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Numerical Simulation of Gaseous Detonation Wave
with Detailed Chemical Reaction Model
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(LHD Institute of Mechanics CAS, Beijing 100080}

Abstract: In this paper, the transition of a detonation from deflagration was investigated numerically while a detonation
wave propagates in a tube with a sudden change in cross section, referred to as the expansion cavity. The
dispersion-controlled scheme was adopted to solve Euler equations of axis-symmetric flows implemented with detailed
chemical reaction kinetics of hydrogen-oxygen (or hydrogen-air) mixture. The fractional step method was applied to treat
the stiff problems of chemical reaction flow. For validation and verification, computational results were compared with
experimental results firstly, and nice agreement was obtained. 1t is observed that phenomena of detonation quenching and
reigniting appear when the planar detonation front diffracts at the vertex of the expansion cavity entrance. In order to
illustrate the effects of sensitivity of detonable mixture on the process of quenching and reigniting, five kinds of mixture of
different composition or of various initial pressures were considered as the initial combustible gas. Numerical results show
that detonation front in mixture of higher sensitivity reignites directly when it propagates into the expansion cavity and
keeps its substantial coupled structure all along. However, the leading shock wave decouples with the combustion zone if
mixture of lower sensitivity was set as the initial gas. In addition, the computation demonstrated that the
dispersion-controlled scheme is capable of simulating the detonation wave well, which has virtues of simple structure, high
resolution and saving-time.
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Fig.2 Structure of 1-D detonation wave (a) pressure (b) partial density of species
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Fig.3 Pressure distribution in the cavity ring{mixture:2H,+0,+4N;, P~60kPa, T,=298K)
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Fig.4 temperature (a) and Hy(b) distribution (mixture:2H,+03+4N;, P,=60kPs, T,=298K)
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Fig.5 pressure distribution in the cavity ring (mixture:2H;+0;, By=60kP, T/~298K)

BATL, AXBEETEERBERESRE. BREWT, REGRYRETHRE, A
FEMERY, ERNEEENERURHEENOHEY, F8SENLGLRERE, SEEH
T 322 4 1 Y T A R

Ko ME T 2HEHTEQORESSAE CHr0+4N, Pe50kPa, T=208K)FIE (5) MEASG
(2H#GrraNy, Pe40kPa, To208K) ATIARENBREAELRE, ABeE T EARBE SN
LEY aTOREIRENETROUENERERE. BEERRETFERALSHE, R4y
SRR EATRS, UWRTREENMREAR HSMEEETARAENARAR. BERREE
BE, W TRAREW. SRR ERREERD, SEEPOHRLEH—HREFESEH (R
K6 fix FRASKG) . WEMERLERNENRBEABEEFRE SO R, BB HEN




-hi HRRE STHEREET RSB 115

BRTISRENLEREEEREIE, RRREERR, BANRRE (RE7).

4

[E] 6 0 R0 R0 e D0 O () S T RS S T A0, Py=S0KPa, T =108K)
Fig.f Frocess of detonatior partlal quench imivmre: ZH 04y, Py=SikPa, T=298K)

[ 7. AR e AR IR R ) R A hp A (TR e TH O AN, Fo=albs, 1 =1Y8K)

Fig.” Process of detonation entire quench  (minture; 2H40+4N,, Pa=40kPa, T=298K)
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