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Oil well perforators (OWP) are explosive devices that are used in drilling industries of oil and gas wells 
to access the reservoir and increase the wells efficiency. The performance of oil well perforators is 
measured by the depth of penetration that can be achieved, for this reason depth as the main parameter 
must be examined. In this article, a complete report of numerical simulation and performance 
optimization of these devices, which are indeed small size shaped charges, is presented. To do this, the 
multi-material Eulerian and the Lagrangian methods are used for simulation of the jet formation and its 
penetration into underground rock processes, respectively. For solving the problem of large deformation 
elements in Lagrangian method, erosion criterion elements were used. Because the results of jet 
formation and penetration process are heavily influenced by the density of the mesh, in this study mesh 
sensitivity was examined. The described simulation is validated by the use of reliable results of some 
references and then, a new charge geometry is suggested which resolves the inhomogeneities in the 
distribution velocity of the tail and increases the effective length of jet in the penetration process.  
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Fig. 1 The step of wellhead, pressure control, gun, case, cement 
and shaped charges [1] 
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Fig. 2 The test setup according to API-RP43 (dimension mm) 
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Fig. 3 Collapse process for variable collapse velocity [9] 
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Fig. 4 Finite element models in this study 
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Table  1 Air properties in null model and coefficients of the 
linear polynomial equation [10] 

  )Pa × s(      (kg/m )  
  10  0.4 0.4  1000    

2 [12] 
Table 2 Explosive material properties [12] 

    
  (gr /cm ) (GPa) (cm/ s)  

PE4  1.6  28  0.8193  
Pbx-9011  1.777  34  0.8500  

HMX 1.891  42  0.9110    

3 – –  [12]  
Table 3 The JWL constants [12] 

        
PE4  0.25 0.09  0.1295 6.098 4.5 1.4 

Pbx-9011  0.3 0.089 0.08 6.3470 4.2 1 
HMX 0.3 0.105 0.077 7.783 4.2 1   

6- Viscosity 
7- Jonson - coock
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Table 4 The input parameters for steel and copper materials [6] 

      
      

(gr/cm )   8.93  7.83  

A (MPa)  89.6  792  
B (MPa)  292  510  

n  0.31  0.26  

C  0.025  0.014  
m  1.09  1.03  

  1.96  1.93  

(m/s)  3940  4569  

S 1.49  1.4  

  (K) 1356  2380  
  

1- Hopkinson 
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Fig. 5 Stress limit surfaces scenario in the RHT strength model 
[14] 
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Fig. 6 Schematical description of the p -  equation of state [15] 
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Table 5 The input parameters for the RHT strength model [6] 

 )MPa(  40  140  

  -    
 )g/cm3(  2.32  2.52 

 (MPa) 26.6  93.3  

 (GPa)  6  6  

NP  3  3  
  -  -    

)GPa(  17  22.06 

 (ft/fc) 0.1  0.1  

   (fs/fc)  0.18  0.18  

 A 1.6  1.6  
N 0.61  0.61  
 Q 0.68  0.68  
B 0.01  0.01  

GT 0.7  0.7  
GC 0.53  0.53  
AF 1.6  1.6  
NF 0.61  0.61  

BETAC 0.031  0.009  
BETAT 0.035  0.0125    
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Table 6 penetration depth for different Erosion strains 

 mm)(  
2  19.52  

1.8  26.8  
1.5  20.13  
1.3  23.16  
1  20.74    

7 µs 18   
Table 7 jet tip velocity for different mesh size at 18 µs 

)mm(  2  1.6 1.1  0.7  0.3  0.2  

)m/s(  
4985  5234  5769  6050  6679  6685  
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Fig.  7 The numerical penetration into 140 MPa concrete using 
different mesh sizes 
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Table  9 Comparison of simulation results with reference data 
and analytic relations 

   )cm(  

-   23.02 

  23.64  

- -   23.16  
  

 ASTM   
[6] 

  
 .

PE4PBXHMX 
 2 3    10 

. 

 .  
10 

 U 
   

 . 
   .

   
 .

8   .
 .

 .
 [17]. 

(13)  2
=  

E   .
F C M 

 

HMX PBX 
PE4    

  
Fig. 10 the new geometry for Charge 

10  

  
 

 .11  50 
µs sµ 75  -

 .

  

 .11 12 
  

6   
 2  .

 .
 10 

  20.21 .  
13 14 

 
  

 -
  

Fig. 11 Neking and breakup of jet in initial geometry 
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Fig. 12 Neking and breakup of jet in new geometry 
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Table 10 Compare the depth of penetration in new and basic 
geometry of charge 

  (cm)  
PE4 23.16  

HMX, PBX, PE4  27.84    

 
Fig. 13 decrease jet velocity by increasing the penetration depth 
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