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A. Verification of mesh resolution
[bookmark: _Hlk133258444]The effect of mesh resolution on the simulation results are examined by comparing the cellular detonation evolutions at two levels of 16 pts/l1/2 and 20 pts/l1/2 for case B (see Table 1). Previous studies have extensively demonstrated that 20 pts/l1/2 is sufficient to capture the detonation frontal structure during the cylindrical detonation initiation and evolution (Jiang et al. 2009; Shen & Parsani 2017). Therefore, finer mesh resolution of 20 pts/l1/2 are performed for the mesh validation. Figure S1 shows the maximum pressure histories obtained with the two mesh resolutions. It is seen that the cell patterns and size are much similar for various mesh resolution, indicating the mesh independency. Therefore, considering the computational cost based on predicting accuracy, mesh resolution of 16 pts/l1/2 is chosen for the following simulations in this manuscript.
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Figure S1: Cellular detonation evolutions of case B: (a) 16 pts/l1/2, (b) 20 pts/l1/2. 
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B. Model validation
For model validations, we compared the simulated detonation speed (case B) with theoretical value predicted by Shock & Detonation Toolbox (Shepherd 2021) and cell development of a cylindrical detonation with experiment (Vasiliev & Trotsyuk 2003).
Figure S2 shows the comparison of detonation speed between the numerical data (case B) and CJ value. Note that the mean detonation speed from the simulation is obtained from the position where detonation cells first occur (R = 0.12 m) to the domain edge (R = 0.5 m). In general, we can see that our prediction is reasonable. The detonation propagates with periodic fluctuation around a mean speed due to the periodic appearance of the incident and Mach shocks. The mean speed is slightly lower than that from the theory. This could be a consequence of the effects of curvature (Qi & Chen 2017; Ng & Lee 2003) and/or cellular instability (Han et al. 2018), both of which cause reduction of the detonation speed. 
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Figure S2 Comparison of the detonation speed between theoretical and numerical results

Figure S3 further compares the detonation cell evolution in the critical regime between simulation (case B) and experiment by blast initiation (Vasiliev & Trotsyuk 2003). Although the mixtures are different for simulation (H2+Air) and experiment (C2H2+O2), however, both mixtures are considered relatively stable for detonation development (Austin 2003). Therefore, based on Fig. S3, their cellular detonation evolution is qualitatively similar. Three stages, i.e., Ⅰ-no cell; Ⅱ-cell growth; Ⅲ-cell divergence featuring a successful initiation, are observable. Furthermore, secondary cells (generated at the end of stage Ⅱ due to increased instability) exists in both experiment and simulation, as shown in the circled region. This validates, albeit qualitatively, the ability of the current model in predicting details of detonation development and structure by direct initiation. 
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Figure S3 Comparison of detonation cell evolution between experiment (a) and simulation (b)
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C. Theoretical detonation property
[bookmark: _Hlk132664891][bookmark: _Hlk132664882][bookmark: _GoBack]Figure. S4 shows the main theoretical detonation properties, i.e., CJ detonation speed, half-reaction length, cell size with various ERs (Equivalence ratios) of 0.3-1. Specifically, the characteristic cell size is predicted by the Ng correlation model (Ng, Ju & Lee 2007): , where  is fit coefficient related to the non-dimensional stability parameter ,  is the induction zone length. Obviously, the change of HRL (Half reaction length) is directly proportional to the cell size. As the ER decreases, the cell size and HRL increase, whilst the CJ (Chapman–Jouguet) speed decreases, indicating a drop in reactivity of local mixtures. Furthermore, the mixture reactivity varies gently near ER = 1, while decreases dramatically at about ER < 0.6. These reactivity features play important role in the direct initiation and the subsequent detonation wave evolution.
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Figure S4: Theoretical change of key detonation parameters with gas equivalence ratio
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Figure S5. Schematic of pressure fluctuation setup at initial condition

D. Effect of pressure perturbation on direct initiation
Artificial perturbation applied near the hotspot significantly affects the direct detonation initiation (Qi & Chen 2017). In the current study, a pressure fluctuation (pp) at the hotspot interface is added to check if the artificial perturbation influences the cellular formation and instability induced by the curvature. The setup is consistent with case B in the manuscript, except for the pressure perturbation at the hotspot interface, as shown in Fig. S5. In pressure perturbation region raging from R = 0.02 m (hotspot vicinity) to R = 0.03 m, the pressure is pp = 100 p0. The remaining parameters in the artificial perturbation region is same with the reactive mixture region. For convenience, we use Bp to represent “case B with pressure perturbation”. 
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Figure S6: Histories of maximum pressure of case B (a) and case Bp (b). The selected time is 98 μs.
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Figure S7: Changes of pressure, temperature, and HRR along the monitoring line at 50 μs (a) and 73 μs (b) in case Bp. 
Fig. S6 compares the the maximum pressure histories of case B (Fig. S6a) and Bp (Fig. S6b) at 98 μs. It is seen that the the cell forms at about R = 0.1 m after the decay the overdriven detonation in case B, whilst no cell appears in Fig. S6(b) since it is still in the overdrive state. Figure S7 shows the pressure, temperature, and heat release rate along the monitoring line (from [0, 0] to [0.2 m, 0.2 m]) at 50 μs and 73 μs in case Bp. The shock couples with the rapid reaction at 50 μs; meanwhile, the peak pressure is about 5 times that of theoretical von Neumann spike. This is the highly shocked gas induced by the pressure perturbation (see the inset of Fig. S7) ahead of the detonation front that makes the detonation wave in an extremely strong overdrive. As the detonation front overlaps the shock ahead of it, the pressure peak of detonation drops a lot, as shown in Fig S7(b). Nevertheless, the detonation is still overdriven due to too large degree of overdrive influenced by the pressure perturbation.
Therefore, in the studied condition, the cell formation is significantly affected by an artificial perturbation at the hotspot interface. This again demonstrates the sensitivity of the detonation development to the hotspot properties.
[bookmark: _Hlk123652283]
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