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1 Introduction

The increasing consumption of the conventionallsiiebased fuels, and the relevantly environmertaterns,
motivate the prospection and development of newggnasources. Due to its cleanliness and efficiency,
hydrogen is under consideration as an alternathergy carrier. However, its lower ignition energyider
flammability and higher propensity for leakage gase the explosion hazards in the stockage, tretasipa and
distribution of hydrogen. In the industry, they arually considered as resulting from the onset détonation
wave or from theDeflagration to Detonation Transition (DDT) following the flame acceleration. In recently
years, Bozier et al. [1], Cheng et al.[2-3], Chabns al.[4], Matignon et al.[5], Medvedev et alT§, Takita et
al.[8] and Yoshida et al.[9] had verified that thddition of a small amount of inhibitors (e.g. paop or
methane) had attenuated thg/Adr mixtures detonation properties. It is therefasf particular importance to
further study the characteristics of DDT phenoménauch binary fuels HMCsHg-Air mixtures in order to
evaluate the potential risk of hydrogen industii@hgerous scenarios.

An effort is made in present paper to carry outeaperimental investigation of the DDT phenomenahef
binary fuel H/CsHg-Air mixtures ina stainless steel cylindrical tulaénormal pressure and temperature. The
studied mixture equivalence ratioranges from 0.7 to 1.8 and thegrolar fractionx varies from 0.5 to 1. The
mixture compositions are given by:

D [X Hpyt+ (1X) CoHg] + (5-4.5) (O, + 3.76 N);  x= Hy/(H; + C3Hg)

The run-up distances to DDTLppt, are measured. The variationslghr with @, x, and the correlatiohppr=
f(1) are given, respectively. The criterid <d’ [Peraldi et al.[10]Jand_>7A [Dorofeev et al.[11]], wherd
denotes the characteristic siZerepresents the detonation cell size dhdignifies the transverse dimension of
the unobstructed passage in the channel with dbs)ao obtain DDT phenomenon are finally evidenced

2 Experimental facilities

A typical sketch of experimental facilities is peased in Fig.1. All the experiments are carriediowt stainless-
steel cylindrical tube with 52-mm inner diametebDjland 8.7-m length at normal pressure and tenyeral he
tube is formed by two sections. Eleven piezoelegiressure transducers (KISTLER 603Byslrise time) are
used in the experiments. Nine transducers locdtmtyahe first section (2-m length) are appliecbtiain the
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pressure-times records in the period of flame ata#bn at different axial location, and two othplaced at the
end of the second section (6.7-m length) are ueeuetify whether the self-sustained detonation wisve
obtained at the end of the tube or not. The studiedures are ignited by an automotive spark pluth \about
15-mJdischarge energy. A Schelkin spiral with a blockagio B.R=0.5, a pitch equal to the tube I.D and a
length of 2.1 m close to the ignition point is @ddn the tube in order to accelerate flame.
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Figure 1. Sketch of experimental facilities.

3 Results and discussion

3.1 Determination of the run-up distance to DDTLppr

240 1 2200 |

220 - E ‘ ‘
g 2000 £ i | | 1
200 F——— T —— g T — —— — ]
_ 1800 F c
180 [ n g \ |
"\m-.../—-._ — fL ppr=70Ccm ‘ ‘ ‘
160 = . g 1600; SRS Y S Bl
140 L ; 4 1400 g ‘ ‘ -6lc; ‘ ‘
g 120 3 w 1200 F H | | I |
> —T5 c —_ — --§-——‘——‘——\——-¢—a—_;.__\__.
100 —T6 > 1000 g E ‘ ‘ p ‘ ‘
80 —T7 800 [ : : : :
60 _g 600 | i [ | |=®=1.0;x=0.9
40 ¢ e 400 F : : : |
20 200 i \ \ | \
0 0 L L L ; L L L Il Lo
3 4 5 6 7 8 9 0 50 100 150 200 250 300 350 400
tms X cm

Figure 2. A typical example of DDT pressure- Figure 3. An example of determination of the runeigiance
time records for the mixturd=1.0;x=0.95. to DDT Lppt for the mixture®=1.0;x=0.95.

A typical DDT pressure-time records of nine trareats in the 2-m length first section is presente#ig. 2 for
the mixture®=1.0,x=0.95. X denotes the distance of different transdsifrom the ignition point, T denotes the
pressure transducers and 1 indicates the trajestari the flame, shock or detonation fronts. Theragye
velocities V are deduced from the front time-ofazal measured by the transducers, so the diagraxncen be
correspondingly plotted in Fig.Bc; represents the theoretical CJ velocity, 0 8signifies the front velocity at
the exit of spiral and, shows the sound speed in combustion products.rditwpto Figs. 2 and 3, three stages
of flame propagation can be observed: 1) Low-vé&jodiame propagation following ignition; 2) Flame
acceleration and fast deflagration or the chokiegime and 3) DDT phenomena. From the diagram kX, t
run-up distance to DDTppt can be determined with the horizontal coordindtthe intersection point between
the straight-line of 0B¢; and the profiles of the front velocity V. The measi quasi detonation velocity is
always slightly smaller thabc; because of the momentum losses on the spiraltentidat losses on the tube
wall during the flame, shock or detonation propagat
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3.2 Variations of Lppr with x, @

The variations of the run-up distance to DIDJpr with @, x are shown in Figs 4 and 5, respectivelypt
increases whewr decreases or propane is added in th&\id mixtures. From Fig.5, we can observe that the
Lopr® curve shows a classical U-shaped form. For a giyéppt is always minimum for thetoichiometric or
slightly rich equivalence ratiosbE1.0-1.2). As for a fixedb, Lppr varies from 60 to 180 cm. This indicates that
the addition of propane in such binary fuels insesathe chemical induction length, and decreasesitAir
mixture sensitivity. The run-up distance to DIDFpt accordingly increases. In addition, as observe@Jiron
variations of the detonation cell sideof the studied mixtures with and®, it is seen that the studied mixtures
represent the detonation characteristics AH mixtures in case of 0.8 x<1, and propane plays a dominant
role in such binary fuels whenvaries 0.5 to 0.8, because propane molar massaigdr than hydrogen.
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Figure 4. Variations dfppr with x. Figure 5. Variations of ppt with @.

3.3 CorrelationsLppr with A

For conventional (H,,-Air/H ,-Air mixtures, a relation betwedr,pt and4 has been evidencetgpr~(30-40))

by Sorin et al.[12-14]. On the basis of our expental results, a similar correlation is observedFig. 6 is
represented variatioppr as a function of the detonation cell sizfor the studied mixtures. It is observed that
the ratioLppt//4 varies from 25-40 and seems be independert Ofr results are in good accordance with those
obtained in [12-14]. Therefore, the correlatiashr~(25-40)% can be considered as an estimatéggr for the
studied mixtures.
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Figure 6. Evolution ofpp1/A with x.
3.4 Criteria of A<d’ and L>7A

In order to obtain the onset of detonation in cldsnvith obstacles, the criteria<<d’ [Peraldi et al.[10]] and
L>71 [Dorofeev et al.[11]] are necessarily satisfieds generally defined as follows:

I.D+S

="~ — >7)
2(1-d'/1.D)
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L=338 mm

Figure 7. Sketch of Schelkin spiral geometricalha@acteristic sizé and transverse dimensidhof the
unobstructed passagethe 1.D=52 mm tube.

Where L denotes the characteristic sizerepresents the detonation cell size ahdsignifies the transverse
dimension of the unobstructed passage in the chanitk obstacles. In present paper, the geometrical
characteristics of the Schelkin spiral are depiatefig. 7.e signifies the thickness or external diameter ofapi
Therefore,d’'(d’=1.D-€) is on the order of 44 mm. The geometrically chamastic sizeL is deduced from the
above formula and is about 338 mm. Therefore, Hré@tions of the ratiod’/A, andL/7A can be plotted in the
Figs 8 and 9 as a function of the molar fractiomypdrogenx. From both figures, it is seen that the ratiod,
varies from 0.8 to 4.5, whilk/74 ranges from 0.92 to 6.2. Namely, both ratibsl, andL/71 are nearly higher
than 1. So, the criteria to achieve DDT phenomeedudfilled for the studied mixtures.
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Figure 8. Variations of ratid’'/A with Xx. Figure 9. Variations of ratib/7/ with x.

4 Conclusions

An experimental investigation of Deflagration-totbeation TransitionDT) phenomena in the binary fuels
hydrogen (H)/propane (GHg)-Air mixtures is carried out. All the experimeratee performed in a stainless steel
cylindrical tube with 52-mm inner diameter and #&7iength at normal pressure and temperature with
equivalence rati@ ranging from 0.8 to 1.8 and.Hinolar fractions< varying from 0.5 to 1. A classical Schelkin
spiral is used to promote the flame acceleratiahthe onset of detonation. The run-up distancd3Dd, Lppr,

are measured. The variationslghr with @, x and the correlatiohppr= f(1) are given, respectively. The criteria
(A=<d’ andL>71) to obtain DDT phenomenon are validated.

The mainly conclusions are:

1) For the studied binary fuels/Air mixturés,pt varies from 60 to 180 cm whervaries from 1 to 0.5.

2) Lppt increases wher decreases or propane is added in thé\id mixtures. For a giver, Lppt is always
minimum for thestoichiometric or slightly rich mixtures.

3) A correlation betweebpprandA is obtainedLppr= (25-40)4.

4) The criteria 4 <d' andL>7/) to obtain DDT phenomenon are satisfied. The satibl, varies from 0.8 to 4.5,
andL/7A ranges from 0.92 to 6.2.
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