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CALCULATION OF THE HEIGHT OF THE PROJECTILE IN THE CONDITION OF COMPLETING ITS 

MOVEMENT AT SUBSONIC SPEED 

P. Tkachyck, L. Velychko, M. Voitovych, M. Sorokatyi 

One of the factors that affects the dynamics of the projectile is frontal air resistance. It is quite problematic to obtain its 
functional dependence on projectile speed, air density and temperature, atmospheric pressure, geometric parameters of the 
projectile and other factors using an analytical method. Their total effect on the movement of the projectile can be determined, 
with some accuracy, by solving the corresponding inverse problem. On the basis of experimental studies, it was established that 
the behavior of the force of frontal air resistance significantly depends on whether the projectile moves at supersonic, subsonic 
or subsonic speeds. Polygon studies establish a discrete relationship between the aiming angle and the firing range at certain 
values: the type of projectile, its mass, the initial speed of the projectile, air temperature, atmospheric pressure. 

On the basis of these statements, the authors developed a method for determining the functional dependence of the force of 
frontal air resistance on the speed and mass of the projectile, atmospheric pressure, air temperature and some other factors 
based on solving the inverse problem of dynamics. During the movement of the projectile in the air, there is an alternate change 
in the values of the speed. If the initial speed of the projectile is supersonic, then the projectile will move first with a supersonic 
falling speed, then with subsonic and subsonic falling speeds. However, at large aiming angles, the projectile can move with 
increasing speed at the final stage of movement. The functional dependence of the drag force is determined for each stage in 
particular. However, a feature of projectile motion in the air, when its speed begins to increase, is the emergence of the force of 
lateral air pressure on the projectile. The latter is directed perpendicular to the velocity of the projectile and downwards. The 
magnitude of the lateral pressure force depends on the magnitude and direction of the velocity of the projectile, its flight height 
and some other factors. 

The developed mathematical model was applied to determine the parameters of the projectile motion of the 3H charge fired 
from the M777A2 howitzer. A comparison of the kinematic parameters of projectile movement obtained on the basis of the 
proposed mathematical model with the corresponding values of the firing tables is carried out. It was found that at aiming angles 
up to 45°, the theoretical results and the corresponding table values almost coincide. At larger aiming angles, there are certain 
discrepancies between the theoretical results and tabular values, since the authors took into account the force of lateral air 
pressure on the projectile. 
 
Keywords: external ballistics, projectile dynamics in the air, frontal air resistance, supersonic projectile speed. 

 
 

 
 

 


