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detonation of the warhead is provided by the cumulative jet. Calculations of engineering defense systems to increase the 
survivability of military equipment and structures were carried out. It has been proven that shelters should have both pre-
detonation screens and an internal protective shell to neutralize all damage factors. Calculated distances at which the 
cumulative jet does not pose a significant danger and the combat part of unmanned aerial vehicles can be considered as high-
explosive fragmentation. The proposed classification of the engineering protection system to increase the survivability of military 
equipment and structures, by categories, material and degree of protection. The main requirements that protective pre-
detonation screens must meet are formulated. Examples of effective options for the arrangement of protective pre-detonation 
screens are considered, in particular, based on circular weaving nets. The strength of such products has been confirmed by 
numerical simulations in software complexes based on the finite element method, as well as by full-scale experiments conducted 
abroad. It was noted that mesh and lattice pre-detonation screens by themselves do not provide full protection, they are only able 
to create a safe distance from the anti-aircraft missile to the possible point of explosion of the combat part of the unmanned 
aerial vehicle, and also increase the chance of its trajectory being distorted and the detonator not detonating when it collides 
with the screen. 

Keywords: engineering protection, UAV, Lancet, "Fortress country", pre-detonation screens, metal structures, nets, 
fortification, protective structures. 
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NUMERICAL SIMULATION OF THERMOPHYSICAL PROCESSES IN THE BUBBLE AS AN ELEMENT OF A 
MASKING CURTAIN 

O. Klimov, O. Isakov, . Pashuba, O. Kyprinenko  

The movement of a bubble in an air stream with the consideration of the heat exchange process between the air, the bubble 
shell and the heated air inside the bubble was numerically investigated. Numerical modeling was carried out in the Ansys Fluent 
software product. It was assumed that the injection of the bubble takes place in the air flow, which has a speed of 3 m/s, and the 
air temperature is 293 K. The calculation was carried out for the diameters of the bubbles, which were equal to 3 mm and 5 mm. 
The thickness of the bubble shell was equal to 1 m. It was assumed that at the time of injection of the bubble into the air flow, 
the initial temperature of the heated air, which is filled with the bubble, exceeds the temperature of the surrounding air in the 
first variant by 10 K and in the second variant by 30 K. The velocity field of the air flow that occurs inside the bubble during its 
external flow with a speed of 3 m/s and when the external air is stationary. The bubble surface temperature and air velocity 
vector field are calculated. Based on the analysis of the simulation results, it was determined that achieving the volatility of the 
bubble by heating the gas is not expedient due to the short air cooling time, which in the calculated versions did not exceed 250 
ms. Therefore, the most effective method for achieving bubble volatility is determined in this paper. Based on the above, we come 
to the general conclusion that the filling should be with a gas of the density that is less than the density of air under the same 
thermodynamic conditions. These processes should form the basis of a mechanism that will ensure thermal reconnaissance 
protection of armoured weapons. This function is most effective when the enemy uses night vision devices. This area should take 
constant development steps to counteract the enemy's reconnaissance tasks. The material part of the study (gas and liquid) 
should be studied in interaction and subject to experimental investigation. These actions are aimed at achieving maximum effect. 

Keywords: aerosol masking, bubble curtain, thermophysical processes, numerical simulation, Kelvin degree, air flow, 
detection, conspicuity, visibility, reconnaissance signs, armoured weapons. 

 
 

 


