ribbon arresters having a range of cell sizes, most of which were
larger than those studied by Cubbage, in order to determine how the flame
quenching ability depended upon the cross-section and length of the passages
through the arresters. Comparison could then also be made with the behaviour
of sheet metal anmd block arresters, perforated with multiple circular holes,
which has already been described (6 j

EXPERIMENTAL

Materials and apparatug

The arresters congisted of a flat and a crimped metal ribben wound
spirally around a cemtral bob, Each arrester was made rigid by a metal rod
ingerted in a hole drilled along a diameter of the arrester and held in
position by an outer casing of brass. Each cell of the crimp was approximately
triangular, and with the smaller c¢rimps the triangles were approximately right-
angled (Plate 1). With larger crimps the triangles were more obtuse (Plate 2).
The arresters were mounted inside short lengths of perspex tubing, of the same
external diameter as the explosion tubing, in order to facillitate the insertion
of the arrester in the test system. Some characteristics of the arresters are
glven in Table 1; the external diameter of each arrester was approximately
6. 7 cm. and the thiclmess of the metal ribbon was 0,0069 cm, The equivalent
hydbaulic diameter of the triangular cell, liated in Table 1, was taken as

% where a is the area of cross-section of the cell and p is the perimeter.

The perimeter was measured directly from an enlarged photograph and the area
of the cell was either calculated, if the sides of the cell were straight
gplate 1%, or measured with a planimeter if the cell were appreciably cwrved
Plate 2 In each case a mean of at least eight determinations was taken;
the \rariation in perimeters and areas ranged from = 12 per cent for the small
erimps to ¥ 16 per cent for the largest. S
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TABLE 1

Charagteristics of the' orimped ribbon arresters

" "3 cemera;
an argon lamp flashing 50 times per second, or an electronic timer,

Noninal | Thickness | Total | Fraction of | , ... oo Equivalent
crimp of arrester {crimped | crimped area one cell hydraulic
height om, area open to gas diameter of

in, (y) en? flow cell

: om.  (d)
0.017 | 0.80 27.1 0.89 2.2 x 1073 | 0.035
0.02 0.80 27.0 0.90 4.7 x 10 0.057

.n 1.10 n o n - ]

) 10% ;] ] " n

" 2°55 [ [} 11} .}
0.048 1,25 25 .44 0.85 1.5 x 1075 | 0.11

" 1,90 25,5 " 1.5 x 10, | 0.10

3,20 2.0, n 2.0x 102 | 0.16

0.075 1,30 25.5 0.92 16.5 x 1075 | 0.18

n 2,55 2.5 0.9 6.4 x 10, [ 0.20

" 3,80 24,5 e 8.2 x 10 0.2,

" 5010 21‘-06 " 8.3 X 10 0.25
0.100 1.25 25.5 0,93 8.3 x 10 2 0.22

" 2,55 2.6 " 8.3x 107, | 0.23

" 3.80 2L n 9.8 x 10, | 0.27

" 5.45 25.3 " 9,6 x 0.27

The explosion tube system was mounted horizontally and was of perspex, the
internal diameter being 6.4 cm. and the wall thickness 0.6 cm, The length of
the tube and the position of the arrester were changed for different experimental
conditions; dQetalls of these arrangements are given in Fig. 1, The wide range
of run-ups (IJ, Fig. 1) between the igniter and the arrester was required in order
to obtain as wide a range of flame velocities as possible, since the velocity of
the flame as it reached the arrester depended upon the rum-up length. The tube
was straight, smooth, and free of obatructions.

The propane used-in the preparation of the explosive gas mixtures was
specified by the mamifacturers as being at least 97 per cent pure, and it was
mixed with atmospheric air in the explosive mixtures. In all tests with the
explosion tube system & L per cent by volums. propane/a.ir mixture was used, and .
it was stationary in the tube at the moment of firing.

Measurements.of fleame velocities near the arrester were made using a rotating
the speed:.of 'the drum was calibrated with either an osoilloacoPe
The camera
photographed the flame via two plane mir:-ors which reflected the top surface
of the tube into the camera; the lens was focussed at a point 2.1 om below the
interior top surface of the tube (1.1 cm above the axis of the tube), The reason
for this arrangement was that when viewed from above in a horizental tube, the
flame appeared.more symmetrical than when viewed from the side. Also, the
foremost part of the flame propagated about one centimetre above the axis of the
tube.



Procedure

Before uas the arresters were washed in .carbon tetrachleride to remove
oil and grease, they were .then dried and inserted in the explosion tube and
the . junction between arrester.and .tube was sealed with transparent adhesive
tape. The gas mixture was metered through the tube, allowing about ten
changes to purge the tube, and the supply was then cut off'. The quiescent
gas mixture was ignited by en induction spark from a small coll and the move-
ment of the flame near the arrester was recorded by the drum camera. The
veloclty of the f]ra.me was measured at a point 1.5 em from the arrester on .-
the approach side, although the velocity of approach was usually constant
over several centimetres near the arrester. The flame velocity was '
calculated from measurements of the slope of the flame front on the photo- &
graphic record and the speed of rotation of the camera drum; the value
cbtained was of course the velocity relative to the tube, and not relative
to the gas. . :

.

Results

Ignition at open end of tube

Arreaters made with the two smallest sizes of crimp, nowinally 0.017
end 0.024 in. (Table 1), did not allow the 4 per cent propane/air flames to
pass through them with any of the {tube lengths tested. The maximum flame
velocities attained in tests with these arresters, firing from the open end
of the tube, are listed in Table 2, together with the appropriate tube
lengths, v

The arresters with the larger corimps did permit some of the flames
(4 per cent propane/air) to pass. The results.obtained with these arresters
are shown in Figures 2 = 4, where the flame velocity is plotted against the
thickness of the arrester on logarithmic axes, and distinction is made as to
whether or not the flame passed through the arreater.

TABLE 2

Tests with arresters of small cell size; 3ignition at open end of tube
All flames arrested '

Usually an arrester was able to quench flames moving at velocities up to
a certain oritioal value, which depended on the dimensions of the arrester,

and failed to arrest flames propagating at higher veloocities;

Exceptional

behaviour was observed with arresters of the largest sised crimp, Fig. 4,
which failed to quench slow or fast flames but tended to be successful with

flames of intermediate velooity.

This point is discussed later.

Nominal Thicknesa Equivalent Maxirmam
crimp of arrester hydraulioc Tube flame velocity
height cm diameter of arrangement attained
in, cell (Pig. 1) cm/s
cm . S
0,017 0.80 0.035 vii 850 .
0.024 0.80 0.057 vii 800 -
" 1.10 " viii 3820
" - 2,55 " ix 2010 .
‘7
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Ignition at closed end of tube

--When the gas was ignited at the.closed.end of -the tube the expansion of the
combustion products.caused-the unbwrnt.gas-ahead of. the flame-to be. pushed along
the._tube towards the-open-end. As-the flame.approached-the arrester it mas <
propagating. through a ﬂast-muving—gaa stroan, and .the -oxperimental. .conditions'vwere
therefore different from those in tests.where ignition was at. the qpen end of. the
tube. . However, the arresters- -made with -the-two-smallest -slzes of crimp were: again
succesaful in quenching all the 4 per cent propane/air flames that could be
obtained with the various tube.lengths.. The.maximum flame velocity-obtained with
each arrester is given in Table 3, together with the sppropriate tube lengths.

-

TABLE

Tosts with arresters of small cell size; ignition at closed end of tube

All flames arrested

Nominal Thickness Equivalent o Maximum
.crimp of arrester hydraulic .. flame velocity
height cm, diameter of . Tube . . attained

in. cell arrangement cm/a

cm ~ (Pig.1)

0.017 0,80 0,035 " xii 6960
0.024 1.10 0.057 xiii 13200
0.024 1.90 " 0.057 xii- 8870

The results obtained with arresters of nominal crimp height 0.04L8 in. are
shown in Fig. 5, which is plotted on logarithmic axea. With the arrester of
intermediate thickness, 1,90 cm, there was a region of velocities in which the
flame was bright and clearlyhdefined as it approached the arrester but a faint

- and ill-defined fogging was recorded by the film on the remote slde of the
-arrester. Visual inspection of the explosion showed that when the flame reached

the arrester a faint glow developed in the gas on the remote side, a few centi-
metres away from the arrester, but the luminescence soon died away without
continuing to propagate down the tube. The light was not sufficiently intense

to be recorded by a cine camera. It was not clear whether or not the flame did
actually pass through the arrester, although it was clear that continued propaga-
tion did not occur. These results are shown by a special symbol in Fig. 5. -

Only one set of tests was carried out with arresters of nominal orimp height
0,075 in., with ignition at the closed end of the tube. With the arrester of
thickness 5.10 cm. all flemes passed through the arrester using the shortest
run-up length (Fig. 1, errangement x); the slowest flame velocity obtained was
2050 cm/s. No tests with ignition at the closed end of the tube were attempted
with the arresters of greatest crimp height (0.1 in., Table 1),

Flashback tests
; :

Bach of the arreaters was tested to determins whether flashback could ocour
of a flame burning on the arrester face. Flashback under these conditions would
indicate that at least one of the cells had an equivalent aulic diameter
greater than the quenching diameter. A 4 per cent propane/air mixture was passed
upwards through & short vertical tube having an arrester at the upper end., The
gas mixture was then ignited; so that the flame burned on the upper face of the
arrester, and before appreciable heating of the arrester occurred the gas flow
was suddenly cut off. The flame then either extinguished or flashed back through
the arrester.
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Flashback occurred with arresters of Q.1 in, crimp at all thickneasses
and with.the.thinpest.arrester of crimp height 0.075 in. With all the other
arresters the flame extinguished.
o DISCUSSION

Effectivenass.of crimped ribbon.srrestersg '

As. wonld be.expected, the effectivensss of the crdmped ribben. arresters
in stopping. the.propagation.of.flame.increased.as-the sige of the crimp was
reduced ‘and as.the -of- the arrester was increased. -Similar bebaviour
was described by Cubbage(2)-and was.reported previcusly in tests with arresters
made of. shasting.or blecks parforated._with-.c:l.rnnlar_holes“).. In-the latter
report it was shown that the velocity of approach of the flame that was just
able to pass through the arrester (V + v} was related to the thicknesa of the
arreater (y) and the number of holes in unit area of arrester (n) by

(V 4 v) = 247K (Tn = To) py (1)
xo '
Where
K is Thermal conductivity of flame gases
n is Kumber of apertures in unit area of arrester face
Q 1is .Heat lost by unit area of flanme.
Tp is . Mean temperature of flame gases in arrester
T, is Temperature of the arrester

V 1isa Flame velocity, relative to the unburnt gas

v is Gas velocity slong the explosion tube

X, is Thickness of flame propagating at standard burning velocity
y is Thickness of arreater

Although equation (i) appears to be independent of d, the aperture
diameter, it is not so, beceuse n is a function of d (see below). In the
derivation of equation (i) it was assumed that the gas through which the
flame propagated was in motion relative to the arrester, and that the gas
flow in the apertures of the arrester was fully established streamline flow,
i.e, entrance effects were neglected. It was also assumed that the apertures
were sufficiently close together for all the flame to be guenched on the walls
of the apertures and none on the face of the arrester., Equation (1) can only
apply if the diameter of the apertures is less than the gquenching diameter
of the gas mixture; if it 1s greater, i.e. if flashback can cccur, the
arrester would fail no metter what the thickness (y) was.

Although it was based on considerable assumptions, equation (i) was in
reasonable agreement with the results for arresters of perfarated sheeting |
and blocks(6 y - irrespective of whether the flame was propagating from the open
or the closed end of the tube, Values of the velocity of the flame that is-
just able to pass through the arresters were calculated from eguation (i)
for orimped ribbon arresters and are included in Figs. 2, 3 ?.ni. 5. The
following values were taken for the properties of the flames 6): )

Ke1.7x 10" cal en s %k
(T,~T,) = 1710°K

Q/xo = 2,32 x 10°2 oal/j.

¢ -

Hence equa.tion'.: (1) became (V + v) = 93 ny.
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As the flames ocbtained in the experiments were not sufficiently fast to pass
through the arresters with the two small sized crimps (Tables 2 and 3) no direct
comparison can be made between these results and the predictions of equation(i)
and in fact the predicted values of the flame velocity at which these arresters
would be expected to fail were considerably greater than the maximum values
obtained in the experiments. In tests with arresters of nominal crimp height
0.05 in. the line given by equation (i) was in good agreement with the results
for tests with ignition near the open end of the tube (Fig. 2). When ignition wes
at the closed end of the tube the agreement was less good (Fig. 5); equation (1)
overeatimated the efficacy of the thinnest arrester and underestimated that of
the thickest. -

With arresters of 0.075 in. crimps (Pig. 3) the predictions of equation (1),
where applicable, overestimate the performance of the arresters, However, with
these arresters the crimps were not so well formed and regular as in the other
arresters and -there was 8 good deal of variation in the areas of individual cells
(Plate 2). With arresters of the coarsest crimp, flames approaching with low or
high velocitiss passed through the arrester, whereas flames of intermediate
velocities were quenched (Pig.4). The failure of these arresters against flames
of low velocity, and the fact that flames burning on the arresters can flash beck
through 'them, indicate that in each of these arresters, there was at least one
cell whose eguivalent raulic diameter was ater than the quenching diameter,
which 1s 0.28 cm for a stoichiometric propanefzzr mixture(6), Accordingly,
equation (i) would not apply to these arresters and no theoretical points are
cbtainable, ' T

If “oneor more of the cells were larger than the quenching diameter, the
arresters should always fail. On the basis of the existing experimental informa-
tion, it is not clear why the arresters were able to quench flames moving at
intermediate velocities. Subsequent work with ethylene flames and perforated
metal arresters, which will be reported later, has shown that when the aperture
size was only slightly less than the guenching diamster, similar behaviour occurred,
Thus, in the testing of flame arresters whose aperture size is close to the
quenching diameter, it 1s clearly important that the arresters should be subjected
to flames propagating at low velocities, even if there is much higher velocity at
which flames are apparently just able to pass through the arresters.

Comparison of behaviour of different types of arrester

Information ias n?z aveilable on the performance of perforated sheeting and
block flame arreft3ra ), wire gauzes(7), and crimped ribbon arresters {this
Note and Cubbage 2 )} based on the velocities of the flames that the arresters
can just quench., All these arresters have a low resistance to gas flow. The
results reported by Cubbage(2 were obtained with atoichiometric_tqwq.gaa/hir
mixtures; the remaining results refer to stoichiometric propane/air mixtures.

A1l the available results are shown in Fig. 6, where log (V + v) is plotted
against’” 1log (hy). Bquation (i) predicts that (V + v), the velocity of the flame
Just quenched by the arrester, should be d&ireotly proportional to (ny), the
product of. the numher of aspertures in unit area of arrester and the thickness of
the arrester. In Fig. 6 the values of (V + v) were taken as the logarithmic mean
of the fastest flame quenched by the arrester and the slowest flame passing through
it. The values of n for aach type of arrester were calculated as the ratio of the
total area of the apertures in unit area of arrester face to the area of one
aperture. The values of the thickness of the arrester, y, were either the experi-
mental determinations or, with gauze, twice the diameter of the wires. The
variation of (V + v) with (ny), calculated from equation (i), is included as s
broken line in Fig, 6. '

Fig. 6 shows that the results for different types of arrester may be correla-
ted on a single graph, anmd that equetion (i) gives a fair representation of the
flame quenching ability over a wide range of conditions. For instance, equation
(i) holds approximately for flame velocitles from’under 102‘tb‘ovér'106'cm/hec,
although the equation does tend to.overestimatelithe flame velocity at which the
arrester just fails to quench the flame, It is particularly interesting that
the results for crimped arresters that can quench -tom gas /alr '
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detonetions, for which log (ny) is above 3, (i.e. ny >>1000) correlate with
the results obtained with much lower flame wvelocities using crimped ribben
and other types of arrester against propane/air flames, It is also clear
from Fig., 6 that the provision of arresters for flame velocities in the range
10% to 105 cm/sec has received little attention, although estimates of
arrester dimensions could be made by interpolation. The number of apertures
in unit area of arrester (n) is usually inversely dependent on the area of a
single aperture, ? icularly with crimped ribbon and gauze arresters. It
follows that nae a2 approximately, where d is the diameter of the aperture,
so that Pig. 6 may be regarded as demonstrating that (V + v) is approximately
proportional to y/d2,

CONCLUSIONS

1. The effectiveness of crimped ribbon arresters in ‘quenching propane/air- -
flames increased as the size of the apertwres was reduced, provided that the
apertures were smaller than the quenching diameter of the gas mixture.;.-Ths-
velocity of the flauz that.was just .quenched. was- inversely proportional to.
the area of the .aperture, approximately. L.

2. The velocity of the flame that was just quenched was also proportional to
the thickness of the arrester.

3. As arresters can be made with small erimp siges and 6f considerable thick~
ness they can be much more effective than gausze or perforated sheeting or
block arresters.

"

4. The results cbtained with crimped ribbon and other types of arrester .

against propa.ne/air flames can be correlated with each other, and with results

reported for crimped ribhon arresters that quenched town. ga.a/air detonations.
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Table 4.
Dimensions in cm of tube systems
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viii 29:2 569 9
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of tube XEii 76 960 61-0
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FIG. 2. THE QUENCHING OF FLAMES BY ARRESTERS
OF NOMINAL CRIMP HEIGHT O-048 in
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PLATE 1.

CRIMPED RIBBON ARRESTER, NOMINAL
CRIMP HEIGHT 0:017 IN. (ENLARGED

PHOTOGRAPH)

CRIMPED RIBBON ARRESTER, NOMINAL
CRIMP HEIGHT 0-100 IN. (ENLARGED

PHOTOGRAPH)

PLATE 2.





