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Abstract. In order to discuss the influence of the base cavity diameter on the flow field of the 

projectile, projectile with different diameter base cavity (118mm, 116mm, 114mm, 112mm, 110mm)  

is simulated. Flow field parameters and the aerodynamic drag coefficient of projectiles were obtained.  

The numerical results show that the projectile with smaller diameter base cavity has the smaller 

aerodynamic drag, but the difference is in apparent. The flow field of projectile with different 

diameter base cavity is similar, too.  

Introduction 

Upon the same condition, the range of fire for projectile with base cavity is farther than the projectile 

without base cavity 3~5% [1]. Using base cavity configuration has been proved to be an effective 

method to increase the range of the gun by reducing the aerodynamic drag of the projectile[2-8]. 

In the present study, projectile with five kinds of different diameter base cavity is investigated 

numerically. The influence of the different diameter on the flow field and aerodynamic drag of the 

projectile is discussed. 

Numerical Method and Simulation Cases Setting 

Governing Equation The axisymmetric Navier-Stokes equation [9] and the k-ε turbulence model [10] 

are used in the simulation. The N-S equation is given by 
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where U is the conservation variable, F, G and H are the inviscid terms, Fv, Gv and Hv are the viscous 

terms.  

The convective terms are approximated using the Van Leer [11] splitting method and the central 

difference method is used for the viscous terms. The LU-SSOR scheme is used for the time 

integration. 

Calculating Cases. As shown in Figure 1, the sketch map of the projectile with base cavity is 

given. In order to discuss the effect of the diameter of the base cavity on the flow field, projectiles with 

five different diameter (as shown in Table 1) base cavities are simulated in the paper. 

 

Figure 1.  Schematic of the projectile 

Table 1  Simulation cases 

Cases 1 2 3 4 5 

Diameter [mm] 118 116 114 112 110 
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Grid and Boundary Conditions. As shown in Fig. 2, the body-fitted grid of the projectile with 

base cavity (case 4) is given. 

 
 

  

Figure 2.  Grid of the simulation model (case 4) 

The wall boundary condition is assumed to no-slip and adiabatic. The flow conditions are shown in 

Table 2. 

 

Table 2  Boundary conditions 

Free stream parameter Unit Value 

Mach Number (Ma) ---- 1.97 

Pressure (p∞) Pa 101325 

Temperature (T∞) K 300 

Results and Discussion 

Flow Field. The distributions of Ma contours and streamlines of the projectile with different diameter 

base cavity are shown in Fig. 3-Fig. 7. As show, the distributions of Ma contours and streamlines of 

projectiles are all similar. There is a classical detached bow shock wave formed in front of the 

projectile. At the bottom of the projectile, there is a fierce expansion wave and a large recirculation 

region is formed in the base cavity. With the reducing of the diameter of the base cavity, the thickness 

of the side wall of the cavity is increasing, the little circumfluence backside the side wall of the cavity 

become obvious. Fig. 8 shows the enlarged image of rear flow of projectile (Case 3). There is an 

obvious circumfluence backside the side wall. 

 

  

Figure 3.  Ma (streamline) distribution of Case 1 Figure 4.  Ma (streamline) distribution of Case 2 

  

Figure 5.  Ma (streamline) distribution of Case 3 Figure 6.  Ma (streamline) distribution of Case 4 
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Figure 7.  Ma (streamline) distribution of Case 5 Figure 8.  Enlarged image of rear flow (Case 3) 

The distribution of temperature and pressure of cases is similar too. As shown in Fig. 7, the 

distribution of temperature is given (Case 1 as example). The temperature maximum is located in the 

high temperature area which is formed inside the base cavity. The distribution of pressure is given 

(Case 5 as example) in Fig. 10. The pressure maximum is located at the stagnation point. 

  

Figure 9.  Temperature distribution (Case 1) Figure 10.  Pressure distribution (Case 5) 

Aerodynamic Drag. The aerodynamic drag is one of the main parameter effective on the range of fire.   

The drag coefficient (Cd) of the projectile is given by: 

21
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where Fd is the aerodynamic drug, Sref is the reference area (the cross section of the projectile, 

diameter 122mm) . 

As shown in Table 3, the aerodynamic drag coefficient of each case is given. With the reducing of 

the diameter of the base cavity, Case 1 to Case 5, the aerodynamic drag coefficient is reducing, too. 

And this amplitude of variation is no big.  

 

Table 3  Aerodynamic drag coefficient of each case 

Case 1 2 3 4 5 

Drag coefficient (Cd) 0.3347 0.3267 0.3215 0.3178 0.3152 

Conclusions 

Projectile with the different base cavity diameter (118 mm, 116 mm, 114 mm, 112 mm and 110mm) 

was investigated numerically. The distribution of the flow field and the aerodynamic drag force of the 

projectile under a supersonic flow condition were obtained. The effect of the base cavity diameter on 

the projectile flow field and the aerodynamic force was discussed. 

The flow field of the projectile has less affected by the value of the diameter of the base cavity. 

The projectile with smaller diameter base cavity has the smaller aerodynamic drag. And this 

amplitude of variation is small, too. 
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A smaller diameter base cavity is benefit to reduce the aerodynamic drag. But when the diameter of 

base cavity is smaller, the side wall of the base cavity becomes thicker. The mass of the projectile will 

be heavier obviously, this make against the increasing of the range of fire. So, the choice of the 

diameter of the base cavity for the projectile, which purpose to increase the range of fire, has to 

consider both the two factors, aerodynamic drag and  the mass, comprehensively at least.  
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