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Structure and propagation mode of gaseous spinning
detonation in rectangular tube
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(Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to explore the effect of the aspect ratio of rectangular tube on the propagation of the spinning detonation
under the limiting detonation propagating conditions, the structure of the three-dimensional gas-phase spinning detonation
wave and its propagation modes in rectangular cross-section tubes are numerically investigated based on Euler equations with a
Sth-order WENO finite difference scheme and the two-step global reaction model. A linear stability theory of planar detonation
wave based on the normal mode method is firstly adopted to examine the chemical reaction parameters for numerical
simulations and then several cases with different aspect ratios in cross-section of rectangular tube are investigated to study the
structure and propagation mode of three-dimensional gaseous spinning detonation waves. By recording motions of triple lines,
flow-field distributions and high-pressure imprint of detonation wave under different sizes of tube cross-section, the effect of
cross-sectional geometry on the stable propagation of gaseous detonation under the limiting detonation propagating condition is
revealed. The results show that the spinning detonation propagation can be maintained within a certain range of small tube
cross-section size, through the movements of horizontal and vertical triple lines and an oblique triple line that is produced by
interaction between both horizontal and vertical triple lines. For a square tube with 1 of aspect ratio in cross-section, the high-
pressure imprint of spinning detonation on the wall forms the helical strip pattern. With the increase of the aspect ratio of the
cross-section size of the tube, the pattern of a high-pressure imprint formed by the spinning detonation on the channel wall
varies from the strip structure to a dotted distribution structure, the trajectory of the oblique triple line on the wave front

gradually develops from the circular motion in a single direction to a complex trajectory with varying direction. When the
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aspect ratio is further increased, there is a tendency for the three-dimensional spinning detonation wave to eventually
degenerate into a two-dimensional single-head detonation wave structure.

Keywords: spinning detonation; rectangular tube; triple line; two-step global reaction
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Table 1 Initial conditions and chemical reaction parameters
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Fig.2 Three-dimensional calculation model diagram
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Table2 Computational cases

T B /mm I Y /mm
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(a) High-pressure imprints of spinning detonation on the unfolded wall
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(b) Variation of pressure along the flow direction at the pipe wall
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Fig. 4 Computational results for case 1 with grid size of 10 um
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Table 3 Pitch dimensions under case 1

B INgpT P/D
10 3.090

20 3.110

40 3.120
SCHk[2] 3.000
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Fig. 5 Variation of triple line trajectories at several moments in case 1 (1.0 mmx1.0 mm)
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Fig. 6 Three-dimensional flow-field of spinning detonation at several moments in case 1 (1.0 mmx1.0 mm)
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(a) Distributions of temperature and pressure

contours on the unwrapped wall of tube

(c) Schematic diagram of the strong
transverse wave structure
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Fig. 7 Distributions of temperature and pressure contours on the unwrapped wall of tube
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Fig. 11 Motion trajectories of triple lines in case 5 (1.0 mm X 0.6 mm) over one period
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