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ABSTRACT
Since the rapid development of hydrogen statiorsang vehicle fuel cells this last decade, it is of
importance to improve the prediction of overpressggnerated during an accidental explosion which
could occurs in a confined part of the systemhla &im, small scale vented hydrogen-air explosions
were performed in a transparent cubic enclosurk aivolume of 3375 cinThe flame propagation
was followed with a high speed camera and the ogssgorre inside the enclosure was recorded using
high frequency piezoelectric transmitters. Thee@8 of vent area and ignition location on the
amplitude of pressure peaks in the enclosed volwer® investigated. Indeed, vented deflagration
generates several pressures peaks according tonfiguration and each peak can be the dominating
pressure. The parametric study concerned threéagniocations and five square vent sizes. The
maximal overpressures measured in the enclosueefadthe external and internal combustion, were
compared to models of the literature.

1.0INTRODUCTION

A major problem of this century is to reduce greense gases, pollution in cities and dependency on
oil-based fuels. Hydrogen is seen as one of the dmstions as a clean energy carrier to answer to
these three challenges. In order to be well acdepte public, existing risks have to be clearly
identified and safety standards have to be welbdished for systems working with hydrogen. If a
leak occurs in such systems, a confined volumedfiWith hydrogen and air could appear in a part of
the system and could be accidentally ignited. Thes of interest to improve the prediction of
overpressure generated during an accidental epplasi small scale. Large scale hydrocarbon-air
vented explosion experiments have been widely stiydionversely it appears that only few papers
deal with hydrogen-air vented explosions and mamsigqularly at small scale. Large scale vented
experiments were performed by Kumar et al. [1]M&h a 6% to 11% vol. hydrogen-air mixture in a
120 n? confined volume [1] and a 6% to 42% hydrogen-agixtane in a 6.5 mvolume[2]. Pasman et
al. [3] have studied a stoichiometric hydrogennaixture in 1 ni volume. Bauwens et al. [4] [5] and
Chao et al. [6] have reported works in a 63.7amamber with a 18% vol. hydrogen-air mixture.
Finally, Daubech et al. [7] have studied the veritgdrogen-air deflagration in a volume of *lemd

10 nt with 10% to 30% vol. hydrogen-air mixtures. Degdilsmall scale experiments found in the
literature concern methane-air mixtures in cubisseds with volumes of 5800 érand 54900 cth
studied by McCann et al. [8]. More recently, Satoak [9] have performed propane-air vented
explosion in a cubic enclosure of 4000%c#&ffects of ignition location on pressures gerextaturing
vented explosion were investigated by Kumar e{1jl. Bauwens et al. [4] [5], Chao et al. [6] and
McCann et al. [8]. During vented deflagration seVvepressure peaks appear according to the
configuration, i.e. the vent area and the ignitiocation. These peaks have been observed and well
identified by Cooper et al. [10]. Among the presspeaks, two peaks can dominate the internal
pressure; the first one is created by the extesmplosion (B) and the second one,fy the internal
combustion where flame-acoustic coupling occurartter to add data for vented explosion modeling,
this paper will first present the experimental tesufor small scale vented explosions of a
stoichiometric hydrogen-air mixture. The influermievent area and ignition location on the pressure
history and pressure peaks &d B were investigated. Indeed, several models allowuatiag the
maximal overpressure generated inside the enclosheeactual standard is the NFPA 68 [11] and the
European version EN 14994 [12], based on Bartkredguation [13] which has a limited range of
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application. The critical limitations are: the redd pressure which must be higher than 10 kPa and
lower than 200 kPa, the initial pressure befordtigm must be lower than 20 kPa, the static vent
activation pressures must be less than 50 kPahendefflagration index Kis limited to 55 MPa-m/s.
Molkov [14] has proposed a dimensionless corratatio answer all these limitations. Similarly,
Bauwens et al. [4] have published a physic basedeinwhich allows to estimate the magnitude of
each pressure peak Bnd B. Then, the second objective of this paper is tmmare the Molkov
correlation and the Bauwens model to our experimergults.

2.0 EXPERIMENTAL SETUP

Experiments were performed in a cubic vessel (Ejgwith inner sides of 15 cm (V = 3375 §m
Laterals and top walls of 25 mm thickness are nud#8exiglas® in order to visualize the flame front
propagation. Five square vent aregsmére tested (225 81 cnd, 49 cnf, 25 cnf and 9 cr). The
first one was obtained by removing the front walhe other vents were realized with a centered
square orifice on the front wall. The vent covertenal was a thin polyethylene film, with a low
failure pressure of about 3 kPa.
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Figure 1. Front view scheme and picture of the@swie without front wall (left) and with a vent of
25 cnf (right).

The ignition source was obtained by means of akspanerated between two rods. These rods were
spaced of 1 mm and were 7.5 cm high, that is tdhaifyof the height of the cubic vessel. The norina
energy delivered was estimated to 122 mJ. Thraddgrocations were studied, back wall, center and
front wall. The back wall ignition corresponds tals located at 8 mm from the rear wall, that isap
opposite to the vent (red enclosure in Fig. 2) éuedfront wall ignition corresponds to rods loca&td

12 mm from the wall with the vent (green enclosar&ig. 2). The enclosure was filled with a 30%
vol. hydrogen-air mixture regulated by two massvfloontrollers. The gaseous mixture was injected
near the rods on the ground during a fixed timBush the initial air through the gas outlet locht

the top side. The initial turbulence was consideteche weak as the mixture was not ignited
immediately after the enclosure was filled. Therpwessure generated by the explosion was measured
by means of piezoelectric transducers PCB PiezesoAll overpressure values given in the present
paper are an average of three shots or more. Arp@gsure uncertainty of +1.3% was obtained
during calibration. The flame front propagation viabowed with a high speed camera recording at
15000 fps. All pressure histories were synchronia#l the video frames.
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Figure 2. Location of pressure transducers anditotaf the cubic enclosure for front wall ignition
(green), center ignition (black) and back wall tgm (red).

3.0EXPERIMENTAL RESULTS

The internal pressure in the enclosure was measwitbdtwo pressure transducers located at 4 cm
from each side of the ignition source in case oft@eignition, and with one pressure transducers at
cm from the rods in case of front wall and backlwgadition (Fig. 2). A maximum of three main peaks
were observed according to the vent area (or vesfficient K) and the ignition location. The
nondimensional vent coefficient,Ks given by the following relation: k= V#JA,. An example of
pressure history with the presence of these thea&sis given in Fig. 3. A 1.5 kHz low pass fikexs
applied (blue) to the raw signal (black) to perfgsnessure peaks analysis (Fig. 3).These peaks were
already identified and described by Cooper et #0] for a large cubic vessel (0.76")nwith low
failure pressure relief. The first peak s the vent cover failure pressure which was tmsn our
experiments (~3 kPa). The second peafi Brresponds to the external explosion of the omdul
fuel-air mixture which was first expelled from teaclosure then ignited by the flame coming out of
the vent. The last peak Bccurs when the flame front reaches the wall ancbntrolled by resonant
coupling between the flame and the acoustics madesh are generated by the geometry and the
physical response of the enclosure. Recent invagiitgs which confirmed these descriptions have
been performed by Bauwens et al. [4][5] and by Céaal. [6] with propane-air, methane-air and
hydrogen-air mixtures in a 63.7°rohamber and 2.42%wessel. McCann et al. [8] have observed the
acoustics instabilities and the second pressur& peamall scale with methane-air mixture in a
cubical vessel with sides of 38 cm for back walll @enter ignition for K> 9. Helmholtz oscillations
which could occur between the pressure peakarfd B [1] [2] [3] [4] were observed in our
experiments only for a front wall ignition and feent areas of 225 c¢in81 cnf and 49 crfy that is to
say for vent coefficients K« 4.6. McCann et al. [8] have studied this type etiltations with
methane-air mixture in two cubical vessels withesidf 18 cm and 38 cm. The Helmholtz oscillations
were only noticed for large or intermediate veaesj for values of Kinferior to 4.2. In our case, it
should correspond to vent sizes of 225 ¢, = 1) and 81 cf(K, = 2.8). The smallest length of the
vessel neck used by McCann was 10.5 cm wherea2ibicm in the present study. The difference
could be explained by the relaxation time of theilizions decreasing when the length of the
enclosure neck decreases [5] and by the composifitihe mixture which influences the period of the
oscillations.

The pressure peaks Bnd B were studied according to the vent size and thiiog location, since
each of these two pressure peaks can dominateexpigimental overpressure values are summarized
in table 1.
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Figure 3. Pressure history of a 30%air mixture, a vent size of 81 éna center ignition, with
associated video frames corresponding to the time, Rnd B.

It was impossible to determir&P; for center and back wall ignition with vent ared#i cnf (K, =

4.6) or less. Indeed, the first pressure peakv&s included in the second pressure pealwiich
dominates in the enclosure. The overpresélewas not noticed for the largest vent size (225, cm
K,=1) for back wall and center wall ignition. Moreoy¢he second pressure peak was only noticed
with vent areas of 25 cnfK, = 9) or less for a back wall ignition. For back lighition, small vent
areas allow to trap a volume of unburned mixtureugh to generate interactions between the flame
and the acoustic modes in the enclosure.

As to be expected, the maximal overpressure iretttdosure increases when the vent area decreases.
The maximal overpressures of 278 kPa, 196 kPa amckRa were reached with a vent area of § cm
(K, = 25) for an ignition location respectively at tbenter, the front wall and the back wall. The
overpressure generated by the external explo#iBy) @ominates for larges vent areas (225,c84

cnt and 49 crf), in case of center and back wall ignition, whemgreater volume of unburned mixture
was expelled and burned outside the vessel.

On the contrary, the maximal overpressures areygemtiby the internal combustiofiR;) for smaller
vent areas (25 cimand 9 crf) since a large amount of unburned gas was kephénenclosure.
Moreover, these smaller vent areas increase tleeityeland the turbulence of the burned mixture at
the vent outlet, which quickly extinguishes theeemal combustion (Fig. 4) resulting in a laviP;
overpressure.



Table 1. Measured overpressiie andAP, according to the vent area and the ignition lacati

Vent area (cm?) K, Center ignition Back wall ignition Fir;:ittiv(\)lgll
AP, (kPa) AP, (kPa) AP, (kPa) AP, (kPa) AP, (kPa)

225 1 3.1 - 5.0 - 1.3

81 2.8 11.0 2.5 25.0 - 2.5

49 4.6 13.0 10.0 27.8 - 6.6

25 9 - 78.9 - 61.5 40.0
9 25 - 278.4 - 180.8 196.4

The back wall ignition leads to higher overpressuhan the center ignition for vent area of 4% om
more. The back wall ignition enhances the expulsibanburned mixture outside the vessel before it
ignites and causes the maximal overpressuveg {n the enclosure for these vent areas.

In the case of front wall ignition, the gaseous tnig burns before being thrown out of the vent to
generate a burned gas jet, consequently, no peepsak P appears (Fig. 5). The front wall ignition
generated the lowest overpressure values excetitd@maller vent area {(#25).

Figure 4. Video frames for a 30%-dir mixture, a vent size of 9 énback wall ignition, a) video
frame corresponding tofb) video frame corresponding te With high velocity burned gas jet.

Bradley et al. [15] have investigated available esxpental data from the literature (from 1924 to
1973) about the influences of the location of theition source upon the maximum pressures. As
observed in our experimental results, Bradley ebabe noticed that when ignition is located néar t
vent or near the back wall, lower maximum presstiras with central ignition were generated.

Kumar et al. [2] have studied vented explosion % ® 42% hydrogen-air mixtures in a 2.3 m
diameter spherical vessel, with two vent sizest(mgpdiscs of 15 cm and 25 cm diameter) and three
ignition locations. It was observed that with 20%nwore hydrogen for all vent areas tested, central
ignition generated the highest pressure peak aad vent ignition the lowest overpressure, but the
amplitude differences were small and the effedgoiter location did not appear to be significarte
author explained this small overpressure differancee associated with really small vent areas used
in their study (K = 48.6 and kK= 17.5). Experimental results in our study havevwsh (Table 1) that
the deviation of the maximal overpressure accordintie ignition location decreases in the case of
the smallest vent area, K 25.

The evolution of the pressures peakaid B seems to be in agreement with large scale expetéme
performed by Bauwens et al. [4][5] and by Chaolef@ with vent areas of 2.73 T{K, = 5.8) and

5.43 nf (K, = 2.9) for methane-air and hydrogen-air and witheat area of 0.26 (K, = 6.9) for
propane-air. The overpressure values were not cadpeith the hydrogen-air mixture because of the
equivalence ratio which is different (18% hydroger)-and the scale effect. Bauwens et al. [5] have
also observed that the overpressiRe associated to the external explosion increased wdration

took place near the opposite wall of the vent, @ma/ersely, the second pressure peak increased when
the ignition location came closer to the vent.
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Figure 5. Pressure history of a 30%air mixture, a vent size of 49 éniront wall ignition, with
associated video frames corresponding to the tohBgsand B.

4.0 COMPARISON WITH MODELS

Two models of the literature which evaluate therpr@ssure in an enclosed volume during venting
explosion have been compared to our experimental ttee Bauwens model [4] and the Molkov 1999
correlation [16].

4.1 Bauwens model

Bauwens et al. have published in 2010 [4], a sirpplgsics based model which allows to estimate the
magnitude of each pressure pealkaRd B (and another pealgfh case of obstruction). The Bauwens
model takes into account the gaseous mixture coitiosthe enclosure size and geometry, the vent
size, the ignition location and the obstacle canfigion if present. A brief description of the mbie
given in this paper since it has been clearly diesdrby Bauwens et al. [4] and Chao et al. [6]. The
maximum overpressure in the enclosure is estimaieoccur when the production of combustion
products due to a flame propagating with a burnvelgcity, S, relative to the unburned mixture is
equal to the venting of the reactants and produtie maximal overpressure in the enclosure
therefore is controlled by the external pressuyethe maximum flame area in the enclosure and by
the burning velocity. Modifications added by Bauwefl7] in 2012 have been taken into
consideration to improve the model for smaller veiaes in asymptotically approaching a constant
volume explosion pressurg,Pwhen the surface area approaches zero. A valBg ©1811.7 kPa was
found for a stoichiometric hydrogen-air mixturengsihe computer program Gaseq [18he external
pressure is equal to the pressure generated bgxtieenal explosion for the pressure peakaRd

6



depends on a fitted constant k is assumed to be at atmospheric pressurehoptessure peak.P
The maximal overpressure generated by the extexmddsion is evaluated for a flame propagating in
a hemispherical cloud with a volume considered kgutne flame volume in the chamber at the time
the flame exits the vent. The maximum flame arelagrwthe flame exits the vent depends on the
ignition location and the pressure peak being ctareid.

Bauwens et al. [19] have proposed that the infithethe velocity Sy controlling the pressure peak P
could be dependent on the Lewis number of the mexiy, following the expression: S& 0.9L'S,
with § the laminar flame speed. We have assumed thatS$S= 2.14 m.g in the present work by
reason of the Lewis number which is close to lafetoichiometric hydrogen-air mixture.

For the pressure peak, Rhe burning velocity increases due to flame-agousteractions and it is
modeled with the expression: Su=S_ where=, is a constant flame-wrinkling factor. The flame
wrinkling coefficient [9] published in 2012 [9] weh takes into account the effect of enclosure dspec
ratio has not been considered. Indeed, the flanieklivrg factor was assumed equal to 1 in order to
avoid higher overpressures generated at large asatempared to small scale since the amplitude of
the flame deformation is lower in the last casaledi frames recorded in our experiments have shown
a nearly smooth flame in the enclosure, from tinétign to the time Pwas reached.

According to this model, the maximum peak pressuregnted explosion could be modeled with two
fitted constants, kfor P, and=, for P.. The constantkwas adjusted ¢k= 3.21 n'11) by Bauwens et

al. [4] and Chao et al. [6], taking into accountested gas composed of 90% of products and 10% of
reactants. In the present work, it has been coresidbat this description is not easy to use praltyi

and only those products were considered, for whith easy to calculate properties as temperature,
molar mass, calorific capacity using an equilibricatculator softwareThen, a value of k= 9.26 nt

was obtained with a new fitting performed on theuBans et al. [4] [5] and Chao et al. [6]
experiments using a linear law giving an importaright to the higher pressure experimental data.
With this fitted value, a good agreement was oletdiand the absolute average deviation fas 27%

for the Bauwens et al. [4] [5] and Chao et al.d8periments.

The deviations of the model results from measuretessures according to the vent area and the
ignition location are reported in table 2 for thregsure peak;Rand in table 3 for the pressure peak P
With the exception of the 225 ément area (K= 1), the model gives rather good agreement with
experimental data for the pressure peakifce the mean deviation is about 36% for a cegtstion,

20% and 14% respectively for back wall ignitioniwk, = 2.8 and K= 4.6. For K = 1, which is a
non common vent coefficient used for safety dediga,model overpredicts the overpressure by 58%
and 72% respectively for a center ignition and ekbaall ignition.

Table 2. Comparison of measured overpresshifesind Bauwens model results according to the vent
area and the ignition location.

Center ignition Back wall ignition
((;AI,\T\]/Z) Ky AP, (kPa) AP, (kPa)
Measured | Bauwens | Deviation | Measured | Bauwens | Deviation
(%) (%)
225 1 3.1 4.9 58.1 5.0 8.6 72.0
81 |28 11.0 7.1 -35.5 25.0 19.9 -20.4
49 | 4.6 13.0 8.3 -36.1 27.8 31.6 13.7
25 9 - 10.1 - - 66.3 -
9 25 - 13.6 - - 269.3 -

For the pressure peak, Fhe model results are well correlated to expenialeresults for higher values
of K,. The maximal deviation is about 32% (back walltign and K,= 9) and the minimal deviation
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IS 6% (center ignition and & 25) for K, = 9 or more. For lower values of the vent coeffitighe
deviation values range from 54% (front wall ignitizvith K, = 1) to 124% (center ignition with k&
2.8).

Table 3. Comparison of measured overpressiifesind the Bauwens model results according to the
vent area and the ignition location.

Center ignition Back wall ignition Front wall ignition
((ﬁ‘r\{z) K AP, (kPa) AP, (kPa) AP, (kPa)
Measured | Bauwens | Deviation | Measured | Bauwens | Deviation | Measured | Bauwens | Deviation

(%) (%) (%)
225 1 - 0.6 - - 0.4 - 1.3 0.6 -53.9
81 |28 2.5 5.6 124.0 - 3.8 - 2.5 4.4 76.0
49 | 46 10.0 15.7 57.0 - 10.8 - 6.6 11.8 78.8
25 9 78.9 58.8 -25.5 61.5 41.6 -32.4 40.0 43.4 8.5
9 25 278.4 295.9 6.3 180.8 235.0 30.0 196.4 237.5 20.9

4.2 Molkov 1999 universal correlation

A dimensionless correlation to deal with vent gigiar gaseous deflagration was proposed by Molkov
in 1995 [14]. This correlation and more particufasome coefficients have been modified several
times to validate the model with experimental dav@ut hydrocarbon-air and hydrogen-air vented
deflagration. The study was focused in a first tiomethe correlations published in 1999 [16], the
conservative form of the correlation in 2001 [2@dathe last upgraded version in 2008 [21]. The
correlation consists of a first estimation of treflagration-outflow number. This number represents
the interaction between the unburned gases expklhed the vent with the burning process in the
enclosure. It characterizes the level of turbulgmeluced during the vented deflagration. Once the
deflagration-outflow number is calculated, the tueimt Bradley number which also depends on the
Bradley number [15] can be estimated. Then thepressure is evaluated from the turbulent Bradley
number. The maximal overpressures were calculatddtie three versions of the correlation for all
vent areas tested in our experiments. For eactelation and each ignition location, the absolute
deviations between modeled results and experimemishsures (maximal overpressure) were
calculated and were averaged for all vent areabléT4). Absolute deviations were considered to
avoid reducing the values of average deviationsesitegative deviations were observed for several
vent areas with all correlations except for thefrwall ignition. Moreover, when accidental exptwsi
occurs, the ignition can be located anywhere insi#eenclosure. For that reason the correlation
values were compared to the maximal experimentatpressureAP,, measured with the ignition
location which gave the maximaP,,, value, for each vent area (called LocationsXBy,. in table

4). The correlation of Molkov 1999 gave lower albéelaverage deviations than other versions as can
be seen in table 4.

Table 4. Absolute average deviation calculated wiitvent areas, for the correlations of Molkov 299
[16], Molkov 2001[20], Molkov 2008 [21] and for theaximal values given by Bauwens model
according to the ignition location.

I gnition L ocation Absolute average deviationsfor all vent areas (%)
Molkov 1999 | Molkov 2001 | Molkov 2008 AP, Bauwens
Center 27 60 93 29
Back wall 42 92 66 33
Front Wall 133 185 361 48
Locations for APy 31 60 46 26




The correlation of Molkov 1999 [16] was retainecb®compared to the Bauwens model since it gives
better results than Molkov 2001 [20] and Molkov 20[21] for our experimental configuration.
Consequently, the results obtained with the modeMolkov 1999 were compared to measured
maximal overpressures (eith&P; or AP,) for all ignition locations and vent areas of thiady (Table

5). The correlation does not take into accountigimtion location, therefore the deviations values
(Table 5) are high for the front wall ignition whiggenerates the lowest overpressure amplitudes
inside the enclosure except foy K25.

The model agrees the best with experimental vdlurethe central ignition which could be considered
as a “neutral” location. Indeed, the absolute ayerdeviation is 27% with all vent areas considered
(Table 4). The deviation between the model valueks the experimental measures decreases from -
35.5% to -1.6% when the vent coefficient incredsa® 1 to 25, except for & 4.6 (Table 5).

Table 5. Comparison of maximal overpressure meadiRg,, and Molkov 1999 correlation results
according to the vent area and the ignition locatio

Molkov Center ignition Back wall ignition Front wall ignition
((;Ar‘%’z) Ky (A1299) Measured | Deviation | Measured | peviation | Measured | peviation
max AP (%) AP (%) APy (%)
(kPa) (kPa) (kPa) (kPa)
225 1 2 3.1 -35.5 5.0 -60.0 1.3 53.9
8L |28 9 11.0 -18.2 25.0 -64.0 2.5 260.0
49 | 46 22 13.0 69.2 27.8 -20.1 6.6 233.3
25 9 71 78.9 -10.0 61.5 15.5 40.0 77.5
9 25 274 278.4 -1.6 180.8 51.6 196.4 39.5

In order to compare both models to predict the makioverpressure inside the enclosure, the
maximal overpressures resulting from the Bauwendainavere only retained, i.e. the maximal value
betweenAP; andAP, was considered for each vent area. The compadsomaximal overpressures
predicted by Bauwens model and Molkov 1999 cori@tatvith maximal overpressures measured
inside the enclosure, according to several venfficants (K, = 1 to K, = 9) and the three different
ignition locations, is shown in Fig. 6. Data foy 25 which gives the highest overpressure value are
not reported to make easier the analysis of thehigaThe absolute average deviation was calculated
with all vent areas according to the ignition leoat(Table 4). For a center ignition, it can beiced

that the Molkov 1999 correlation gives an absoauerage deviation slightly lower than the Bauwens
model, respectively 27% and 29%. Foy 4.6, the results of the Bauwens model is closesur
experimental results than the Molkov correlatioor & back wall ignition, the Bauwens model is more
accurate than the correlation of Molkov 1999, thedadute average deviation being respectively 33%
and 42%. As expected, the Bauwens model givesriresalts than Molkov 1999 for the front wall
ignition.

Both models are not conservative for some configuma (negative deviations in tables 2, 3 and 5).
Indeed, considering the maximal overpressure valthes Bauwens model is underpredicting for
central ignition with K = 9 and for back wall ignition with K= 2.8 and K = 9. The Molkov 1999
correlation is not conservative for central igmitwith K, = 4.6 and for back wall ignition with k= 9
and K, = 25.

When comparing both models with the maximal pressuneasured for a given vent area, whatever
the ignition location was (Table 4 and Fig. 7), #iesolute average deviations are close between the
two models (31% for the Molkov 1999 universal ctatien and 26% for the Bauwens model). It can
be seen in Fig. 7 that the Molkov correlation peedlithe maximal overpressure better than the
Bauwens model for the highest generated overpresqif, = 25). Otherwise the Bauwens model
correlates a little better than Molkov 1999 cortiela with experimental data concerning the maximal
overpressures which can occur during an accidégridion.

9



100

90 — Kv=1to9

~]
(=)
>
n

(o)
[e=]
[m]

o
o

o Bauwens Center Ignition
1 Molkov 1999 Center Ignition -
- ~ Bauwens Back Wall Ignition
20 . a a Molkov 1999 Back Wall Ignition
© Bauwens Front Wall Ignition B
® Molkov 1999 Front Wall Ignition
0 | |

0 20 40 60 80 100

Measured APmax (kPa)

Modeled APmax (kPa)
[92]

(9%}
=
>

Figure 6. Comparison of maximal overpressures ptedibythe Bauwensnodel an the Molkov
1999 model with maximal overpressures measureddifferentignition locations

300 .

Kv=1t025 /
250 /

]

Modeled APmax (kPa)
o

P
A

30 / = Bauwens Ignition Locations for DPmax
»

0 Molkov 1999 Ignition Locations for DPmax
v
0

0 50 100 130 200 250 300
Measured APmax (kPa)

,_.

Figure 7. Comparison of maximal overpressures ptedibythe Bauwensnodel ancthe Molkov
1999 model with the maximal overpressures meadordtie location giving the highest ovressure.

5.0 CONCLUSION

The influence of the vent area and the ign location on the overpressure generated insid
enclosure during a deflagration was investigated &0 stoichiometric hydrogeair mixture.
Experiments were performed in a small cubic enclsti 2375 cnd, with three ignition locations, i.
near ventat the center and close to the wall opposite tovérg. The five square vents, centerec
the front wall, presented a vent coefficier, ranging from 1 to 25. The pressure histories htwesva
the presence of three pressure peaks associatieel ven failure pressure (I, the external explosic
(Py) and the internal combustion where interactiowken the flame and the acoustics modes o
enclosure occurs P The study was focused on the two pressure g, and B, since each peak can
be the dominating pressure in our experiments.prassure peak generated by the external expl
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was not observed in case of front wall ignition avtthtever the ignition location was for small vents
areas (K > 9). Moreover, Helmholtz oscillations, which carpepr before the pressure peak produced
by the internal combustion, were only noticed fdragk wall ignition. As to be expected, the maximal
overpressure in the enclosure increased with tim eeefficient. The front wall ignition gave the
lowest overpressures for all the range of ventsateated. The back wall ignition caused highest
overpressures due to the pressure peakoPlarger vent areas (K= 1 to K, = 4.6). For small vent
areas (K > 9), the pressure peak Was dominant and the center ignition generatedntagimal
overpressure values as compared to others igrdeations.

Then, two models predicting the overpressure inaidenclosure during a vented deflagration were
compared to experimental values; the Bauwens nautthe Molkov 1999 universal correlation. The
Bauwens model is a simple physics based model wtachestimate the amplitude of the pressure
peaks P and B according the enclosure geometry, the vent atea,ignition location and the
obstacles configuration if present. The Molkov 129®relation is a dimensionless correlation which
allows predicting the maximal overpressure gendratside an enclosure during vented deflagration.
For the Bauwens model, it has been assumed aalifldime velocity equal to the laminar flame
velocity, considering the Lewis number to be apprately 0.9 for a stoichiometric hydrogen-air
mixture. Moreover, the flame wrinkling coefficiewas assumed to be 1 to avoid higher overpressures
generated at large scale and a new fitting valubetonstant-kwas performed on the Bauwens et al.
[4] and Chao et al.[6] experiments, giving=R.26 m". With these assumptions, the Bauwens model
gives rather good agreement with experimental ftatéhe pressure peal¢,Rexcept for k= 1. The
same observation can be made for the pressureReakcept for K < 4.6 for center and back wall
ignition and except for K< 9 for front wall ignition. In order to compare botnodels only the
maximal pressure was retained (eithepPPR,). Both models correlated rather well with expeiriad
values. The Molkov 1999 correlation gave approxetyasimilar results to the Bauwens model in case
of center ignition (absolute average deviation &¥2for Molkov 1999 and 29% for Bauwens) and
back wall ignition (absolute average deviation @f#for Molkov 1999 and 33% for Bauwens). In
case of front wall ignition, which gave the loweserpressures, the Bauwens model correlated better
than Molkov 1999 correlations which do not takeoimtccount the ignition location, the absolute
average deviation being respectively of 48% andd.Fnally, both models values were compared to
the maximal experimental overpressures values, unedsvith the ignition location which gave the
maximalAP,.x value, for each vent area. Indeed, when acciderfdbsion occurs, the ignition can be
located anywhere inside the enclosure. Both modaise results to experimental data, since the
absolute average deviation calculated to 26% feBhuwens model and to 31% for the Molkov 1999
correlation.

Future experiments will be performed at small sdalanvestigate the influence of the hydrogen
concentration and the obstruction on the pressemergted during vented explosion.
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