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Hydrogen Explosion Suppression Using Shear
Thickening Fluid Composite with Porous Matrices

FAN Chen ,CHEN Xian-feng ,NIU Yi,MA Tian-ming ,HAN Lu-yang ,HUANG Chu-yuan
(School of Safety Science and Emergency Management, Wuhan University
of Technology , Wuhan 430070 , China)

Abstract; Shear thickening fluid( STF) possesses reversible energy absorption capacity , superior vibration isola-
tion performance,and inherent flame-retardant properties. Consequently,, STF is being investigated for composite inte-
gration with conventional porous explosion-proof materials to enhance explosion-proof performance. The new porous
explosion-proof material STF@ Cu was prepared through pressure impregnation, utilizing copper foam as the substrate
and introducing a shear-thickening fluid coating. To evaluate the explosion-proof performance of STF@ Cu in a hydro-
gen-air premixed gas explosion,the composite material was installed at the terminal segment of the second section of
a horizontally designed pipeline. The study utilized shadowgraph imaging and pressure sensor arrays to examine how

STF@ Cu influences flame morphology and pressure isolation by systematically varying the concentration of gas-phase
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silica in the shear thickening fluid(0% ,5% ,10% ) and the copper foam porosity (20 PPI,40 PPI,60 PPI). The re-

sults demonstrate that the filling of the new porous explosion-proof material STF@ Cu, compared with the empty ex-

plosion and copper foam, significantly reduces both peak overpressure and maximum pressure rise rate within the

pipeline. Meanwhile, the blocking effect on hydrogen detonation is positively correlated with both shear thickening

fluid dispersion phase concentration and copper foam porosity. More importantly , the implementation of STF@ Cu with

a 10% shear thickening fluid concentration and 60 PPI porosity achieves reductions of 82. 75% and 41.48% in

maximum explosion pressure compared to empty pipeline conditions and copper foam configurations ,respectively.
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Table 1 Experimental conditions

5 AR STRHE s
Index  Porosity/ STF Naljning
number PPIL concentration/ %
1 20 20 PPI Cu
2 40 0 40 PPI Cu
3 60 60 PPI Cu
4 20 5 -STF@20 - Cu
5 40 5 5 -STF@40 - Cu
6 60 5 -STF@ 60 - Cu
7 20 10 - STF@20 - Cu
8 40 10 10 - STF@40 - Cu
9 60 10 - STF@ 60 - Cu
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Fig. 1 Explosion-proof test platform
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Fig. 2 The barrier effect of STF@ Cu on hydrogen explosion flame propagation
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Table 2 STF@ Cu on the maximum explosion pressure rate of hydrogen gas
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Fig. 6 Explosion-Proof mechanism of STF@ Cu

BEAN LR A 5 B 2 1 AR R T A T
B, DT B Jey 3ot 4, B iR A Ak 4% Ak A o
di k. WK 7 A 8 ik, & SiO, () STF A5 HA
— 5 B BELA Y, AR 8 IR 45 1 i HE DA A M TR
e b, SEPIR A, AR Lk R bR, B A
STF J& , WL IR AR 2 B G2 LAY 2% , I H AR KE v
dR AR BIEAS . £ Tk, STF %2 Ay
TR SER R R 15 F 388 3 10T L 43 H0R e wh o % g
AR e

(a) B HIT

(a) Before explosion—proofing

(b) FsR)5
(b) After explosion—proofing
B 7 RSB A S A Al
Fig. 7 Appearance changes of copper foam

before and after explosion

NGRS

(a) PRARTT

(a) Before explosion—proofing

(b) PR )5
(b) After explosion—proofing

8 STF@ Cu f#KERTA 5L
Fig. 8 Appearance changes of STF@ Cu

before and after explosion

3 #ig

ARS8 T BY U HG R IRCFN I R R 2 A 1B
PR B BL STF@ Cu, 5T T HXH & -2 KBRS
BRERRCR I R T STF@ Cu YRR HLIE, 52
RN .

(1)STF@ Cu AJ LU R4 b 11 ok S0 K 1) 1 g A
KM, Hom M TS 10% v 3 B 1 0 B, LR R



Ha2t H4al R, Bk

B HR L & AL R S B BRI 5T 193

60PPI 3 (K 4 (1) STF@ Cu B}, fe R e B R AH X+
EREREART 82. 75% , AT T H— YL UK i A T
41.48% 52 G By UIEBIRHT , KCIATE T T, K AT
WRERIE, A3V, KI5 2150
W HRRI, K Ma1B 2 STF WG LA HL T 2585
Bl BEE R G WA RLFL B R STF Uk J2 1k B 1
o, kG RA B RIRY . teAh , oK S T
RN T e, H T STF X2 K4 i fLBR A %5
BHZERON , 15 T AL I8 Py Wi KA I 07 T3k
M = TAL AR P o

(2) STF {8136 BR8N A D o i T+ T 31
T (R B R M B, A AR e T Y TR 5 e 4l B AR
TR B BE  BETE T IR 1Y) 1 2P RE

2 3Lk ( References)

[1] MESSAOUDANI Z Labidine, RIGAS F,HAMID M D B, et
al. Hazards, safety and knowledge gaps on hydrogen trans-
mission via natural gas grid; A critical review[ J]. Interna-
tional Journal of Hydrogen Energy,2016,41(39) :17511-
17525.

(2] BeEde,E BB R, ZALMORET SRR IR
P HURPE R R ERT T[T ], R AE 5 vhid;,2020,40(9)
113-121.

[2] DUAN Yu-long, WANG Shuo, HE Sen,et al. Characteris-
tics of gas explosion to diffusion combustion under porous
materials[ J]. Explosion And Shock Waves,2020,40(9) .
113-121. (in Chinese)

(3] JMGEHE AL o1, BRELAF, 45 B 8 2 fL Ak 4 J8 4 R
JAMFEAPEREWT 5E [T ], v [ 22 4 B} 2 2 4, 2015,
25(7) :74-79.

[3] XING Zhi-xiang, DU Zhen, OU Hong-xiang, et al. Study
on fire resistence-explosion proof performance of mnovel
porous non-metallic material [ J]. China Safety Science
Journal ,2015,25(7) :74-79. (in Chinese)

(4] JE 3, 00, BIT U, 45 BB AR &8 AR B e
LA MG PLBE TS ()], W B 4 4, 2022,
36(6) :182-189.

[4] TANG Yi, YUAN Ya-long, LI Kai-yuan, et al. Explosion
suppression performance of spherical non-metallic materi-
alsfor methane hydrogen-doped syngas explosion[ J]. Chi-
nese Journal of High Pressure Physics,2022,36(6) :182-
189. (iin Chinese)

[5] LIYi,ZHAO Qi,LIU Li-juan, et al. Investigation on the
flame and explosion suppression of hydrogen/air mixtures
by porous copper foams in the pipe with large aspect ratio
[J]. Journal of Loss Prevention in the Process Industries ,
2022,76:104744.

[6] DUAN Yu-long, LONG Feng-ying, HUANG Jun, et al.

Effects of porous materials with different thickness and

[10]

[10]

[11]

[12]

[12]

[13]

[13]

[14]

[14]

obstacle layout on methane/hydrogen mixture explosion
with low hydrogen ratio[ J]. International Journal of Hy-
drogen Energy,2022,47(63) .27237-27249.
HE Yun-long, FANG Quan, YUAN Bi-he, et al. Explosion
evolution behavior of methane/air premixed gas in a
closed pipe filled with a bio-based porous material [ J].
Fuel,2022,318.:123716.
JEON H,ELIASSON V. Shock wave interactions with liq-
uid sheets[ J |. Experiments in Fluids,2017,58(4) :24.
DAWSON M A. Composite plates with a layer of fluid-
filled , reticulated foam for blast protection of infrastructure
[J]. International Journal of Impact Engineering, 2009,
36(10) :1288-1295.
PIKE , I AR R AR P9 H2/ Air TR SRR SR 14
HUEBAETE [J]. 40 ,2020,37(4) :155-165.
SUN Cong-huang, QU Yan-dong. Numerical simulation of
combustion and explosion characteristics of premixed
H2/Air gas in characteristic tubes [ J]. Blasting, 2020,
37(4) :155-165. (in Chinese)
NIE Bai-sheng, HE Xue-qiu, ZHANG Ru-ming, et al.
The roles of foam ceramics in suppression of gas explo-
sion overpressure and quenching of flame propagation
[J]. Journal of Hazardous Materials, 2011, 192 (2):
741-747.
TR Il BTN, 5. 100% ¥ -5 vk J3E of A
Er P e R KRR R0 0, SE B 7 [0 ] 4R, 2020,
37(1) :134-140.
XU Jing-de, FENG Ruo-chen, TIAN Si-yu, et al. Excita-
tion effect of methane explosion propagation under condi-
tion of coupling of 100% blocking probability and con-
centration gradient[ J ]. Blasting,2020,37 (1) :134-140.
(in Chinese)
RIS AR B0 RAE N , 45 32 FR 2 [ PN BU 0TIt e e
TP I U 7 4 Al A SE B ST [T ] i, 2021,
38(2) :160-166.
LIU Meng-jie, XU Jing-de, ZHANG Yan-wei, et al. Ex-
perimental study on evolution of flow field near gas ex-
plosion barriers in confined space [ J]. Blasting, 2021,
38(2) :160-166. (in Chinese)
SRIERK BT, 2% T, A5 B U0 HE AR A AR R
WFFEEREL T ] AL TR AR, 2021 ,49 (12) :236-241.
ZHANG Jin-qiu, ZHAO Ming-mei, LI Xin, et al. Re-
search progress on rheological property of shear thicken-
ing Fluid[ J]. New Chemical Materials,2021,49(12) .
236-241. (in Chinese)
WAITUKAITIS S R,JAEGER H M. Impact-activated so-
lidification of dense suspensions via dynamic jamming

fronts[ J]. Nature, 2012 ,487 (7406 ) :205-209.

(T4% 214 )



