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Fig. 3 Structures of detonation cell in smooth tube Fig. 4 Relationships between detonation cell size
under different initial pressure (Unit: mm) and initial pressure in smooth tube
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Fig. 5 Detonation cellular structures for different thickness of sponge and PPI porosity at p;=20 kPa (Unit: mm)
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Fig. 8 Structures of the detonation cell under different sponge porosity conditions at p,=20 kPa and #=30 mm (Unit: mm)
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Fig. 9 Relationships between the average velocity of detonation wave and hydrogen mole fraction at 30 mm sponge thickness
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Fig. 10 Structures of the detonation cell under different wire mesh thickness conditions at p,=20 kPa and n,=20PPI (Unit: mm)
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Fig. 12 Structures of the detonation cell under different wire mesh porosity conditions at p,=20 kPa and /,=10 mm (Unit: mm)

035202-7



%38 4 BRERAE . RIFERIRIEZ LR T U MM 4 R L 53

X OIS A 2 FLAERE S W 22 £L B ur 18 2 B0 4 A 1, 18T 14 45 1 0, =20PPT # <5 & 9 Al
n=20PPI I A ¥ 205 Xof % 22 IS RS 2 i 2 o T UK B, 70 V58 B2 AR ) T, < i 22 o 4 40 o 41 1 S5
XS N s B T B 2 AL, i B B ) S A . (Gl o i 2R R T U L, 2 LM RLE
JEE BRI, V24 o A 55 B4 410 1) O ) 4 00T <6 i 22 I, AT R iR BB B, KR th TR 2 AL R R
BT O T, 32 ARSI AR, Tk AL K, 15 g [ I, e 4 1) BEL2E b % 2R T RN Ak, (A5 1 S5
WA T 22 D i R, R — 25 ] T R D AL

14 16

sl n,=20PPI
3l e n=20PPI
14}
E 12+ E 13+
= = 12F
Sy i
Z z 1
© o)
© o0t © 10t
9
9
8l
8 I I I I I 7 I I I I I
5 10 15 20 25 30 10 15 20 25 30
n./PPI Thickness/mm
13 p,=20 kPa, h,=10 mm 4 J& ] 14 p=20 kPa 4 Ja W R4 R B
FLBR AR AR MM RS )50 X HAS KT B
Fig. 13 Effect of wire mesh porosity on detonation Fig. 14  Effect of metal mesh and sponge thickness
cell size at p)=20 kPa and #,=10 mm on detonation cell size at p,=20 kPa
:|: N
3 Zn 'l«'e

W SE ARG T 2 F MR 22 LA BTN R MUAR S5 A | AR ROT SES B e . RS A5 SRR 45
MR A AL A S R 22 WY JEERE | SLBR R DA OC, IR R T 2SR R I B, A4 48 S8 R Ak
T PR R 5 A, S RS T s 5 VA B G T 22 YRR E L AL AR UIAE G, 38 K AL RHE B2
I /N FL B 56 240 B Jd 5 188 O 38 A IR F o el X L A T T 4 5 4 i 2 9 Ko 4 35 T A IR B 5 i
B, TEARTR) A5, W 22 LA Rk X 8 55 1) 41 o A P S i, {EL 3 b 22 B 25 B 22 FLOBA 1S J5E 88 1) 348 T 9t
No GBI BIATCENSEL Dy/A BACHT TR AL REIBR, X T 2 PRI NIPE 22 FL AR, AR 22 A4 45 A B
AL L L AL R Dy/A=3.0 Fil Dy/A=3.1,

522 3k

[1] DINCER I, ACAR C. Review and evaluation of hydrogen production methods for better sustainability [J]. International Journal
of Hydrogen Energy, 2015, 40(34): 11094-11111.

[2] VERHELST S, WALLNER T. Hydrogen-fueled internal combustion engines [J]. Progress in Energy and Combustion Science,
2009, 35(6): 490-527.

[3] ZHENG L G, DOU Z G, DU D P, et al. Study on explosion characteristics of premixed hydrogen/biogas/air mixture in a duct [J].
International Journal of Hydrogen Energy, 2019, 44(49): 27159-27173.

[4] MOLNARNE M, SCHROEDER V. Hazardous properties of hydrogen and hydrogen containing fuel gases [J]. Process Safety
and Environmental Protection, 2019, 130: 1-5.

[5] WU XL, XU S, PANG A M, et al. Hazard evaluation of ignition sensitivity and explosion severity for three typical MH, (M=
Mg, Ti, Zr) of energetic materials [J]. Defence Technology, 2021, 17(4): 1262—1268.

[6] ALVES JJN, NETO A T P, ARAUJO A C B, et al. Overview and experimental verification of models to classify hazardous

035202-8


https://doi.org/10.1016/j.ijhydene.2014.12.035
https://doi.org/10.1016/j.ijhydene.2014.12.035
https://doi.org/10.1016/j.pecs.2009.08.001
https://doi.org/10.1016/j.ijhydene.2019.08.156
https://doi.org/10.1016/j.psep.2019.07.012
https://doi.org/10.1016/j.psep.2019.07.012
https://doi.org/10.1016/j.dt.2020.06.011

%38 4 B R WIVERNSNE ZALAPRAE T S USRS S A i A AL 53

areas [J]. Process Safety and Environmental Protection, 2019, 122: 102-117.

[7] JIAO F Y, ZHANG H R, LI W J, et al. Experimental and numerical study of the influence of initial temperature on explosion
limits and explosion process of syngas-air mixtures [J]. International Journal of Hydrogen Energy, 2022, 47(52): 22261-22272.

[8] CHEN Y R, CHANG J, BUSSONNIERE A, et al. Evaluation of wettability of mineral particles via cavitation thresholds [J].
Powder Technology, 2020, 362: 334-340.

[9] ROYLE M, WILLOUGHBY D. The safety of the future hydrogen economy [J]. Process Safety and Environmental Protection,
2011, 89(6): 452-462.

[10] HALIM S Z, YU M X, ESCOBAR H, et al. Towards a causal model from pipeline incident data analysis [J]. Process Safety and
Environmental Protection, 2020, 143: 348-360.

[11] AIZAWA K, YOSHINO S, MOGI T, et al. Study of detonation initiation in hydrogen/air flow [J]. Shock Waves, 2008, 18(4):
299-305.

[12] EVANS M W, GIVEN F [, RICHESON W E JR. Effects of attenuating materials on detonation induction distances in gases [J].
Journal of Applied Physics, 1955, 26(9): 1111-1113.

[13] TEODORCZYK A, LEE J H S. Detonation attenuation by foams and wire meshes lining the walls [J]. Shock Waves, 1995,
4(4): 225-236.

(14] JEPUIT, 2550F. k-2 SRR HY KM T 7E B8 T8 P RS IN L 3l [J]. B KE 5 b, 2000, 20(2): 137-142.

ZHOU K Y, LI Z F. Flame front acceleration of propane-air deflagration in straight tubes [J]. Explosion and Shock Waves,
2000, 20(2): 137-142.

[15] 4RI, JAYLIT, TOUR, 55, SARESR I 7Er AW ORE T e PSR A8 [J]. 5556 7127, 2005, 20(1): 37-43.

NIAN W M, ZHOU K Y, WANG H L, et al. The re-intension process of gaseous detonation downstream of the acoustic
absorbing walled section [J]. Journal of Experimental Mechanics, 2005, 20(1): 37-43.

[16] E A, BT, SARIBESE AL 90HTE L TP B HE I MRS 25 M A £k [0]. 48 HE 5 ik, 2005, 25(2): 151-156.

XIA C J, ZHOU K Y. Cellular structure evolution of gaseous detonation in a 90° rectangular bend [J]. Explosion and Shock
Waves, 2005, 25(2): 151-156.

(17] EBR, BT, Bk, 5. ARSI 18 h SR AR SRS (9], KRB, 2005, 14(3): 177-181.

WANG H L, ZHOU K Y, YANG Z, et al. Experimental study of diffraction and reflection of gaseous detonation wave in the
tube [J]. Fire Safety Science, 2005, 14(3): 177-181.

(18] #35, JAYLIC, WAL %, 4. Z B P AR KA AL A SCIRBIETE [7]. KR, 2006, 15(3): 111-115.

YANG Z, ZHOU K Y, XIE L J, et al. Experimental study of flame transition in the “Z” type tube [J]. Fire Safety Science, 2006,
15(3): 111-115.

[19] GUO C, THOMAS G, LI J, et al. Experimental study of gaseous detonation propagation over acoustically absorbing walls [J].
Shock Waves, 2002, 11(5): 353-359.

[20] BIVOL G Y, GOLOVASTOV S V, GOLUB V V. Attenuation and recovery of detonation wave after passing through
acoustically absorbing section in hydrogen-air mixture at atmospheric pressure [J]. Journal of Loss Prevention in the Process
Industries, 2016, 43: 311-314.

[21] ZHANG B. The influence of wall roughness on detonation limits in hydrogen-oxygen mixture [J]. Combustion and Flame,
2016, 169: 333-339.

[22] BIVOL G Y, GOLOVASTOV S V, GOLUB V V. Effects of the pore size on hydrogen-air detonation propagation in the
channel with porous walls [J]. Journal of Physics: Conference Series, 2019, 1147: 012046.

[23] MALIK K, ZBIKOWSKI M, TEODORCZYK A. Detonation cell size model based on deep neural network for hydrogen,
methane and propane mixtures with air and oxygen [J]. Nuclear Engineering and Technology, 2019, 51(2): 424-431.

[24] SUN X X, LU S X. Effect of orifice plate on the transmission mechanism of a detonation wave in hydrogen-oxygen mixtures [J].
International Journal of Hydrogen Energy, 2020, 45(22): 12593-12603.

[25] KANESHIGE M, SHEPHERD J E. Detonation database: technical report FM97-8, GALCIT [EB/OL]. (1999-09-03)[2023-03-01].
https://shepherd.caltech.edu/EDL/publications/m_kane97b/db.pdf.

[26] LIU S Z, CHEN X, ZHAO N B, et al. Experimental study on initiation and propagation behavior of propane/oxygen/nitrogen
detonation wave [J]. Fuel, 2021, 293: 120487.

[27] ZHANG B. Detonation limits in methane-hydrogen-oxygen mixtures: dominant effect of induction length [J]. International
Journal of Hydrogen Energy, 2019, 44(41): 23532-23537.

[28] PERALDI O, KNYSTAUTAS R, LEE J H. Criteria for transition to detonation in tubes [J]. Symposium (International) on
Combustion, 1988, 21(1): 1629-1637.

035202-9


https://doi.org/10.1016/j.psep.2018.11.021
https://doi.org/10.1016/j.ijhydene.2022.05.017
https://doi.org/10.1016/j.powtec.2019.11.069
https://doi.org/10.1016/j.psep.2011.09.003
https://doi.org/10.1016/j.psep.2020.06.047
https://doi.org/10.1016/j.psep.2020.06.047
https://doi.org/10.1007/s00193-008-0166-6
https://doi.org/10.1063/1.1722162
https://doi.org/10.1007/BF01414988
https://doi.org/10.3321/j.issn:1001-1455.2000.02.008
https://doi.org/10.3321/j.issn:1001-1455.2000.02.008
https://doi.org/10.3969/j.issn.1001-4888.2005.01.006
https://doi.org/10.3969/j.issn.1001-4888.2005.01.006
https://doi.org/10.11883/1001-1455(2005)02-0151-06
https://doi.org/10.11883/1001-1455(2005)02-0151-06
https://doi.org/10.11883/1001-1455(2005)02-0151-06
https://doi.org/10.3969/j.issn.1004-5309.2006.03.001
https://doi.org/10.3969/j.issn.1004-5309.2006.03.001
https://doi.org/10.1007/s001930100113
https://doi.org/10.1016/j.jlp.2016.05.032
https://doi.org/10.1016/j.jlp.2016.05.032
https://doi.org/10.1016/j.combustflame.2016.05.003
https://doi.org/10.1088/1742-6596/1147/1/012046
https://doi.org/10.1016/j.net.2018.11.004
https://doi.org/10.1016/j.ijhydene.2020.02.162
https://doi.org/10.1016/j.fuel.2021.120487
https://doi.org/10.1016/j.ijhydene.2019.07.053
https://doi.org/10.1016/j.ijhydene.2019.07.053
https://doi.org/10.1016/S0082-0784(88)80396-5
https://doi.org/10.1016/S0082-0784(88)80396-5

5 38 45 B R WIVERNSNE ZALAPRAE T S USRS S A i A AL 53

[29] CROSS M, CICCARELLI G. DDT and detonation propagation limits in an obstacle filled tube [J]. Journal of Loss Prevention
in the Process Industries, 2015, 36: 380-386.

Evolution Law of Hydrogen Detonation Cellular Structure
under the Effect of Rigid and Flexible Porous Materials

LUO Ronggin', PENG Ao', ZHANG Jingwen', WANG Jun', CHEN Xianfeng',
SHEN Liyuan®, SHI Jihao®, SUN Xuxu'

(1. School of Safety Science and Emergency Management, Wuhan University of Technology, Wuhan 430070, Hubei, China;
2. China Fire and Rescue Institute, Beijing 102220, China;
3. Department of Building Environment and Energy Engineering, The Hong Kong Polytechnic University,
Hong Kong 75843, China)

Abstract: As highly efficient absorbing and dissipating materials, porous materials were widely used in the
study of detonation wave attenuation. In order to further explore the mechanism of explosion suppression by
porous materials, the effects of typical flexible (sponge) and rigid (wire mesh) porous materials on the
detonation cellular structure for hydrogen and oxygen mixture were investigated systematically. The effects
of thickness and porosity of sponge and wire mesh on the structure and size of detonation cell were discussed
in detail. The cellular pattern of detonation wave was recorded by using smoke plate technology, and the cell
size was calculated. The pressure sensors were used to record the arrival time of the detonation wave, and the
average propagation velocity of detonation wave was obtained. The results show that the detonation cellular
structure closely depends on the thickness and porosity of sponge and wire mesh, and three phases of the
propagation can be observed in the tube, including detonation failure, acceleration and re-initiation. In
addition, size of the detonation cell is also closely related to the thickness and porosity of sponge and wire
mesh. Increasing the thickness of porous materials and decreasing the porosity both can increase the size of
the detonation cell. By comparing the effects of sponge and wire mesh on the detonation cellular structure, it
can be found that at the same initial condition, the rigid porous material has a stronger inhibition effect on
detonation. But the difference will be gradually decreased with the increase of the thickness of the porous
materials. Finally, the limit of the detonation propagation is analyzed quantitatively by introducing the
dimensionless parameter D,/A. For flexible and rigid porous materials, the detonation limit can be nearly
quantified as D,/A~3.0 and D,/A=3.1.

Keywords: detonation cellular structure; flexible porous material; rigid porous material; detonation limit;
hydrogen

035202-10


https://doi.org/10.1016/j.jlp.2014.11.020
https://doi.org/10.1016/j.jlp.2014.11.020

	1 实验装置和方法
	2 实验结果和讨论
	2.1 光滑管道内的爆轰胞格结构
	2.2 海绵对爆轰胞格结构的影响
	2.3 金属丝网对胞格结构的影响

	3 结　论
	参考文献

