Experimental Characterization of Flow Fields Generated by Blast Waves and Supersonic Projectiles
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Chapter 1: Characteristics of Blast Waves Generated by Milligram Charges

The study of explosion phenomena is an important research field for safety assessment and for the analysis and prediction of explosion disasters. Blast waves are produced by the sudden release of energy from sources such as a chemical detonation, a nuclear explosion, or the rupture of a pressurized vessel. These waves are characterized by a supersonic shock front followed by an exponential-type decay of the physical properties of the gas [1]. Occasionally, some of the fragments of these sources may pass through and move ahead of the shock front. 

In large-scale experiments, which have been intensively carried out over the last decades, many diagnostic techniques have been developed to measure the physical properties of a gas subjected to a blast wave [1, 2]. In small-scale laboratory experiments, on the other hand, different diagnostics are available, which may be difficult to implement in large-scale tests. This concerns mainly density-sensitive flow visualization techniques such as shadowgraph, schlieren methods, and interferometry. These techniques allow us to visualize and quantify the full flow field including primary and secondary shock waves and the contact surface enveloping the cloud of combustion products. Apart from significantly reduced cost, another major advantage of small-scale tests is the short turnover time between experiments – more than 30 trials per day can be performed without difficulty. The gathered information is useful for a thorough validation of computer codes for blast wave simulation, since the experimental and numerical results can easily be brought to the same format for comparison. 

Large-scale explosions have been investigated intensively by many researchers in the last century. It was found that many blast wave parameters can be scaled for charge masses varying from a few grams up to several tons [1, 2, 3]. In this study it was to be shown that the same scaling law could also be applied for much lower charge masses of the order of a few milligrams.

The blast wave from the detonation of a cylindrical charge of silver azide with a charge mass 

varying between 10mg and 0.5mg is described based on experimental results of pressure 

measurements and visualizations. Primary shock wave, secondary shock wave, and 

combustion products are seen on sequences of photos taken with an image converter camera. 

From these pictures x-t diagrams could be established and based on these x-t 

data, the overpressure could be obtained as a function of distance. Comparing the obtained 

face-on overpressure data with TNT reference data against scaled distance, the blast waves 

generated by the investigated charges were seen to follow the same scaling laws. Furthermore 

an average TNT equivalence factor of silver azide was found to be approximately 0.45.
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Chapter 2: Performance of a Vertical Two-Stage Light Gas Gun

Wind tunnels or shock tunnels are the commonly used ground-based experimental facilities to simulate supersonic and hypersonic flows. However, they are hardly suited to investigate wake flows and the stability of moving bodies at such high speed because the model usually has to be mounted on a rigid support which influences the wake to an unacceptable extent. Furthermore, it is not easy to reproduce high supersonic or hypersonic flight in atmospheric air in such facilities [1]. 

These issues can be overcome in a free flight facility where the model is accelerated to supersonic speed and left to propagate freely through a test section that can have dimensions from several centimeters to tens of meters. Main features of the gas gun are that the projectiles move into turbulence-free quiescent test gas and that the test gas can be chosen freely. Two-stage light gas guns are commonly used for supersonic projectiles research [1, 2].

Light gas guns use highly compressed hydrogen or helium to propel adequately shaped models. The propellant gas is rapidly compressed by means of a free piston in a long cylinder (the pump tube). When the propellant pressure exceeds the rupture pressure level of the diaphragm, the compressed gas enters the launch tube and it forces the model to accelerate to high speed. During the model’s propagation through the launch tube the piston continues to compress the reservoir of hydrogen or helium by its momentum [2].

In the Shock Wave Research Center (SWRC) of the Institute of Fluid Science, Tohoku University, a preparatory survey was started five years ago with the aim to construct a compact free flight facility in the form of a compact vertical two-stage light gas gun. This facility should allow projectiles to fly at supersonic speeds corresponding to M < 2.5 in ambient air through test sections that were to be located within 2m from the muzzle. An integral part of such a facility, namely the compression of the driver gas by means of a free piston, was investigated in a preliminary research [3, 4]. There the motion of a heavy piston driven by high pressure nitrogen was continuously monitored with the help of a piston motion velocity interferometer (PVMI) especially designed for this purpose [3, 4] The results of these tests were compared with numerical data that were obtained from the simulation of the tuned operation of a free piston shock tunnel. This analysis had been developed for the establishment of the free piston shock tunnel HIEST of NAL Kakuda [5].

Following these preparatory studies, a compact vertical two-stage light gas gun was designed and built in order to investigate the wake flow field generated by a supersonic projectile [6]. Furthermore a new mounting system followed some guidelines obtained from a preliminary experiment [3] to get high accuracy and repeatability for this research. This study describes some characteristics of the vertical two-stage light gas gun and gives first flow visualization results.

Three sets of experiments were conducted, namely measurement of projectile velocity, simple visualization for a given projectile velocity, and measurement of pressure in the pump tube. From these records, the projectile velocities as a function of given initial conditions (preservoir = 1.3 MPa, ppump tube = 0.03 – 0.08 MPa) could be determined. The recorded pressure history in the pump tube helped to interpret the results.
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