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Abstract: The paper presents the research approach on the numerical simulation applicable to pressure relief 
valve on the bore gas evacuation device embedded on the high pressure barrels with special destinations. The 
numerical simulations were conducted in order to asses the behavior of the components elements of the pressure 
relief valve belonging to bore gas evacuation device. Consequently the present research could contribute at the 
problem of solving of an increased number of requirements with reduced resources in terms of functioning 
assessment of high pressure barrels with special destinations. 
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INTRODUCTION 
The bore gas evacuation device enables the 
evacuation of the gas from the high pressure barrel 
channel in the bore gas reservoir. After a short 
period of time the gas stocked in the reservoir will 
be ejected in the atmosphere in the direction of the 
muzzle barrel. [6] 
Consequently the quantity of the burned gas from 
the interior of the special destination vehicles will 
be decreased.  
The interior of the bore gas evacuation 
communicate with the high pressure barrel channel 
through different dedicated holes drilled in the 
barrel. [7]. 
A salient factor in the bore gas evacuation device 
functioning is represented by the pressure relief 
valve. The pressure relief valve controls the gas 
admission from the barrel channel within the bore 
gas reservoir.  

 
Figure 1. A schematic view  

of an bore gas evacuation device 
 

EXPERIMENTAL AND NUMERICAL MODEL 
The functioning of the bore gas evacuator depends 
on the proper functioning of the pressure relief 
valve. The pressure relief valve could have different 
technical constructive solutions.  

 
Figure 2. A schematic view of the pressure relief valve 

 
Figure 3. A schematic view  

of the pressure relief valve dynamic 
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For the current research the main components of 
the pressure relief valve, taken into consideration, 
are presented in Figure 2. Thus was taken into 
consideration a pressure relief valve which consists 
in 1-ball, 2-plunger rod, 3-elastic damping 
elements. 
The equation of the motion of the pressure relief 
valve mobile mass according to the D’Alambert 
principle is: 

mgFymFF dep +++=    (1) 
The mobile mass of the pressure relief valve include 
the mass of the ball, plunger rod and of the elastic 
damping elements. 
The force induced by the gas pressure at the 
admission of the gas inside the reservoir of the bore 
gas evacuation device is computed with   

)t(ApFp =    (2)
 where A represent the area of the admission gas 

hole and p(t) represent the variation of the pressure 
inside of the channel barrel. The variation of the 
pressure p(t) is computed according to the 
provisions of the dedicated technical literature 
books. [3]  
The force which is opposed at the movement 
depends on the velocity the plunger rod and is 
computed with 

ykF dp =             (3)
 The critical damping coefficient [4] is computed 

with 

edc mk4k =    (4) 
The damping ratio [4] is computed with 

dc

d

k

k
=δ          (5) 

The restoring force of the elastic damping elements 
is computed with 

ykF ep =           (6) 

In order to asses the functioning of the pressure relif 
valve of the bore gas evacuation device was 
computed a dynamic simulation within the 
SYMULINK dedicated software.   
CASE STUDY 
Input data 
The integration scheme of the functioning ecuation 
of the pressure relief valve according to the 
SYMULINK notations is presented in Figure 4. 
The simulation of the functioning of the pressure 
relief valve was conducted with the inlet force 
depicted in Figure 5. The signal of the inlet force is 
applied for a extermely short period of time up to 
0.1 seconds. In this manner is emphasised the 
particular behavior of the gazodinamic 
phenomenon in the admission area of the gas within 
the bore gas evacuation device. Input data are: inlet 

force, mass of the ball, plunger rod and of the 
elastic damping elements, elastic coefficient ke. 

 
Figure 4. SYMULINK diagram 

 
Figure 5. The force applied on the ball of the bore gas 

evacuation device 
Output data 
Based on the input data was computed the critical 
damping coefficient kdc and where plotted the 
diagrams of movement, velocity and acceleration of 
the ball-plunger rod assembly. (Figure 6, Figure 7 
and Figure 8) 

 
Figure 6. Ball-Plunger rod movement 
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Figure 7. Ball-Plunger rod-velocity                           

 
Figure 8. Ball-Plunger rod acceleration 

 
Figure 9. Ball-Plunger rod movement 

 

 

 
Figure 10. Ball-Plunger rod-velocity 

 

 
Figure 11. Ball-Plunger rod acceleration 
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To assess the behavior of the ball-plunger rod 
assembly where conducted numerical simulations in 
the variants with damping ratio values 0.1 and 0.7. 
For the before mentioned values of the damping 
ratio where computed the corresponding values of 
the actual damping coefficient. With these values as 
input data for the SYMULINK calculus where 
plotted the diagrams of the movement, velocity and 
acceleration (Figure 9, Figure 10, Figure 11). 
The obtained diagrams present the possible options 
for the functioning of the components elements of 
the pressure relief valve. Thus in principle could be 
defined the followings approaches: 
 mechanical elements with damped movement in 

a period of time up to 0.45 seconds 
 mechanical elements with fast damped 

movement in a period of time up to 0.14 seconds 
 In the context of the high pressure barrels with 

special destination the numerical dynamic 
simulation has a couple of advantages: 

 the costs to identify a proper technical solution 
for the pressure relief valve are decreased. In this 
context is to emphasize that a real test for a bore 
gas evacuation device is expensive. 

 the behavior of the components elements of the 
pressure relief valve is assessed also in the case 
with a high value of the friction coefficient. This 
is equivalent with the dissipation of enhanced 
quantity of heat due the functioning of the 
pressure relief valve. At this phenomenon is 
added also the heat induced by the intense 
thermodynamic regime within the inlet zone of 
the bore evacuation device. 

 assessment of the behavior of the components of 
the pressure relief valve enable the establishment 
of  their optimal technical solution.   

 the value of the  ball-plunger rod movement 
enable the design of the pressure relief valve in 
term of its size. 

CONCLUSIONS 
The proposed model can contribute at the 
assessment of the functioning behavior of the bore 
gas evacuation device embedded on the high 
pressure barrels.  
The results of the numerical simulation emphasizes 
the achievements of the presented method as 
follows: 
 the depiction, through the mechanical theory 

equations, of the behavior of the pressure relief 
valve belonging to the bore gas evacuation device 
is a genuine approach in the field of the high 
pressure barrels with special destination; 

 the method enable to be established a data base 
in terms of assessment of the dynamic behavior 
of the elements components  belonging to the 
bore gas evacuation device; 

 the method contribute to a proper design of the 
bore gas evacuation device through parameters 
like movement, velocity or acceleration of the 
ball-plunger rod assembly; 

 the future research work can be focused on a 
thorough evaluation of the thermal effect on the 
reliability and dynamic behavior of the pressure 
relief valve. 
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