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Numerical Analysis of Fluid Dynamic Effects on H2/O2 Detonation in 90-degrees Bent Pipe
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Abstract : Numerical simulations of stoicheiometric H2/O2 detonation in 90-degrees bent pipe were performed with a
detailed chemical reaction model at initial pressure Pg=0.1 MPa. The scales of pipe were changed two and three times
similarly to understand the scale effects on propagation of detonation through the bent section. The results show that the scale
effects are small except 2nd peak along the extrados under the present conditions as well as the shock wave propagating in
the air-filled bent pipe reported by Edwards et al. As the detonation propagates through the bent section, the Mach reflection
near the extrados appears twice and the transverse detonation is formed to collide on the intrados with maximum pressure of
6-8 Pcy. The cell effects on the total impulse are small though the propagation mechanism changes through the bent section.
The detonations through the bent section are re-initiated without quenching and they are independent of the cell effects.
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(b) Close-up view of bent section

Fig.1 Computational grid and location of pressure measurement. A grid

points for every ten points is plotted.
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Table 1 Simulation conditions for po=0.1 MPa and To=300 K in straight
tubes.
Case | Channel
Grid size, Number of CFL
width . )
um grid points number
D, mm
1 2.09 Ax=Ay=10.4 | 20001x201 0.9
2 4.18 20001x401
3 6.27 20001x601
Ax=5.2, 40001x401
4 4.18
Ay=10.4

Table 2 Simulation conditions for po=0.1 MPa and To=300 K in bent

tubes.
Case | Channel Grid
Number of CFL
width size*l,
grid points number
D, mm nm
5 2.09 Ax=Ay= 23271x201 0.9
6 4.18 10.4 26560x401
7 6.27 29815x601
8 4.18 Ax=5.2, 53119x401
Ay=10.4
Ax=Ay= 6560x401
972 4.18
10.4

*1:Grid sizes in straight section

*2:Propagating shock case
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Table 3  Physical value for CJ condition.

po, MPa pcs, MPa Tes, K Dcs, m/s pvy, MPa

0.1 1.89 3681 2840 3.29
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Fig.2 Instantaneous detonation velocity for various grid resolutions in
one-dimensional simulations.
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Fig.3 Instantaneous pressure profiles along tube center for two-

dimensional straight tube (D=4.18 mm (Case 2)).

D=6.27 mm

Fig4 Comparison of maximum pressure history for case 5, 6, and 7.
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Fig.5 Maximum pressure history along wall for case 5, 6, and 7.
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Fig.6 Comparison of instantaneous density contours near bent section
for case 5, 6, and 7.
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Fig.7 Schematic figure of detonation propagating in bent tube.

Incident
shock

Fig.8 Schematic figure near detonation front. AB, BD reflected shock
wave, BC transverse detonation, AD contact surface, and CE
reaction front, respectively.

Fig.9 Measured points of pressure p1, p3, and ps shown in Fig.10. This
results are case 7.
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Fig.10 Scale effects on pressure and transverse wave strength behind
detonation front for case 5, 6, and 7.
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Fig.11 Instantaneous pressure history at each location.
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Time history of total impulse at each point for case 5, 6, and 7.
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Fig.13 Comparison of instantaneous pressure history at points 4 and 7.
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Fig.14 Instantaneous detonation velocity along wall for case 5, 6, and 7.
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