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Fig. 1 A photo of horizontal shock tube test system”!
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Fig.2 Schematic diagram of horizontal shock tube’™
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Fig. 3 Photos for the prepared sand structure and its assembly’
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Table 1 Characteristic parameters of sand walls in seven experimental cases

TH FE S F1/MPa JELRE /mm UKL A2/ um FLBREE/% WA FWE S/ (kg m™) o
1 2 20 250 56.6 3060 7R
2 4 20 250 56.6 3 060 7R
3 2 20 10 69.3 1196 Mt
4 4 20 10 69.3 1196 Wt
5 5 30 250 56.6 1146 VaE X/
6 5 30 250 56.6 1146 FR
7 4 20 250 56.6 1146 FrEd
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Fig. 4 High-speed schlieren photos of flow field at different times in the case 1
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Fig. 5 High-speed schlieren photos of flow field at different times in the case 2
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Fig. 6 High-speed schlieren photos of flow field at different times in the case 3
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Fig. 7 High-speed schlieren photos of flow field at different times in the case 4
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g. 8 High-speed schlieren photos of flow field at different times in the case 5
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Fig. 9 High-speed schlieren photos of flow field at different times in the case 6
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Table 2 Propagation velocities of shock waves in all cases

T SR R NS HE /(s ™) BRI (mes ) S R /(mes ™)
1 1.827 632 767 331

2 2402 831 993 391

3 2.000 692 767 331

4 2413 835 858 361

5 2402 831 948 361

6 2.503 866 993 391

7 2402 831 933
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Table 3 Process state data for determining impact relation of sand wall

ASHRUBETRE AR ASHRIERE RIS i S 3]

T4 X [z S ES
W /(m-s™) & F1/MPa B /(kg'm ) HE/(m-s™) HESE/(m-s™)

1 369 0.378 2.846 331 0.43

D=513.7Tu+546.1
2 572 0.665 3.809 383 0.87
3 433 0.456 3.160 344 1.54

D=87.6u+632.1
4 576 0.652 3.826 369 2.58
5 572 0.665 3.809 372 2.41

D=209.7u+443.5
6 606 0.724 3.954 382 2.62
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Fig. 10 Diagram illustrating the determination of Hugoniot Fig. 11 Comparison of D-u relations of different sand walls
particle velocity and stress state of sand wall made with quartz, iron and bauxte particles
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Table 4 Hugoniot relations of dry sand reported in other literatures

HILHRIAR/um VIR (kg-m ™) R 3/(mes™) R A
Fs i 71/GPa ST
RS il ek
1 1~6 70~ 140 1490 504 1.6 Dianov, et al'¥
2 0.5~3.0 <850 1380~1 450 560 1.69 Perry, et al!"”!
3 0.53~5.76 230 1430+ 50 530 1.64 Chapman, et al'"*!
4 03~1.8 ~200 1570 243 2.348 Brown, et al!'®)
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Dynamic responses of sand wall under planar shock loading

WANG Hongliang', TIAN Zhou', PU Xifeng',
YAO Chengbao'”, SHOU liefeng'?
(1. Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China;
2. State Key Laboratory of Explosion Science and Technology,
Beijing Institute of Technology, Beijing 100081, China;
3. School of Mathematical Sciences, Peking University, Beijing 100871, China)

Abstract: In order to study the dynamic response behavior of a sand wall in the process of the shock-sand
wall interaction, experiments are carried out in a horizontal shock tube. A high-speed schlieren imaging
system is used to capture the instantaneous structures of shock wave and moving process of the sand wall in
the flow field. The incident shock Mach number ranges from 1.827 to 2.413, and the incident shock strength
ranges from 0.378 MPa to 0.724 MPa. Three different kinds of sand walls are constructed using well-size-
distributed iron sand, bauxite sand and quartz sand, the corresponding porosities of these sand walls are
56.6%, 69.3% and 56.6%, respectively. High-speed schlieren photographs show that regular reflection occurs
when the incident shock wave impacts the sand wall. Moreover, the sand wall does not move significantly
until the hundreds of microseconds after the onset of the interaction, indicating that the dynamic response
behavior of the sand wall is similar to that of a rigid body. Basing on the shock wave theory, the Hugoniot
relations for sand walls made from three different materials are established. The bulk elastic moduli of iron-,
bauxite- and quartz-sand walls are 0.913, 0.478, and 0.225 GPa, respectively. The constant 4 in the Hugoniot
relations is on the order of 100. It is concluded that the relatively low shock impacting majorly leads to the
volume deformation of the sand wall, and the heat effect of the sand wall caused by shock loading may be
unimportant.
Keywords: planar shock wave; sand wall; dynamic response; high-speed schlieren
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