UNIVERSITY OF LEEDS

This is a repository copy of Experimental investigation of potential confined ignition
sources for vapour cloud explosions.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/160394/

Version: Accepted Version

Proceedings Paper:

Gill, J, Atkinson, G, Cowpe, E et al. (2 more authors) (2019) Experimental investigation of
potential confined ignition sources for vapour cloud explosions. In: 29th Institution of
Chemical Engineers Symposium on Hazards 2019 (HAZARDS 29). Hazards 29, 22-24
May 2019, ICC Birmingham, UK. . ISBN 9781510889781

© Crown copyright 2018. This is an author produced version of a conference paper
published in 29th Institution of Chemical Engineers Symposium on Hazards 2019
(HAZARDS 29).

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Institution of Chemical Engineers Symposium: HAZARDS 29 2019
Paper HAZ29 089
Institution of Chemical Engineers Symposium Series. 2019-May.

Experimental | nvestigation of Potential Confined Ignition Sour ces for
Vapour Cloud Explosions

Jason Gill, Health and Safety Executive, Harpur Hill, Buxton SK17&8&NUniversity of Leeds, Leeds, LS2 9JT
Graham Atkinson, Health and Safety Executive, Harpur Hill, Bugiéh7 9JN.

Edmund Cowpe, Health and Safety Executive, Redgrave CoartpiMRoad, Bootle L20 7HS.

Herodotus Phylaktquwniversity of Leeds, Leeds, LS2 9JT

Gordon Andrews, University of Leeds, Leeds, LS2 9JT

Abstract

Electrical control boxes are prolific on high vapatloud hazard sites, and in the case of the Buncefield
explosion the ignition source was inside such a boxvthatsited in an emergency pump house building. There
has, however, been relatively little previous researth this type of ignition mechanism and its effentthe
explosion severity. Commercially available electrioahtrol boxes measuring 600 mm high, 400 mm wide and
250 mm deep were used to explore the pressure develgpreating processes and flame characteristics of
stoichiometric propane/air explosions using aluminiunh dod the supplied doors as vent coverings. In this
work, the boxes were empty of their usual contentsderato establish a baseline for the effect of theril
congestion of the boxes. It was found that, in these yebgt tests, the door produced a flat petal shaped
flame, which differed drastically from the mushroom flasfe®pe, associated rolling vortex bubble venting
traditionally observed with large orifice vented ogions.

Keywords: VCE, Vapour cloud explosion, vented explosion, bhog ignition, Buncefield. process safety,
explosion relief venting, explosion severity, overpresswenting explosion, external explosion, risk
assessment.
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I ntroduction

The most recent severe Vapour Cloud Explosion (VCE) in the United &ingehs the Buncefield incident in 2005 (Major
Incident Investigation Board, 20Q7Jhe vapour cloud was a large unconfined, gravity driven gl@ncloud and the
resultant explosion was severe. A recent review (Atkinson et d7b}0nto VCE events at large fuel storage sites has
shown that nearly atif these events have occurred at times when weather conditiowsttadl formation and persistence of
a pancake type cloud. The idea of very large homogenous déMelopment (Atkinson and Coldrick, 2012, Atkinson et al.,
2015, Atkinson et al., 2017a, Coldrick et al., 2011) is relatively ax@dvnot widely understood

The potential ignition source for the Buncefield explosion widkin an electrical control box situated inside an emergency
pump house (Atkinson, 2006), and it can be expected thia¢ iavient of a large persistent homogenous cloud on a site with
controlled ignition sources that an eventual ignition source woaldomfined. There is a lot of discussion regarding the
mechanisms that contributed to the severity of the explosion, ket itha potential that this multi-compartment confined
ignition source, in essence a ‘nested bang-box’, may have been a contributing factor (Gill et al., 2019). There has, however,
been little in the way of research into the effects of such bardgnition sources on the severity of VGHsspite the need

for such work being identified some years ago (Bradley et al., 2012)

Recent research into the propagation of a confined explosian égtarnal cloud by Daubech et al. (2017) concluded that
there was little interaction between the venting flame and exterhamgowhen the vent was large enough that the

discharging gases assumed the shape of a rolling vortex bubbler&&ynwhen the vent area was reduced to the point that
the flame venting from the confined space formed a jet, theisewé the explosion in the external cloud was increased.

This research, however, did not take into account the hingedednfinement of typical equipment cabinets and the effect
this has on venting and flame propagation.

This paper describes experimental results comparing the effect on flaneefsima@a hinged door with that from a bursting
membrane vent cover, often used in vented explosion experiméigsydrk forms the initial stages of a larger programme
of work, which will investigate the propagation of a congestedcanfined explosion from a hinged door electrical control
boxinto an external flammable volume.

M ethodol ogy

Commercially available electrical control boxes 600 mm high, 400witda and 250 mm deep, volume 0.08, mith a 3
point locking mechanism were fitted to the back wall of a*@rame rig as shown in figures 1 and 2. The left side wall of



eachbox was cut away and replaced with 5 mm polycarbonateiéaing purposes. For two of the tests the door was
removed using the hinge pins and the opening was covere@mwiluminium foil membrane: this foil produces comparable
bursting pressures to the door (Gill et al., 2019)

Tests were conducted using stoichiometric propane/air mixtures ignitedTlayod™ tungsten hot wire firework central
ignitor on the back wall of the box. The gas concentrationoeatolled with mass flow controllers. The box was filled by
purging the box with pre-mixed gas at the desired concentratiomanioring the exhaust with a gas analyser to ensure
purging was complete. Overpressure measurements were made using faster@spssure transducers, which were located
internally and externally to the box, as shown in figure 3. The testsfilmed at 240 frames per second.

Figure1- Test rig with electrical control box in place



Figure 2- Three point locking mechanism of the control box doors
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Figure 3 - Plan view of location of pressuretransducers (PT)

Results

Five tests were conducted, three with a door and two with @ikring the opening. The overpressures and flame
characteristics were recorded. Note that PT 2 and 3 were not actiestfa.

Overpressures

The overpressures recorded (Table 1) in the testseshsimilarities in the maximum pressures between the foil and door
vent coverings. The bursting pressure was dominant in all tedtsan external explosion was inconsequential. It is,
however, evident from the pressure traces (figures 4 and 5) thastegerformed using the door (tests 3-5) encountered a
momentary pause in pressure rise due to the effect of ventingsThis to the pressure rise causing deflection in the door,
which breeches the gas tight seal made by the door; the foil remaingrgasntil it bursts or tears.



Table 1 — Results of overpressure measurements for tests 1-5

Test Vent covering PT1 PT2 PT3
(mbar) (mbar) (mbar)
1 foil 97 5 5
2 foil 72 3 3
3 door 75 - -
4 door 90 4 7
5 door 78 2 4
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Figure4 - Pressuretracefor test 2
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Figure5 - Pressuretracefor test 4

Flame Characteristics

In the foil test, the flame develops near spherically towards thedfahe box from the initial kernel, with some distortion
and elongation caused by the back wall of the box. Tihésfpushed forward and taut before tearing vertically, and as the
flame exits it establishes a typical mushroom shape (Figures 6 affdhi§)shape is characteristic of the vented gases
forming a rolling vortex bubble described by Maxworthy (1972) aitdessed by Daubech et al. (2017). As the flame
extends, it forms a second mushroom shape, which re@sftre theory that the rolling vortex bubble method of venting
applies in this case (Figure 8). The flame extends to near the etthge2oin long rig.

In the door tests, the flame develops in a similar manner desgribeidusly; however, the door starts to deflect before the
flame has readd a diameter of 200 mm, due to yielding of the locking bar nm@sha(Figure 9). As the pressure builds,
either one or both of the locking bars fail, which facilitatesr opening. The door is open by no more than 30 mm when the
flame begins to exit, and combustion is complete before the doomipletely open. The flame does not develop into a
mushroom shape, but is initially a flat petal shape which expands sidewdairdtae direction of the door for approximately

1 metre (Figure 10).



Figure 6 - flame development in test 1; frameintervals4.17 ms



Figure7 - Test 1 —initial mushroom flame, typical of rolling vortex bubble venting
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Figure 8 - Test 1 - secondary mushroom flame, typical of rolling vortex bubble venting



Figure 9 - Flame development in test 4; frameintervals 4.17 ms



Figure 10 - front view of venting flame shapein test 3; frameinterval 20 ms

Discussion
Overpressures and venting

Given the large size of the vent relative to the volume of the baquitd typically be expected that if the vent closure was
fairly weak then the peak pressure would be dominated by the @xpeamt of explosion (Proust and Leprette, 2010). In this
case, however, the burst pressure is dominant, an effect also dhsgfvakandu et al. (2015).

In the case of the foil, the burst pressure is relatively high, tnét arcrack is initiated it propagates rapidly and a large area
vent is available within a few milliseconds. Internal overpressure atfidw velocities decline immediately, and there is no
extended periodf high speed jetting through a small opening. The resulting outfl@ahas a broad central core in which
the flow is irrotational and not affected by the vorticity in the shearsagt the edge. As these layers roll up, the potential
core of the resulting vortex is eroded slowly by relatively low levekhefr, resulting in slow combustion and low external
overpressures.

In the door tests, venting commenced at lower pressures (40 mhhe) dsor begins to deflect, and this venting initially
offsets the rate of pressure rise. There is an extended period (~20wiggh gas is forced out of the resulting craclaat
speed of around 80 m/s. Eventually, increasing levels of voluntigtion associated with the developing flame cannot be
offset by venting through the crack associated with flexure ofittee and the pressure begins to rise again. The internal
pressure and outflow velocity increase to 90 mbar and 120 m/<stigspe The final pressure at which the catch fails is
comparable with the foil, but even when the catch has failethéma of the door restricts the rate of opening. The rate of
depressurisation is, therefore, relatively less, and there is aicghiperiod (of order 10 ms) in which the jet outflow
continues.

The ejected gas in the door tests fedna narrow high-speed jet. Only a very small proportion of thergyagins in the
irrotational potential core of the jet and most of the ejected gas is iiat@lgcentrained into the turbulent shear layer where
high flame speeds could develop. In these initial experiments, this boxounded by air, so entrainment also leads to rapid
dilution of the pre-mixed gas below the initial (stoichiometric) cotregion; this limits the rate of burning and overpressure
when the flame arrives. This would not be the case if the atm@sphtside the box was also flammable. Future tests with
external flammable atmospheres are expected to show much moreeseéegemnal explosions in door tests as a result of the
sustained high speed jetting.

In these tests the boxes were largely empty. In real world appfisatiere is an economic driver to use the fewest, smallest
boxes. This means that control boxes gravitate towards having moiemeqt and cabling inside, which introduces
congestion. Congestion will likely increase the speed of the explosidnby how much in such a shallow vessel is
unknown. In the door tests, an increase in flame speed wouldtiptiyelead to higher internal pressures and outflow speeds
as the inertia of the door becomes increasingly important, bututiaéiah of the outflow and possibly the total volume of
jetted fluid are likely to decline. Again, the effect of congestiothercharacteristics of the external explosion is not known.



Flame Char acteristics

The foil tests produced mushroom flame shapes, typical of a robingxwbubble venting of the unburnt gases from the box.
Work by Daubech et al. (2017) has shown that the ventiagrgechanisms indicated by this shape interact little with any
external volume it is vented into, and the explosion of this ventet gdiost separate to the explosion of the flammable
gas already present in the external volume.

In the door tests, venting of unburnt gasdreghen the door defleetl due to the initial pressure, which consequebibke

the gas seal. The door only opens about 20 mm before the daerges into the jetted fluid. A high proportion of the
unburned gas is therefore ejected as a flat jet - maximising the potercaielerate external flames. Accelerated burning in
the jet (and probably dilution of some gas below the LFL) is indidayatie reduced flame length and burn time in the door
tests compared to the foil tests. If venting was into a flammable elxteriome, the turbulence generation that can occur
without dilution would allow rapid and complete combustion ofteggas, which would inject additional turbulence iato
relatively large volume of entrained gas from outside the box. This iksito the process observed by Daubech et al.
(2017) when the vent area was restricted to the point that the bottble was disrupted to form a jet.

Conclusions

The use of a film or foil membrane over a large vent is notogpiate when evaluating the escalating effects of an explosion
propagating from an electrical control box, as the dynamics afdbeopening has a significant effect on venting and flame
exit. Modelling of the initial venting caused by door deflectgonl the dynamics of door opening would improve understand
of how explosions respond to changes in box design. It is evideinsuktained high-velocity venting of gas during this
process will have the effect of inducing turbulence in the extelame. Movement of the door as it swings open (and
especially if it detaches) are also likely to cause significant turbulenetinned gasaside to any venting process.

In the second stage of the Buncefield pump house explosiohe alteel cladding panels were simultaneously driven at high
speed into the surrounding gas cloud. Previous work (Gill etGl6)2has shown that panel detachment can also have an
escalating effect on the severity of a venting explosion.

The boxes used in these tests were uncongested and thereéaistio; boxes will have contents that act as congestion on
high hazard sites. Further work will be undertaken to understand tletseffecongestion on the rate of door opening and

venting. Further work will also be undertaken to understandffhet @f venting and flame propagation from these small

enclosures with doors into an external flammable volume.

Disclaimer

This paper and the work it describes were funded by the Heat8afety Executive (HSE). Its contents, including any
opinions and/or conclusions expressed, are those of the authorardbtde not necessarily reflect HSE policy.
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