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1 Introduction

Evacuation of gases out of a closed vessel dunm@aidental explosion is a crucial problem to
prevent increasing of the internal pressure beytradges higher than the mechanical resistancesof th
equipments. One of the most simple and often usethad consist in designing relief vents of
appropriate size at the vessel walls. Normalizethots exist for dimensioning the surface of vents,
eg. NFPA 68 [1] or VDI 3673 [2]. Many works havdeahpted to improve the accuracy of these
methods, particularly Yao [3], Bradley and Mitchedd], Moen et al. [5], Cooper et al. [6], Molkov
[7-9], Canu et al. [10]. Comparison of their reswdhd domain of validity has been done by Razus and
Krause [11]. However, progress toward a more ridiatiodelling of the venting process is limited by
the insufficient knowledge of flame transmissioncimenisms from the vessel to the discharge
opening. Here, we present results of recent exgatisnperformed to investigate the flame evolution
and behaviour at the vessel exit and its influemtéhe process of pressure discharge.

2 Flame propagation in closed chamber

Experiments were performed in a cylindrical pleagtransparent vessel (length £ 0.385 m, inner
diameter @ = 0.1 m), closed at one end and fitted at the rotime with an opening of variable
diameter simulating the uncovered vent. A stoicldbin propane-air pre-mixture at initial
atmospheric temperature and pressure was useck iprésent series of experiments. Ignition was
achieved by a small electrically heated wire, ploe the axis near the closed end of the vessel.
Overpressure variations in the vessel were recobyed Kistler piezoelectric gauge mounted at the
vessel wall (opposite to ignition). Flame propagatinside the vessel was visualized by means df hig
framing rate video camera (Photron) coupled withisar sheet tomographic method (the chamber was
slightly seeded with a micromist of water-glycobgdltets). For more details about the experimental
details see[12].

Figure 1 displays a typical sequence of flame pgapan at the end of the chamber. Bright areas (on
the right part of images) and dark areas (on tfiepkrt) correspond respectively to fresh and burnt
gases. The frontier between the two zones deliadhgeshape of the flame front. One clearly observe
the occurrence of the phenomenon of “tulip flaméiis phenomenon, observed since a long time by
Ellis and Wheeler [13], has been the subject of enas works, see for example (Guenoche [14-15],
Leyer and Manson [16], Starke and Roth [17], Duamign et al. [18], Clanet and Searby [19], Dunn-
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Rankin et Sawyer [20]). Here, one can see the pssiye flattening of the flame front, followed by
the curvature inversion. As a result, the edgehefftame along the lateral walls reaches first the
opposite side of the chamber, whereas the centteathamber is yet occupied by unburnt gases.
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Fig. 1: Selected frames from tomographic records shoflarmge propagation in the terminal part of theseld
chamber.

3 Different modes of flame transmission through aent

When a circular hole is fitted at the end of tharober to simulate a vent, different flame behawour
are observed, following the size of the orifice.
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Fig. 2: Selected frames from tomographic records shoflarmge propagation in the terminal part of the etbs
chamber fitted with a venting orifice: (a) hole mlieter = 10mm, (b) hole diameter = 21 mm.
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The case of an orifice of “small” size is displayad-ig.2-a (in this example, the hole diametet@s
mm, which corresponds to a vent area — chambemehatio of 0.026 ). Evolution of the flame
shape during propagation in the chamber is quitgélasi to the case of the closed chamber, with
emergence of the tulip flame and the curvaturergiva of the flame front together with its strong
deceleration. Then, when the flame approachesrnti®@Ethe chamber, it penetrates in the centra hol
by its peripheral sector. As a result, a pockairdfurnt gases is trapped in the centre of the oitap
flow (the boundaries of this pocket are underlibgddotted lines on the two last pictures of Figl2-a
Locally, the flow velocity lines are opposite teettirection of the mean flow. Existence of thisfre
gas pocket has a crucial role in the subsequessgpre evolution in the chamber. It may also takée pa
in the occurrence of a secondary explosion in thgegus mixture ejected at the exterior of the
chamber.

The case of an orifice of “large” size is displayedrig.2-b (in this example, the hole diameteR1s
mm, which corresponds to a vent area — chambemeltatio of 0.115 ). Contrarily to the
preceding case, the flame front does not encoamténversion of its curvature because the tuliméla
phenomenon formation is prevented by the charatiesiof the flowfield in the fresh gases in froft

the flame. Due to the larger dimension of the htie ejection of fresh gases generates a high
longitudinal velocity in the chamber which produ@esuction effect on the flame. As a result, the
flame is stretched in the direction of propagataoes not decelerate, and its tip penetratesifiirie

exit hole. Accordingly, dead zones of unburnt gasesobserved in the corners of the chamber, which
are consumed at subsequent times after the flach&daelled outside of the chamber.

4 Conseguences on pressure evolution inside the sels

These marked differences in the flame front trassion from the chamber to the exterior result in
dissimilar evolution of the overpressure inside gheamber, as can be seen in Fig.3. In the closed
chamber, the diminishing of the rate of pressuse dorresponds to the beginning of the process of
tulip flame formation. For the 10mm diameter oefi¢ulip flame formation occurs practically at the
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Fig. 3: Pressure evolution inside the chamber for diffexalues of the size of the venting orifice.

same time, but then, the rate of pressure riserbessmaller due to the evacuation of gases out$ide
the chamber. The maximum overpressure is reachexth hater, after the burning of the pocket of
fresh gases. On the opposite, for the 21mm dianeetiéce, the maximum overpressure is reached at
the moment when tulip flame formation was obsernvethe 10mm diameter hole. Then, it decreases
continuously. The combustion of unburnt pocketsgases in the chamber corners is unable to
compensate the decrease of pressure caused byersguidation of gases and is achieved noticeably
after the flame exited out of the chamber. The s#jman between the two transmission modes takes
place for a hole diameter of about 15mm (vent areaamber volume ratio of 0.058%n In the case

of a chamber with smaller volume (same cross sgchiot length reduced to 0.14m), only the second
mode is observed, even with a small size orifi@r(th) on account of a too large vent area — chamber
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volume ratio (0.071 ). Finally, it is worth to mention that the transsibn mechanism is deeply
modified by ducting, since addition of a duct a thent exit to convey gaseous products far away,
severely modifies the downstream boundary conditafrflow expansion out of the chamber.
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