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Shock wave mitigation propagating through a cavity

In the present paper, the propagation of a planar shock wave through a 'Y ' bifurcation duct with a trap added is both experimentally and numerically studied. Experiments were conducted in a square cross-section shock tube for three differents shock wave Mach numbers. A specific test section having a 'Y ' bifurcation was installed at the end of the shock tube. Pressures were recorded at different locations of the device using piezo-electric pressure transducers. The present study focuses on the mitigation of the pressure level induced by the propagation of a shock wave in the device with the addition of trap (cavity) located along the model. With the support of numerical simulations we show that both the location and geometric aspect ratio of the trap have a significant influence on the pressure level prevailing in the duct system.

Introduction

In the research for protection from explosions, a variety of underground shelters were proposed during the previous decades as Ben-Dor et al. [START_REF] Ben-Dor | Handbook of Shock Waves[END_REF], Igra et al. [START_REF] Igra | Experimental and theoretical studies of shock wave propagation through double-bend ducts[END_REF]. An important feature in designing such protection is the knowledge of shock or blastwave propagation in ducts leading to the shelter. This knowledge is also of importance for safety precautions in mines in case of sudden explosions. The propagation of a planar shock wave through a Y bifurcation duct system was experimentally and numerically studied in a previous work [START_REF] Marty | Experimental and numerical investigations of shock wave propagation through a bifurcation[END_REF]. This study showed the influence of the bifurcation on the attenuation of the end-wall reflected pressure. The present work is now focused on the influence of added traps located at different locations. Figure 1 represents the Y device with a trap located on the lower wall of the bottom branch. The goal is to determine if it could have any effect on the end-wall reflected pressure and consequently on the attenuation. In parallel, to support the experiments, numerical simulations were conducted using a self-made code called ECOGEN [START_REF] Schmidmayer | an open-source tool dedicated to multiphase compressible multiphysics flows, 53rd 3AF International Conference on applied Aerodynamics[END_REF] based on the solution of Euler equations with a Godunov scheme. A numerical parametric study on the size and the location of the trap was conducted in order to optimize the efficiency. The location and the size of the trap is studied for three cases : two parallelepipedic cavities located respectively on the upper and the lower branch wall, and the third one located on the point of bifurcation of the device. Three different incident planar shock waves with Mach number equal to 1.12, 1.36 and 1.69 are studied for each configuration.

Experimental set-up

Experiments were conducted in a 80×80 mm 2 square cross-section shock tube for which a specific test section was designed (Figs. 1 and2). Piezo-sensitive pressure transducers were flush mounted to record information at different locations, along the shock tube wall and inside the Y device. The flow pattern was also analyzed from visualizations using a high-speed schlieren system. More details of the experimental set-up are presented in our previous work conducted with the "Y"-shaped test section without trap [START_REF] Marty | Experimental and numerical investigations of shock wave propagation through a bifurcation[END_REF]. 

Experimental highlighting

This preliminary experimental work has enabled us to check if this kind of trap could be efficiency in the mitigation of the pressure level in the device. The cavity in the lower branch mesures 80 mm in length and has a depth of 40 mm. Figure 3 represents a comparison of the reflected pressure recorded respectively at the end-wall of the branch without the trap (M 1 , black line) and with the trap (M 2 , red line). We clearly observe the reduction of the pressure peak when the shock wave reflected off the end-wall in the presence of a trap located on the path of the shock wave. Experimentally study the influence of both the location and aspect ratio of the trap requiring many technical modifications, we have subsequently conducted numerical simulations.

Numerical validation

Numerical sumulations were conducted using ECOGEN [START_REF] Schmidmayer | an open-source tool dedicated to multiphase compressible multiphysics flows, 53rd 3AF International Conference on applied Aerodynamics[END_REF], a personal open-source code based on the solution of the Euler equations with a second-order Godunov scheme. Figure 4 presents a comparison between experimental and numerical schlieren picture (a) and pressure traces recorded at the end-wall of the device (b) induced by the propagation of a shock wave through a trap located on the lower wall. It confirms the good agreement between both approaches (less than 5% of error on the mean value). In the following, considering a trap successively located on the lower wall, the upper wall or at the point of bifurcation, a parametric study of the size and the location of the trap was numerically studied. For different values of d ranging from 0 to 0.4 m, we compare the reflected pressure recorded at the end-wall of the branch in the presence of the trap (P r ) with a reference pressure recorded without the trap (P max ). Results are presented in Fig. 6. Fig. 6 Evolution of the reflected pressure ratio P r /P max for different values of d

Figure 6 shows that the optimal location of the trap is approximatively at d=0.12 m. The presence of a trap at this location can mitigate up to 18% the reflected pressure.

Influence of the parameter L/H

Now that the optimal location of the trap was identified and fixed at d=0.12 m, we studied the influence of the ratio R = L/H making sure to keep the same cavity area set at 80×80 mm As we can see in Fig. 8, the optimal ratio of L/H is between 1 and 4.

Influence of a trap located on the lower wall

This section presents the same parametric study considering now the effect of a trap located on the lower wall as shown in Fig. 9. Only the values of the parameter d have been changed for layout reasons.

Influence of the parameter d

As in the previous case, both L and H are set at 80×80 mm 2 . The parameter d varies from 0.1 to 0.4 m. Compared to the previous case where the trap was located on the upper branch, it is evident that in this configuration the location of the trap has less infuence on the mitigation of the reflected pressure. The presence of the trap is as important as the previous case on the ratio P r /P max (around 18% of mitigation), but its location on the lower wall is less important. However the maximum of mitigation is recorded for the stronger Mach number (M=1.69) corresponding to a value of d equal to 0.22 m. This value of d is retained for the rest of the investigation about the size of the cavity.

Influence of the parameter L/H

Figure 11 presents the evolution of the reflected pressure ratio P r /P max for different values of L/H for a trap located on the lower wall at the optimal value of d = 0.22 mm. We can observe that the optimal ratio L/H is between 1 and 4. Fig. 11 Evolution of the reflected pressure ratio P r /P max for different values of the parameter L/H

Influence of a trap located at the point of bifurcation

The study of the influence of a trap located at the point of bifurcation (see Fig. 12) on the reflected pressure ratio P r /P max is summarized in the following section. Figure 13 presents the evolution of the end-wall reflected pressure ratio P r /P max for different values of α. It is clear that the ratio L/H which affects both the depth and the height of the trap has a real influence on the mitigation of the end-wall reflected pressure. For the higher Mach number (M=1.69) the mitigation reaches more than 20%, for an angle between 24.3 and 66.8 degrees, compared to the case without the cavity. This makes this kind of trap the most effective between all the tested shapes. 

Conclusion

This investigation explores the mitigation of the pressure level in the device with the addition of traps (cavities) along the studied configuration. A parametric study based on the shape and size of the cavities, shows that these parameters have a considerable influence on the pressure level in the duct system and can mitigate the end-wall reflected pressure up to 20% in the optimal case.

Fig. 1

 1 Fig.1 Scheme of the experimental setup: the T80 shock-tube, the Y-shaped test section and the pressure transducers arrangement.

Fig. 2

 2 Fig.2 Photography showing the test section with the trap in the lower branch. Trap size: 80×40 mm 2

Fig. 3

 3 Fig.3 Comparison of the reflected pressure recorded at the end-wall, of the branch without the trap (M 1 , black line) and the branch with the trap (M 2 , red line). The incident shock wave Mach number is 1.36.

Fig. 4

 4 Fig.4 a. Experimental (top) and numerical (bottom) schlieren picture of a shock wave propagating through a trap located on the lower wall at same time. b. Comparison of the evolution of the pressure signal in the Y-shape for an incident shock wave Mach number of 1.36 at the end-wall (M 1 , black line) and its numerical equivalents (red line).
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 5 Fig.5 Geometric characteristics of the trap located on the upper wall.
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 7 Fig.7 Geometric aspect of the trap according to different ratios R = L/H

Fig. 9

 9 Fig.9 Geometric characteristics of the trap located on the lower wall.
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 1010 Figure 10 represents the evolution of the reflected pressure ratio P r /P max for different value of d and for the three shock wave Mach numbers.

Fig. 12

 12 Fig.12 Geometric characteristics of the trap located at the point of bifurcation

Fig. 13

 13 Fig.13 Evolution of the reflected pressure ratio P r /P max for different values of the angle α and three shock wave Mach numbers
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Table 2 .

 2 The different values of the parameters are choosen in order to keep the same cavity surface area which is arbitrarily set at 3500 mm 2 .

Table 2

 2 Values of the parameters L , H et L/H (m) and the corresponding angle (α in degrees)

	L (m) H (m) R = L/H α (degrees)
	0.084 0.08333	1.008	89.54
	0.1	0.07	1.43	66.8
	0.125	0.056	2.23	39.06
	0.15 0.046667	3.21	24.3
	0.175	0.04	4.375	16.5
	0.2	0.035	5.7	11.9
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