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Figure 1 – Distribution of magnitudes of value GСO2 on operational regimes field of diesel engine 2Ch10.5/12  
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Problem statement and analysis of literature 
The precision of manufacturing of a manual fire barrel (MFB), as shown in [1], has a 

significant impact on the geometric parameters of the trajectory of movement of the water jet as an 
ideal fluid from MFB. At the same time, these parameters are also determined by the value of the 
diameter of the outlet hole of MFB d0 (in m), which varies within the regulatory limits according to 
DSTU 2112-92 [2], and also depends from the angle of inclination of the MFB axis to the horizon 
Θ0. However, the estimation of such influence in previous studies was performed for one steady 
regime of water movement in the MFB, characterized by a constant value of the piezometric height 
H1 (in m) or the pressure P1 (in Pa) of the fluid at inlet hole of the MFB, which determines the 
volumetric flow rate of the fluid through any live section of the MFB Q0 (in m3/s) (as well as the 
hose line and the jet provided by the law of continuity of flow), which in turn determines the value 
of the average speed of the fluid at the live section of the jet at the exit opening of the MFB V0 (in 
m/s). That is, these studies were performed on the assumption that the values of H1 or P1 are 
constant throughout the fire extinguishing process. However, in practice, the values of H1 or P1 are 
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not constant and depend on the regime of operation of the fire pump, the parameters of the hose line 
and the physical properties of the extinguishing fluid, which determines the relevance of the study.  

The solution to this problem we propose by formulas (1) and (2) to determine the values of 
lmax and hmax, formula (3) – the continuity equation of the flow of ideal fluid, formula (4) – Bernoulli 
law for the flow of ideal fluid [3]. The trajectory of movement of the water jet from the MFB and its 
geometric characteristics and the calculation scheme of the MFB are illustrated in Fig. 1 [1]. In 
formula (1) – (4): g – Acceleration of gravity, m/s2; h0 – the height of the location of the center of 
the output of the MFB relative to an arbitrary horizontal plane along which the x-axis is directed, m; 
z – geometric height, m; P/(ρ·g) – piezometric height, m; V2/(2·g) – velocity height, m; z1 = 0 m; z0 
= H = L·sinΘ0. The formula that relates the velocity of the fluid in the outlet of the MFB V0 with the 
value of the excess pressure at its inlet P1 and the angle of inclination of the barrel axis to horizon 
Θ0, obtained from the Bernoulli equation, is of the form (5). In formula (5): ρ – density of liquid, 
kg/m3; L – length of MFB, m; d1 – diameter of the inlet of MFB, m; d0 – diameter of the outlet of 
MFB, m. Then the formula for determining the volumetric flow rate of liquid through any live 
section of the MFB Θ0 takes the form of formula (7). The results of the calculated study are 
illustrated in Fig. 2. 
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a b 
Figure 1 –Trajectory of movement of the jet of the fluid from the MFB (a) 

and calculation scheme for water movement in the MFB (b) [1] 
 

For PC-50A barrel d0 = 1,30·10–2 m, d1 = 5,10·10–2 m, L = 0,265·10–3 m [2], ρ = const = 
= 1000 kg/m3, working absolute pressure of liquid in PC-50A should not exceed 6 kg/cm2. The 
pressure values of liquid P1 in this study varied in the range from 0.0 to 0.5 MPa (0… 5 bar) in 
steps of 0.05 MPa (0.5 bar), that is, there were 11 levels of variation, and the angle Θ0 was in the 
range from 0 to 90° in increments of 10°, the value of 45 ° is also singled out, i.e. there were 11 
levels of variation. The values of lmax and hmax reach maximums of 103 m and 52 m at P1 = 0.5 MPa 
and Θ0 = 45° and 90°. Values of Θ0 and V0 reach maximums of 4.2 l/s and 31.7 m/s at P1 = 0.5 MPa 
and Θ0 = 0°. 

Thus, the study presents an approach and an appropriate technique that takes into account 
the change in the pressure of the extinguishing liquid at the inlet of the MFB and the angle of 
inclination of its axis to the horizon when calculating the geometric parameters of the trajectory of 
the motion of a ideal liquid jet from it when moving without air resistance. 
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Figure 2 – Graphs of the maximal values of the jet length lmax (a) and the height of the jet hmax (b) 

for the PC-50A from the angle Θ0 for different values of pressure P1 and the dependence  
of the maximum values of the jet length lmax (c) for PC-50A from pressure values P1  

for different values of angle Θ0 
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