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Study on the Explosion Characteristics of Ethanol/Methane/Hydrogen Premixed Gas
YAN Chen-zhao, WANG Xiao-rong, JIANG Gen-zhu

(School of Mechanical and Engineering, Jiangsu University of Science and Technology, Zhenjiang, 212100)

Abstract: In order to further understand the explosion properties of C,HsOH/CH,/H, premixed gas, the experimental study
and analysis were carried out for C,HsOH/CH,/H, premixed gases under conditions of different equivalent ratios (0.7~1.4) ,
different initial temperatures (370,400,450K) and different adding ratios of ethanol (20%, 50%, 80%) in constant volume
combustion bombs. The results show that the peak explosion pressure is negatively correlated with initial temperature, while has a
positive linear correlation with the ethanol adding ratio; With the increase of equivalent ratio, the peak explosion pressure and the
peak pressure rise rate all show the law of first increasing and then decreasing, the peak values appear in the equivalent ratio of 1.2
or 1.3, while the explosion time show the law of first decreasing then increasing slightly; As the same initial temperature, the heat
release value of the premixed gas increase with the increase of adding ratio of ethanol, the value reaches maximum as the
equivalent ratio of 1.2.
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Fig.1 Experimental device diagram
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Fig.4 Explosion pressure vs time curves at different initial
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Fig.5 Peak explosion pressure vs equivalent ratio curve under
different ethanol adding ratios
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under different ethanol adding ratios

AN, ZEHBIR H B R E A R,
AT, BURSSRRIN B CEHBIR LR



90 EUREIAE . LR/ e A TR AR DT

2024 4E55 2 A

PRNE (LR, 3O i T CRHBIR LB
B, PURSARREISTRIA RS, TG AR E
SIRFE, SEURKER R B 7 Ao A Lk,
KERAUT

E (Pay) =a(Xg, §)TotD(Xz, §) (3)

K (3) W2 E (P ) TR CEBIR LA
i LT AR A H 1A 5 a(Xe, )R HTIZR
RER; b(Xp, 9) R LI, W12 R AT
FABIR BRI LG YL 0 AT R TR AR A A
R

MR 1.0, JEJ 0.0MPa F, AEHRIGHIEE T
FRNE V(B E < PSR HL B AR AL an &l 8 i, Hh
&l 8 AT LIE Y, JRKER IS L RHBIR T 24
PEXRR, BGOSR BRGS0 2
LRPEIE . IEAN, IR A R, [H]
—CFHBIR BT, TR, SN A S Tk
ANo SR TREEREERIG R, TR AREHSUR H]
RS, AR AR ERE, BURIE R T8N

0.7(r
—
/
0.63 /0/
i -
£ ' P
= 06 g,/// 3
g A
U e
0.5%
/é/ds:l.o,o.lMPa
— 0370
0.50 g 2400
= 0450
20 40 XC2H50H60 30

El8 TEIRE TRIEENEERCEHSR LB Lhsk
Fig.8 Peak explosion pressure vs ethanol adding ratio
curve at different temperatures
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Fig.9 Explosion pressure rise rate vs time curve under
different ethanol adding ratios
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Fig.10 Explosion pressure rise rate vs time curve at different
initial temperatures

SEIOAS T B B E 7 T R Aok
FRE S 5 . Ko IR AN 11~12 PR

60 18
50F {6 -
~ 10l &
- $ 2
< 30 i 14 %
S o ¢ 5
=20t e .
~x o s 370K,0.IMPa PN
3 A O80%Z 8
S 10 g ® DS0%Z B
S o C20%Z8%

06 07 08 09 10 1.1 12 13 14 15
@

11 FEIZESRLOT B ARER 5 EFHREF/RIA S
HPEHEEATK
Fig.11 Peak explosion pressure rise rate and deflagration
index vs equivalent ratio under different ethanol adding ratios

AT 11~12 FRT LA, S RIgKE T g TR
FIBIATE R IER 215 LURYI RS a0, BAE
M 1.3 BAFIE(E, AN, BEETERIER,
FRHRE T _ETR AR RS Tl e 220
TRGREGRE T, —J7H, KRR, SEURkE
RO, FET (dp/de ) max D80 53— D71,
BAGEREET, SRR EIATEE, 2 (dp/dr) e



2024 4F 04 A & T

2}

h 91

SR HRAR RS 2GR JRE S, R sy
RIEfER R, TEARSER TN, SRRy
SRR BRI T 10MPam's™,
AT BOKF-, (EURAE—2E T8 M AL T4
FRIAERRR S, DRI AR B e 5 TR AR

B,
60r
18
—~ 50F %
'Tm w
X ! ke
= 30 é 1a S
: Q g
s 20k Q 50%2.f%, 0.1MPa .
5 O370K 2
= 1o} g 400K 12
2 i 0 450K
|
M070809mw1L2u T4 1.5
12 FNEWIERE TR AR/ EFHR AR
ML 2L L

Fig.12 Peak pressure rise rate and deflagration index vs
equivalent ratio at different initial temperatures
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Fig.13 Explosion time vs equivalent ratio at different ethanol
adding ratios

0.3r
50%Z. M , 0.IMPa
Q370K
N00K

0.2F é O 450K

0.1 g

0 .6 O.I7 0..8 079 ll.0 ll.l 1.I2 l.l3 l.éll l|.5

14 NEWIEEE TGEERERE = LR
Fig.14 Explosion time vs equivalent ratio at different initial
temperatures

HIE 13~14 RTLUABL, £ 00 KRR

L LS RS S s A S, H TRy
1.2~1.3 BHwhe JRNTETIRGYI AR,
FRIEAIERR, MBI ER R, TR G
HI TS SRR, SRS NASRIZN, L S ]
B HRIGIEERE RN, JHERR R e, fiik
KRSl o
AN CHBR L BIAII AL B T R A i Y
RN 15 Frs, s 15 aTRIE H, HFEY)
AL, BEE CRHBIRIBIRIER, BUR AR
AR, TR REEE N 1.2 kB

4.5-
4.0r
o
o o
L A A 0O
3.5 g i 9 5 O
2} <
g 3.0 =} 8 8 "
o] o o
Q E a < o 0 o
2y o 9 O2%ZITOK
o) AS0%Z 370K
200 © O80%ZB/370K
<120 ZB/A00K
0% LIF/450K
oo Tyt T T T
.6 0.7 0. . . 5

S0
15 NEZEHERLGIFNRE TRAER SR TN
Fig.15 Heat release vs equivalent ratio under different
ethanol adding ratios and initial temperatures

TEMIR ZBHBIR O, RSB, FURAUARE
AL AL, BEE R AR, REAER
YRR X EROE M THEE S R, R
BTSN, BRBEERIZL, IMTRESHARER R, (H
T ERRBEH AL, FEIREAE S, BN
R P,

3 44

FEIE ST 0.1MPa, WIHRIRIE N 370, 400, 450 K,
ZIEBIR LN 20%, 50%, 80%MI TR, BsET
CHsOH /CHy/H, FURSARIRIERRE, X S2a g
HET T ACIR, B ATIRNE I . B
TR BRTRE. BRKERTR] . B RSIRES
B, LIRSS

(1) HRHER U SR AR SR R IBOC R

(2) JRKE W AR R e 07 b T e i
i PG RS S IR e S vl M, A
A SR 1.2 8% 1.3 4b

(3) MTARWEE LI NT O, 1E



92 EUREIAE . LR/ e A TR AR DT

2024 4E55 2 A

R A TOUR, AL R A A D,
XA ZPHEIR LU BT, RIAATUR AR S

NG RENE ETHES.

(4) 2 00 MAERKEI TS BER 24 i He R el

RIS, JOSHIARLEE R RHBIR A
fb, 4N 1.2~1.3 BHRKER AR/

(5) MIFNEEE N, BEE LRHEIR LR,

PR AR AR, 725 H 1.2 IHAE)
WefE, 7ERHIR] CRHBR IO, IR, WiRUA
RO b

B3

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Ren, J.,S. Toniolo. Hydrogen for better sustainability[J]. Inter-
national Journal of Hydrogen Energy, 2020,45(59):34 293.
Wang, L., H. Ma and Z. Shen. Explosion characteristics of
hydrogen-air mixtures diluted with inert gases at sub-
atmospheric pressures[J].International Journal of Hydrogen
Energy, 2019, 44(40): 22 527-22 536.

Zhang, Y., et al. Dynamic hazard evaluation of explosion
severity for premixed hydrogen-air mixtures in a spherical
pressure vessel[J]. Fuel, 2020(261): 116 433.

Zheng, L., et al. Combined effect of ignition position and
equivalence ratio on the characteristics of premixed hydrogen
/air deflagrations[J]. International Journal of Hydrogen Energy,
2018,43(33): 16 430-16 441.

Mei, Y., et al. Flame propagation of premixed hydrogen-air
explosions in bend pipes[J]. Journal of Loss Prevention in the
Process Industries, 2022(77): 104 790.

Li, R., et al. Effect of initial temperature and H, addition on
explosion characteristics of Hy-poor/CHy/air mixtures|[J].
Energy, 2020(213): 118 979.

Wang, T., et al. Effects of flammable gases on the explosion
characteristics of CHy in air[J]. Journal of Loss Prevention in
the Process Industries, 2017(49): 183-190.

Wang, T., et al. Experimental study on the explosion and flame
emission behaviors of methane-ethylene-air mixtures[J]. Jour-

nal of Loss Prevention in the Process Industries, 2019(60 ): 183-194.

(%]

SKFERER, TKATT, ZMUE, TR Ol ST As PHRI U%
FERFPERIBTTEN]. BTREDUERE, 2023(2): 189-196.

T, G5 —ITiRG TR R E LIRS, b
TR, 2022,73(1): 451-460.

Chang, Y.M,, et al. Fire and explosion properties examinations
of toluene-methanol mixtures approached to the minimum
oxygen concentration[J]. Journal of Thermal Analysis and
Calorimetry, 2009, 96(3): 741-749.

Oppong, F., et al. Evaluation of explosion characteristics of
2-methylfuran/air mixture[J]. Journal of Loss Prevention in the
Process Industries, 2019(62): 103 954.

Xu, C., et al. Explosion characteristics of hydrous bio-ethanol
in oxygen-enriched air[J]. Fuel, 2020(271): 117 604.

Su, Y., et al. Effect of nitrogen on deflagration characteristics
of hydrogen / methane mixture[J]. International Journal of
Hydrogen Energy, 2022,47(15): 9 156-9 168.

Oppong, F., et al. Evaluation of explosion characteristics of
2-methylfuran/air mixture[J]. Journal of Loss Prevention in the
Process Industries, 2019(62): 103 954.

Mitu, M., E. Brandes and W. Hirsch. Mitigation effects on the
explosion safety characteristic data of ethanol/air mixtures in
closed vessel[J]. Process Safety and Environmental Protection,
2018(117):190-199.

Li, X, et al. Cellularization characteristics of ethyl acetate
spherical expanding flame[J]. Fuel, 2021(291): 120 213.
Oppong, F., et al.. Investigating the explosion of ethyl acetate
in the presence of hydrogen[J]. International Journal of
Hydrogen Energy, 2020,45(39): 20 400-20 407.

Oppong, F., et al. Investigations on explosion characteristics of
ethyl acetate[J]. Journal of Loss Prevention in the Process
Industries, 2021(70):104 409.

Sun, Y., et al. Investigation on the explosion limits and flame
propagation characteristics of premixed methanol-gasoline
blends[J]. Case Studies in Thermal Engineering, 2021 (26):
101 000.

Zhang, L., et al. Influence of pressure and temperature on
explosion characteristics of n-hexane/air mixtures[J]. Experi-

mental Thermal and Fluid Science, 2019(102): 52-60.



	1  实验
	2  结果与讨论
	3  结论

