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Abstract :
accelerates because of flame instability. Since the damage caused by an accidental explosion is significantly influenced by

Gas explosion is a high-speed flame propagation phenomenon. The apparent flame speed during an explosion

the flame speed, one must accurately evaluate such flame acceleration when assessing the risk level of an explosion hazard.
An important risk-assessment tool of an accidental explosion will be direct numerical simulation (DNS) using a global
reaction model. Then, the global reaction model must correctly reproduce flame instability behaviors. This study focuses
on the Markstein number of Ha/air mixture, an important parameter that describes the instability strength, and theoretically
investigates if a one-step global reaction model can reproduce the correct Markstein number that was computed by a detailed-
chemistry simulation. It is first found that transport properties that depend on equivalence ratio must be considered when
evaluating the Markstein number of a Ho/air mixture. It is also found that rate parameters (such as the global activation
energy) that depend on equivalence ratio must be used to correctly reproduce the Markstein number using a global reaction
model. It is recommended to determine the global activation energy by fitting the Markstein number of the global reaction

model with that computed by a detailed-chemistry simulation.
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Table 1 Parameter values used in Fig.1.
Parameter Value
Activation energy, E 20.0 kcal/mol
Thermal diffusivity, a 22.5 mm?/s
Fuel diffusion coefficient, Dg 72.9 mm?/s
Oxygen diffusion coefficient, Dg 18.8 mm?/s
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Fig.1 Comparison between experimentally-measured and theoretically-
predicted Markstein numbers. For theoretical prediction, the

parameters listed in Table 1 are used.
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Fig.2 Velocity profile of a premixed counterflow system.
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Fig.3 Computed burning velocity as a function of flame stretch rate.
Top: ¢ = 0.3-1.5, bottom: ¢ = 2.0-5.0.
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Fig.4 Comparison between experimentally-measured and numerically-
computed Markstein lengths.
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Fig.6 Activation-energy dependence of Markstein number of one-step
global chemistry.
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Fig.7 Response of mass burning rate to adiabatic flame temperature.
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(open circle), Eq. (1) using global activation energy computed
by fitting Markstein number (solid line), and Eq. (1) using global
activation energy computed from the temperature dependence of
mass burning rate (dashed line).
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Fig.9 Dependence of global activation energy on equivalence ratio.

Activation energy is derived from the Bechtold-Matalon theory,
(1), and from the response of mass burning rate to adiabatic flame
temperature, (2).
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WCHIERINICHET L7z, £77, K - 2258 D Markstein
B BERIIC P 2B, IRAROWIEME o 4 & ik
FHEE2EZELRINEZS AW E2HsNICL L, IR
1%, O RIKE R L IIRIRN 2R Th 5. RI,
TFESOBE 7V D Markstein 202 Pl T % & Zi2, RGN
ML 2LV ¥ =2 BRIK S T & T2 &, b
SIGHBE O R ZHEHTERVWI L 2R L. %0,
WREKSETFTVICE DB S 2L —y a v 2HET 28
AF, BIEEE L 2L ¥ — 0 Y RIIEAEEZ B L 2T
UER 5%\, 20701, FYEicB W THR 0%
FIRE 2 20 S S G2 SOGET R 2 M L, PRBER L
DWTBK SR LR AL D & R = 2 L ¥ — % Rk
7. L»L, ZomEcHsnziiFEEEtbo sr¥—%
H T Markstein 22 Blim Pl L 72 & 2 A, FEEfMLAOG
FHEORRLIZ - ko, 22T, BRI
AL OBEI EDRE RIS =BT 2 L) RN FTAXA—=F T 1 v
T4 YT RITY, RIEEE LAV -2k, 05
ZODIETRD ILRERIEIEL T 2OV ¥ —I1ZiE Ak b 0E
WA B LT,

Markstein (% LT & 2GS E T V2 HL UL, &
GEMICK D KBEDONMEZ EREICHRTE 2B 2 2



g FHFD, 1EFEY S 2L — a VICEHL L 72 KE -

L—a VSRR LIRS G, T, TOETILTIE
PRBER L O WK IR SR fEE 2 BT E vl o, B
22 BT BIRIE T BAICHE 5 IR R I kN
DGR EIHEMETT 5. HlAE, ALEEICL B K
RIGTEONELZAMIC 10 % DEENRLEL 5 &, FET 3
JRRERHIIC D 10 % OFEIEL 5. 2D k) RikEx
BT B 7-0120F, BREICBITARIGHERRT A =5 % H
SENLHTFT—FXN=2{LLTEL ZENEETHD, ZD
)BT = R—AMFUISHOTETDH 5.

SEE
RUFFEILRRITEESES & ISPS BHITE: 23241051 DBIEL % 52
DTCEMLZDDTHS, TIICHLTHEE2ET 3.
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