
Deflagration-to-detonation transition in air mixtures of hydrogen–methane fuel

DEFLAGRATION-TO-DETONATION TRANSITION

IN AIR MIXTURES OF HYDROGEN–METHANE FUEL

I. O. Shamshin1, M. V. Kazachenko1, S. M. Frolov1,2, and V. Ya. Basevich1

1N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation
2A. G. Merzhanov Institute of Structural Macrokinetics and Materials Science of the Russian Academy of Sciences,
8 Acad. Osipyan Str., Chernogolovka, Moscow Region 142432, Russian Federation

Abstract: The previously proposed experimental method for evaluating the detonability of fuel–air mixtures, based
on measuring the run-up distance LDDT and/or run-up time τDDT of deflagration-to-detonation transition (DDT)
in a standard pulsed detonation tube, was applied to study the DDT in stoichiometric air mixtures of blended
methane–hydrogen fuel with a volume fraction of hydrogen xH2 ranging from 0 to 1 under the fixed thermodynamic
and gasdynamic conditions. Based on the known data on combustion and self-ignition of such a fuel, it was expected
that the DDT run-up distance and time should gradually decrease with hydrogen concentration xH2 . Contrary
to expectations, the dependences of LDDT and τDDT on xH2 in the range 0.25 < xH2 < 0.65 turned out to be
irregular: instead of a monotonic decrease, LDDT and τDDT reach local maxima.
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Figure Captions

Figure 1 Schematic of standard pulsed detonation tube with indication of measuring segments: * — location of spark plug;
0 — location of a special probe; 1–15 — cross-sections of ionization probes; and 8–9 and 11–15 — cross sections of pressure
sensors. Dimensions are in millimeters

Figure 2 Detonation velocity–distance plots for the development of the DDT process in 10 successive shots in a stoichiometric
air mixture of methane–hydrogen fuel with xH2 = 0 (a), 0.2 (b), 0.25 (c), 0.3 (d), 0.35 (e), 0.4 (f ), 0.45 (g), 0.5 (h), 0.55 (i),
0.6 (j), 0.65 (k), 0.7 (l), 0.8 (m), 0.9 (n), 0.95 (o), and 1 (p)

Figure 3 Time–distance diagram for the development of the DDT process in a stoichiometric air mixture of methane–hydrogen
fuel with xH2 = 0.3 in 10 successive shots

Figure 4 Primary records of pressure sensors (solid curves) and ionization probes (dashed curves) in measuring sections 5 (a),
6 (b), 7 (c), and 8 (d) in one of 10 shots for a fuel mixture with xH2 = 0.4

Figure 5 Primary records of pressure sensors (solid curves) and ionization probes (dashed curves) in measuring sections 5 (a),
6 (b), 7 (c), and 8 (d) in one of 10 shots for a fuel mixture with xH2 = 0.8

Figure 6 Measured DDT run-up distance LDDT (a) and run-up time τDDT as functions on hydrogen volume fraction xH2
in a stoichiometric air mixture of methane–hydrogen fuel. Dashed lines correspond to the DDT at xH2 ≥ 0.8 in the flame
acceleration section of the standard pulsed detonation tube

Figure 7 Measured dependences of the reaction front propagation velocities at two measuring segments 3–4 and 4–5 before
entering the screw (focusing) section of the detonation tube and at measuring segment 8–9 at the exit from the screw section

Figure 8 Calculated dependences of the self-ignition delay on temperature, pressure (1 — 1 MPa; 2 — 2; and 3 — 3 MPa), and
volume fraction of hydrogen xH2 in a stoichiometric air mixture of methane–hydrogen fuel: A — T0 = 1000 K; B — 1200; and
C — T0 = 1400 K

Table Captions

Table 1 Composition of natural gas (%(vol.))

Table 2 Results of thermodynamic calculations of mean molecular mass, specific heat ratio, sound velocity, and Chapman–
Jouguet detonation velocity for stoichiometric air mixtures of methane–hydrogen fuel with different xH2 at T0 = 300 K and
P0 = 0.1MPa
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