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Effect of Equivalent Ratio on the Deflagration Characteristics of Hydrogen in the Weak Constraint Condition
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Abstract : To study the combustion and explosion characteristics of hydrogen/air premixed gas under weak constraint
condition, hydrogen explosion experiments were carried out with latex balloons as the reaction vessels. The flame propagation
pattern, temperature field distribution, flame velocity and explosion pressure with different equivalent ratios were studied by
combining the Chemkin simulation and an improved two-colour pyrometer. The experimental results show that the OH radical
mole fraction at any equivalent ratio decreases significantly after reaching the maximum value, which lead to the first
enhancement and then attenuation of flame brightness during the flame propagation. With the propagation of flame, the fireball
formes a temperature distribution structure with low temperature at the center and high temperature at the edge. The flame
propagation velocity of hydrogen/air premixed gas is oscillating distributed. The peakpressure and shock wave strength first
increase and then decrease with the increasing of equivalent ratio, and reach their maximum values as the equivalent ratio of 1.00.
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Tab.1 The equivalent ratio of hydrogen/air
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Fig.2 Hydrogen/air flame propagation image
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Fig.3 Changes in molar fraction of OH radicals at different
equivalent ratios

K3 KM, 24N OH A HiE it
I 2R B RS 2t B AR, IX ARG R T
IIGSEE A BAGE o
2.2 HEEXAEREAFE

N T RIS IR SRR AR KNG 3t 7
AEIBL, T 2.0 R TR JOA AR IR, D)
SO FEEINREAR , SEHL T AU A R TR
GBS EA TS0, el 4 B

20
264
264 264 3.8 ms 24 5.2 ms 7.0 ms 264 13.6 ms
o 2.4 ms 0w e . 164 le4 2000 164 200
@ o, £ oo w, £ m’dg;‘ 180, £ 64 s 180, =0.89
E% ab < p & S i~ s Prok s 165
S 134 n -134 % 136 ~136 166" = 3|
I @ 10 w0 26 40 236 & [y~ 140
:37 mo B ] 336 1200 336 -336) ol 1200
336-D6-136 36, 61 167 27 5616 %, e Ter 681068613635, 6 Ter 264 BT Fy o ToA 24 1A 336236136 3, 6 164 264
264 0.6 ms 264 264 264 264
164 A0 164 L6 ms 2.8 ms 4.2 ms b 164 6.8 ms .
g6 1800, £ 64 el S 180, =100
5{3; b <% _ B S5y 16
ooty o 0 & POV 140
236 236 ! = 334 e o 4
336 o -3 120 ol e 2
-336-236-136 36 64 164 264 53636136 %, of 164 268 3% 236136 3, 61164 264 336 236-136 36, 6+ 164 264
dinm m dmm
264 264 2\ (Y 220
24 1.2 ms . ?ﬁz 2.8 ms b 164 4.0 ms 164 5.4 ms o 164 7.0 ms b
164
- £ 6 = 6 1
g 1800, £ ¢ o, £ g s 180, £ " 119
] 5 2 = E3 =Ex% e 3 E 3 o S o=1.
=% b S LRt e 136 P 16 S5 T o
-136) 3 A o sl i : Y
o Y o 236 ) 0 236 / M0 36 QE} i w2 . 140
-336) 8 120 -33(; 236-135 :l ot 25— A0 e — m Rl 120
WW -336 -B6-136 %, 61 164 264 -3%6-136-136 %, 6 3% 236-136 3, 61164 264 336 236-136 %, 61 164 264
264 13 264 264 264 21
264 1.4 ms b 164 .8 ms o0 164 4.8 ms 164 6.8 ms b 164 9.0 ms 200
e ) j £ 6 80, £ 180, £ 64 a0, £ o 1,
E6 ; . E % SEx i Shpe S=143
< - 1608 136 - 166 13 160" 134 O 1y
By 8 U0 26 & M0 24 5 § 236 .
3 o o 120~ ——— 0 336 ) 120
336336136 %, 61 16% 264

-336 -236-136 —Xﬁng}‘ T4 264 -336 -236-136 7};7‘“(% 164 264

-336 -236-136 -3%‘% 164 264

3% 36136 -’%‘% T4 264

4 TEEEBETES/ZESHRESERBINESEEE

Fig4 Dynamic temperature diagram of hydrogen/air premixed gas flame at different equivalent ratios
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Fig.5 Hydrogen/air flame propagation speed
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Fig.6 Explosion overpressure change time history curve
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Fig.8 Positive phase impulse of hydrogen at different
equivalent ratios
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Fig.9 Sensitivity coefficient of explosion pressure at
different equivalent ratios
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