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Propagation characteristics of hydrogen-air detonation
in bifurcated tubes with different angles

YU Jianliang, ZHAN Xiaobing, LYU Xianshu, HOU Yujie, YAN Xingqing, YU Xiaozhe
(School of Chemical Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Study on propagation characteristics of detonation in bifurcated tubes is of great significance to the safety protection
of gas explosion in pipelines and engineering application. The propagation states of detonation vary with the geometrical
structure when passing through the bifurcated tee. Based on the detonation circular test tube, the stoichiometric hydrogen-air
mixture gas with 29.5% H, in the volume fraction under different initial pressures was ignited by a 10-kV double high-voltage
electrode to be detonated before entering the 30°, 45° and 90° bifurcation tees, respectively. The propagation characteristics of
the detonation in the bifurcated tubes were analyzed based on the propagation velocity and cellular structure evolution
characteristics obtained from the feedback signals of flame sensors and smoke-foils records. The results show that the H,/air
detonation will decay when it passes through a bifurcated tee which is affected by rarefaction wave, but it is only a local
phenomenon. The detonation re-initiation is gradually completed from regular reflection to Mach reflection after collision of
incident shock wave and wall. In the straight branch tube, the detonation decay is mainly affected by the inlet area of the
collateral branch tube. With the increase of the bifurcation angle, the inlet area decreases, and the detonation decay and re-
initiation distance decrease as well. In the collateral branch tube, the detonation decay is affected by both the inlet area of the
collateral branch tube and the gradual expansion of the section. When the bifurcated angle exceeds the critical value, the inlet
area becomes the main influence factor. In addition, it is proved that increasing the experimental initial pressure of premixed
gas can significantly improve the detonation stability and weaken the influence of bifurcation geometry. The mechanism of
detonation decay and re-initiation in the bifurcated tubes is clarified by this study, which enriches the study of detonation

diffraction and contributes to provide a scientific reference for engineering application and taking proper measures of explosion
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safety protection of gas pipelines as well.
Keywords: bifurcated tube; bifurcated angle; hydrogen/air detonation; detonation diffraction; detonation decay; detonation re-

initiation
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Fig. 1 Experimental system

ST PR A4 e, 26 TOUIES SO PP 8 25 M L0025 45 29.5% HyJair) U, IR 24 b, ff
FH 075 50 S0 028 BT 0.1 kPa, JBA R MR 2 BE 52 9T 08 P T o, S B, I i )
SRR A YL 5 M R R

BRI, K A 223 52505 [ B DUTA LightDe AU {6 ER 22T, Sert — b A58 &
e THT T SR 10 35, 3003 e B L L TR U £ 2, R e R R R M. SR Fh
P 5 0 B0 A T80 0 KA R B 6 b 4R 6 (RS, ke
T 2, DRI e I 135 0 A R D B T FLEA B 5 S 2 IR, AR
T A A B B 15 5 O], ZE A
FRARTR R R R G R TIMAER S, AR PO i 05300 2000

R R A S AR B B e T —

1A I P B B R 5 T 2, B K [ ™
e T 285 R TS SR 1 10 . PR T A

0 TFEE] 5.4V, ANFE b 4% HIZFT s . ARAEAIAE K i S
e FEa B R L G R, AT g 3 3000 2
IR, P AT L 3 R S o] 2700 5
4 A KRR 1], OB B d,=300 mm, H4i | 2400
) JOH 55 B I 192 d2,=0.153 ms, P49 o 2100
FERR I FE vy=dory/dey=1961.8 ms. 4630175 ) e iz ° J1 500

0 0.1 02 03 04 05 06 0.7 0.8 09
Time/ms
K2 B IIAES I RE S b

Fig. 2 Acquisition and processing of explosion flame signals
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Fig. 4 Velocity variation of detonation wave through different degree bifurcated tees entering into the straight branch tube
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