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Experiments and Numerical Simulation of a Shock Wave
discharged from an Open-end

Tetsuro OBARA™*, Shigeharu OHYAGI,
Yousuke ARIGA and Hajime KATOH

* Department of Mechanical Engineering, Saitama University,
255 Shimo-Ohkubo, Saitama-shi, Saitama, 338-8570 Japan

It is important to investigate a pressure profile when a diffracted shock wave interacts with a
reflector from a safety point of view. Because the diffracted shock waves are often generated by the
explosions of combustible gases to cause serious damages against human race and surrounding
buildings. The maximum pressure behind reflected shock wave is one of the most important
parameter and this report is concerned with the evaluation of maximum pressure, which might be a
function of Mach number of the shock wave, distance from a source of the shock wave, initial
pressure of the gas, and initial diameter of the shock wave, etc. In this study, a detonation-driven
shock tube of 14 m long and 50 mm diameter is used to generate a strong shock wave of propagating
Mach number Ms=3.0~5.2. The shock wave is diffracted from an open end of the shock tube of
25 mm diameter and reflected from a cylindrical reflector of 50 mm diameter. These phenomena are
observed using color-schlieren optical techniques and the pressure histories at the stagnation point
of the reflector are simultaneously measured. As a result, { i ) The behaviors of the diffracted shock
wave and complicate flow-fields behind reflected shock wave are observed. (ii) An empirical
equation to calculate the maximum pressure behind reflected shock wave is estimated by the results
of experimental and numerical simulation.
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Fig. 1 Schematic diagram of experimental set-up
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Table 1 Experimental conditions

Driver Gas 2H2 + O2

Test Gas Air

Driver Pressure, pa. 303.0kPa

Test Gas Pressure, p; 11.3 ~ 81.3kPa
Mach Number, Mg 3.0~5.2
Diameter of Open End, D $25 mm

Distance, L 12.5, 25.0, 50.0 mm
Non-dimensional Distance, L/D 0.5, 1.0, 2.0
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Fig. 2 Schematics of computational domain
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Fig. 3 Comparison of schlieren photograph be-
tween experimental (upper) and numeri-
cal simulation (lower) showing diffraction of
shock wave, Mg = 3.4, L/D = oo
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Fig. 4 Density distribution along axis of symme-
try, relative to Fig.3, Mg = 3.4, L/D = o0

Fig. 5 Pressure distribution along axis of symme-
try, relative to Fig.3, Mg = 3.4, L/D = c©
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Fig. 6 Schlieren photograph showing reflection

behavior of diffracted shock wave, left:
experimental, right: numerical, Mg = 3.4,
L/D=05,t=25us
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Fig. 7 Pressure histories measured at stagnation
point of reflector, Mg = 34, L/D = 0.5
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Fig. 8 Schlieren photograph showing reflection
behavior of diffracted shock wave, left:
experimental, right: numerical, Mg = 3.4,
L/D =10, t =50 s
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Fig. 9 Pressure histories measured at stagnation
point of reflector, Mg = 34, L/D = 1.0
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Fig. 10 Schlieren photograph showing reflection
behavior of diffracted shock wave, left:
experimental, right: numerical, Mg = 3.4,
L/D = 2.0, t = 100 us
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Fig. 11 Pressure histories measured at stagnation
point of reflector, Mg = 34, L/D = 2.0
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