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1 Introduction

SEVESO industrial sites are suspected to produgermaacidents, as for instance explosions, meaning
that the disruptive effects of the blast wave migpificantly impact the neighborhood. Despite effee
mitigation measures may be taken, some residua egist which sometimes requires a protectiorhef t
buildings. In the specific case of blast, walls nteeyconstructed to try and shelter important bogdi
This kind of technique was developed decades agjeeipyrotechnical/ammunition industry for instance
to avoid the transmission of an accidental explogiom a depot to the next one [1]. The proteci®n
often a bund which characteristic sizes (thicknés$ght...) are much larger than that of the pressure
wave. In the case of SEVESO industrial sites, fastloriginates from a vapor cloud explosion, motrf

a detonation, so that not only the form of the gues wave is different (“N” type rather than “tregarar”)

but also its duration, usually longer by ordersnagnitude [2]. The duration of the wave might be
hundreds of ms so that the wavelength of the waveuats easily tens of m, larger than the charatteri
dimensions of a bund. What kind of protection asbigall would be able to offer in such circumstate
This specific aspect was investigated experimgntatid a tentative interpretation is proposed using
CFD tool.

2 Experiments

Medium-scale experiments with gaseous deflagratimha blast wall were performed. The experimental
setup is a 1.5 m diameter polyethylene hemisphdsadoon (thickness 150 um) erected on a 3.5 2 an
1.5 mm thick metal plate. During the preparatiorttef mixture, this tent is applied against a frashe
aluminium rods using a rubber cable maintainedeirsion by an electromagnet. The magnet (thus the
rubber cable) is released just before ignitionhst the tent is not maintained anymore and carusbegu
freely by the expanding flame. Gas injection andingj is obtained using Venturi blowers, placed loa t
platform. This way homogenous and well controlledtares could be obtained (which was verified). The
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gas concentration is controlled at 2 different towes with 2 oxygen analyzers (Servomex). The nnixtu
is ignited on the vertical axis of the balloon,rd above the platform with a pyrotechnical matche(ggn

of 60 J). In the present paper, the case of 40%28% 02, 40% N2 mixture is presented with a burning
velocity of 3.5 m/s, and a calculated expansioa cdt7.8. A 2 m high and 6 m long wall (10 cm thick
placed 10 m from the centre of the experimentdfqia (Fig.1) to mimic the behaviour of a blast wall.

Figure 1: test platform with hemispherical ballaomd protective wall of 6m length, 10 between both

Pressure sensors are placed inside the tent (nofithe platform), at 10 m from the platform (at ttame
distance than the wall but in another directiom,tioe front face of the wall, on its rear face amdts
shade (at a height of 1m, at 1 m, 2,5m, 5 m ahdrlbehind the wall). Free-field tests were also
performed with the sensors located between 10 &md £om the ignition location.

N°1a4 0-2 bar N°50-10 bar
s R : D Platform

Im Im 0,935m|

o5 o4 3 °2)

- e Wall
0,17
1,25m

ol I 024m

Figure 2: Location of pressure sensors in the shadeon the rear face of protective wall (the walb reversed for
incident directly impacting pressure wave measurgg)e

3 Numerical Modeling

Numerical modeling was performed using the opemcgoCFD tool OPENFOAM in view of obtaining a
deeper understanding of the physics at stake. BENF®AM, a modified version of the rhoCentralFoam
is used in which the inviscid transport equatiohgl@ensity, momentum, energy and chemical species ar
solved. An Euler scheme and the Tadmor and Kurgaoteme [3] are used for time integration and
discretization of the convection operators. Thesjdat closure of the chemical source terms is amitb
ensure the volume of burnt gases increases splgritee time evolution of the radius being setthg
modeler. This imposed flame front velocity trangfsrthe fresh gases in burnt products at a useifiguec
rate and generates a pressure wave. The flameityepofile is extracted from the experiments. The
computational domain is 80 m long, 45 m wide andamMbigh, filled with hexahedra with a charactecisti
length of a few cm in the zone of interest. Notis #ipproach is intrinsically limited to spherictdrhe
propagation for which the time history of the flas@ocity can be known.
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4 Results-without the wall

A specific image processing algorithm based on dpaind removal [4], was used to track the flame
trajectory (white dashed line in Fig.3) from whitte flame velocity was extracted and confronteth&o
internal pressure trace (Fig. 4).

Figure 3: Processed images of the deflagratioheflammable mixture (10 ms between frames).
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Figure 4: Left: flame trajectory (green dots) amdbeity (blue dots and red line) on the verticakaextracted from
the film. Right: Overpressure measured by senssidé the dome and 10m from the dome

The time evolution of the velocity presents twatidig parts. In the first part, up to about 20-28§, rthe
flame velocity is reasonably constant (45 m/s),altis consistent with the linear rise of the ovessure

in the burnt gas until 22 ms. The velocity therréases from 45 to 115 m/s. The beginning of thienst
acceleration seems to be linked to the motion eflastic sheet. Its elevation creates a flameleat®on
most likely due to a creation of a turbulent/shéaw zone between the flame front and the plastic
enveloppe. This leads to a slope change in thespresignal with significant evolution up to 250aniat

36 ms [4]. At 10 m from the dome the free-field gmare peak is 75 mbar, which is consistent with the
predicted decrease of overpressure versus distahmgated with multi-energy method [5].

CFD modeling of this reference free-field presswvave propagation was performed using the
experimental flame trajectory as a generator fergressure wave. CFD simulations show that thetinpu
flame trajectory has a direct influence on the shafpthe pressure signal in free field. The ovespuee
peaks were recovered but the positive phase dosatiere slightly underestimated (10 % on the decpyi
part). The x-t diagrams of experimental and catedavave propagation superpose relatively wellsThi
agreement becomes poorer at larger distances leecdube model diffusivity. A double overpressure
peak, can be noticed at all positions. This is tude implemented model: the experimental sigh&he
flame front position was approximated with a sepalfynomials in OPENFOAM. The small discontinuity
observed at the time of plastic sheet separatipnojsagated in free field as a dual peak signate Nuat
the mesh convergence has been checked systenyafizatose simulations.
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Figure 5: Left : Measured (lines) and CFD predidigats) overpressure between 11 and 20 m. Rightliagrams
of wave propagation

5 Results- with the wall

In the present experimental configuration, the wenvgth of the blast wave (3 m, positive phase domat

of 8 ms, see Fig.5L) is comparable to the charastierdimensions of the wall. Two distinct pressure
peaks (Figure 6L) are measured by the 5 sensaditsedinont face of the wall. This double peak isgioy
synchronized on all of the sensors, located edh2¢ cm either at 1.25 m from the ground so it oabe

due to a ground reflection. It is more likely dwea rarefaction wave propagating from the top & th
compressed zone before the wall (about 3m longh peaks are also predicted by the CFD modeling but
they are due to the initial flame development ia tineball. The overpressure measured on the feme

of the wall are 2 to 3 times higher than the frieddf reference measurements (75 mbar at 10 m).
Calculated reflection coefficient are slightly b&lgbetween 1.5 and 2 with CFD calculations and adou

2 with shock wave theory as shown on Fig.6R) [6].
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Figure 6: Left: Experimental (line) and calculatedsh line) pressure signals on sensors 1 (bluk?dred) on the
front face of wall. Right: Reflection coefficients each wall sensor

Measurements at the rear face are compared with &fiBhations in Fig.7L. For both sensors, the shape
of the experimental signal is recovered in the GR@eling. Nevertheless, the peaks underestimadion i
about 30 %. Peaks measured at 0,075s and 0,08%stefacts, interferences in the measurements and
should be ignored. Again the shock attenuationfimiefits measured experimentally, computed with the
CFD tool and estimated with the theoretical moded,compared in Fig7R.
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Figure 7: Left: experimental (line) and numeriatagh line) pressure signals on sensor 1 (bluegretl) on the
rear face of wall. Right: overpressure measureddifificiction coefficients on the rear face of wall

Calculated coefficients (between 0,4 and 0,6 wiHDGnd between 0,5 and 0,6 with shock tube theory)
are slightly below observed coefficients (arourst®,8). As expected, the overpressure on the agari
lower compared to the free-field case, becausbkeodliffraction phenomenon.

The pressure signals measured in the shade ofatecpon wall, are compared with the CFD preditsio

in Fig8a. Again the interaction between the incideressure waves is recovered by the CFD modeling:
two peaks are observed and modeled 1 m and 2.5hindbthe wall, but 5 m and 10 m from the wall, a
single pressure peak is obtained. The numericatnastimation for all pressure peaks is about 3@\%%.
before, the blast attenuation coefficients are e between each measurement type in Fig.8b.
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Figure 8: Left: experimental (line) and numeriadgh line) pressure signalsl(blue), 2.5m (red), 5m (green) and
10 m (purple) behind the wall. Right: overpressure sueed and reduction coefficients behind the wall

Until 2,5 m behind the wall, the overpressure ightly lower than in free-field case at the samsatice.

At larger distances from the explosion source thé thas no more influence (diffraction coefficiert).
Both experiments and calculations indicate thatgmted length behind the wall is relatively limited
(around 3 m). Fig.9L is a schematic representatibra planar pressure wave diffraction around an
obstacle. This phenomenon occurs through laterdltap overturning of the wall. Consequently, the
compression wave behind the wall may arrive from tbp or lateral overturning of the wall which
involves that a wall can be protective, for a givexight, only if its length is sufficient. In theposite
case the lateral overturning would balance theatiffon on the top of the wall, and reduce thegmidte
effect. Overpressure measured 10 m behind theisvdl]2 time higher than in free-field. This migha b
explained by the competition between reduction wérpressure with the increase of distance due to
overturning of the obstacle and overlapping of tleeves behind the obstacle. In such situatiorChB
results analysis can shed light on the observenteyEig.9R).
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Figure 9: Left: Schematic representation of diffemcwave around an obstacle [7]. Right: Overpressalculated
with OPENFOAM between 50 and 65 ms (overpressuate $oom -30 mbar (blue) to 30 mbar (red))

Due to the dimensions of the wall, the lateral twming wave reaches the rear of the wall, betwieand

1 ms (depending on sensors location) after thevadrof the top-overturning wave. The positive phase
duration of the free-field overpressure wave iselto 10 ms, which is higher than the time diffeeen
between lateral and top overturning. Thus, it is/Vikely that the two waves (side and top overing)
have been summed during experiments. This effeobit likely at the origin of the double peak (o
side overturning) and the positive time duratioseslied on the two first sensors behind the walr(d
2.5 m behind the wall). It can also explain thatigkly high peak measured on the first sensori(addl
ground reflection effect). Despite blast wave dewath propagation distance, the overlapping effect
might lead to overpressure behind a wall, largantim a free-field case, which could be at theioraf

the measurement in Fig.8R. The underestimated segnlthe CFD calculations might explain why this
effect is limited in the numerical investigatione&per analysis with the CFD tool will be perfornied
view of quantifying this phenomenon of wave ovepiagg behind the wall.

In conclusion, this study suggests that the primteqgbrovided by a blast wall is very dependent loa t
wall size compared to the wave size. It shows tilabit is theoretically possible to find areasibdithe
wall where overpressure could be higher than ie-freld (that is without any wall), because of thaves
recombination. A numerical parametric study andtlagospecific experimental campaign would improve
understanding of that point.
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