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Grid Requirements for Capturing Detonation Cell Structure
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ABSTRACT

A series of numerical studies are carried out for the different regimes of the detonation
phenomena to investigate the computational requirements for the simulation of the cell structure
of detonation wave by varying the reaction constants and grid resolutions. The computational
results are investigated by comparing the solution of steady ZND structure to draw out the
minimum grid resolutions and the size of the computational domain for capturing cell structures

of the different regimes of the detonation phenomena.
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Table 1. Summary of computational cases

Weakly unstable detonation
6=52 | 2HA0+12Aar [ yu=1602 | pa=1288
Moderately unstable detonation
0=69 | 2HrO#56N, | yy=1405 | 3= 1185
Highly unstable detonation
6=127 | CHeS5Or9N: | yu=1336 | ya=1161

Fig. 2 Wave front structures of weakly(left)
moderately(center) and  highly(right)
unstable detonation
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Fig. 3 Numerxcal
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Fig. 4 Pressure profiles of ZND structures
along the scaled coordinates depending
on normalized reaction constants for
weakly unstable detonations

2.5 Case Studies
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Fig. 5 Definitions and structures of Reaction
zones for weakly, moderately and
highly unstable detonations

Table 2 Maximum possible reaction constants
for each grid system that produce the
detonation cell structures and number of grid

points within reaction zone of steady D
structure
Grid system Case pts./Lur

Weakly unstable detonation ( 8 = 5.2)

301%101 (Axmin=Ay=0.01)  k=5,000 2-3
501x201 (Axmn=Ay=0.005)  k=10,000 2-3
901401 (Axmn=Ay=0.0025)  k=20,000 2-3

Moderately unstable detonation ( 8 = 6.9)
301x101 (Axmin=0y=0.01) k=5,000 ~5
T k=10,000 was possible (pts./Lyr~2.5) using ZND
structure 1.C. of k=5,000, but k=20,000 was not.
901 x40 (Axmin=0y=0.0025)  k=20,000 ~5
Highly unstable detonation ( & = 12.7)
901x401 (Axmin=0y=0.0025)  k=400,000 ~5
1 k=1,000,000 was possible (pts./Lyr~2.5) using ZND
structure [.C. of k=400,000, but k=2,000,000 was not.
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