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Abstract: The objective of this study is to investigate the drag reduction effect of a new launch 

technology by utilizing propellant gases to drain off water in the front of the projectile inside the 

gunbarrel for submerged launch process of underwater gun. A static analogue visualized device 

was designed and the high-speed digital photographic system was adopted to investigate 

expansion processes of multiple wall jets in cylindrical observation chamber. The evolution laws 

of Taylor cavities can be obtained by dealing with the expansion sequence maps. Based on the 

experiments, a three-dimensional unsteady mathematical model is established to simulate the 

interaction process between the multiple wall jets and liquid medium, which can achieve the 

detailed distribution characteristics of phase, pressure, temperature and velocity in flow field. 

Results show that, by increasing four wall jets to eight wall jets, the decrease of the inlet turbulent 

kinetic energy of each jet leads to a decline in the initial axial velocity. However, the Taylor 

cavities achieve to converge more quickly for the case with more numbers of combustion-gas jets 

due to less nozzle interval distance. In addition, the convergence of Taylor cavities can enhance 

the drainage effect of the multiple wall jets and achieve excellent drag reduction effect for the 

underwater launching process, wherein the drainage effect for the case of six wall jets is the most 

outstanding. 
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1 Introduction 

If the conventional gun launches underwater directly, the resistance before 

projectile will increase by 800 times compared with that in the air condition due to a 

large amount of water existing in front of the projectile, which leads to sudden change 

of the ballistic characteristics, sharp increase in the chamber pressure and accident of 

breech blow. At present, the sealed launcher ordinarily adopted for underwater gun, 

which employs a sealing device to separate the gunbarrel from the water, can gain a 

high muzzle velocity. Nevertheless the introduction of the sealing device makes the 

structure more complicated and the firing rate lower. In addition, the submerged 

launcher is also used in the underwater launching process and it reduces the chamber 
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