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Abstract— Base cavity configuration is a useful choice to
reduce the base drag of projectiles. This paper focuses on the
influence of the cavity length on the projectile with base
cavity. Base cavity with different length, including terminal
one, are investigated numerically. The flow field parameters
(Mach number, stream line, temperature and pressure),
aerodynamic drag coefficient of the projectile with different
length base cavity under a supersonic flow condition is
obtained. Numerical results show that the recirculation
region which is formed inside the base cavity plays a pivotal
role for the reduction of the drag. With the increasing of the
cavity length, the aerodynamic drag of the projectile
reducing monotonously, even the length increases into a
terminal one. If others influencing factors (such as charge
mass, structural strength, etc.) are considered, a deeper base
cavity is benefit to reduce the aerodynamic drag of the
projectile and increase the range of fire.
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l. INTRODUCTION

Base cavity has been testified to be an effective
configuration to reduce the aerodynamic drag of the
projectile which flight under a supersonic velocity [1, 2].
Several investigations have been done in this field [3-6].

In this paper, with some others influencing factors are
ignored, such as charge mass, structural strength, etc, only
the influence of the length of the base cavity on the flow
field and aerodynamic drag of the projectile is paid
attention to.. Four kinds of base cavity shape with different
cavity length (10, 16, 20, 30cm) are supposed. Projectile
with the different length base cavity, even terminal ones,
are studied numerically, and the influence of the cavity
length is discussed.
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Il.  NUMERICAL METHOD

A. Governing equation and grid

An axisymmetric Navier-Stokes equation [7] with k-e
turbulence model [8] is used as governing equations. The
axisymmetric Navier-Stokes equation is given by
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where U is the conservation variable, F, G and H are the
inviscid terms, F,, G, and H, are the viscous terms.

The Van Leer splitting method [9] is used to
approximate the convective terms and the central
difference method is used for the viscous terms. The time
integration is solved by the LU-SSOR [10] scheme.

The two-dimensional axisymmetric boundary-fitted
grids for the projectile with base cavity (cavity length
L=16cm) are shown as Fig.1.

L

Figure 1. Grid of the simulation model (cavity length 16¢cm)

B. Boundary condition and numerical assumption

As shown in TABLE 1, the flow field of the projectile
is a supersonic one and the wall boundary condition is
assumed to a no-slip and adiabatic one.
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TABLE 1. BOUNDARY CONDITIONS
Free stream parameter Unit Value
Mach Number (Ma) 1.97
Pressure (p..) Pa 101325
Temperature (T,,) K 300

I1l.  RESULTS AND DISCUSSION

In order to discuss the influence of the length of the
base cavity on the aerodynamic drag, projectile with

different length (10, 16, 20, 30cm) base cavity is simulated.

Of cause, a projectile with base cavity length 30cm, it is
too large to insure the charge mass of the projectile. But in
this investigation, only the influence of the cavity length is
focused on. So, the paranormal projectile shape is
supposed.

A. Flow field
1) Mach number
In Fig.2-Fig. 5, the distributions of Ma (with

streamlines) are given. A classical bow shock is formed in
front of the projectile. At the back of the projectiles, there
is a recirculation region formed in the base cavity. With
the cavity length increasing, the recirculation region
become larger and enters into the projectile deeply.
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Figure 2. Ma (streamlines) distribution of projectile with base cavity
length 10cm
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Figure 3. Ma (streamlines) distribution of projectile with base cavity
length 16cm
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Figure 4. Ma (streamlines) distribution of projectile with base cavity
length 20cm

© 2015. The authors - Published by Atlantis Press

23

Mach
204
18216
178001
155
13
105
08
055
02
005

Figure 5. Ma (streamlines) distribution of projectile with base cavity
length 30cm

2) Temperiture

The distribution of the flow field temperature for the
projectile with different cavity length is shown in Fig. 6-
Fig. 9 There is a high temperature area behind the
projectile and the maximum of the temperature is appeared
in this region.
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Figure 6. Temperature distribution of projectile with base cavity length
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Figure 7. Temperature distribution of projectile with base cavity length
16cm
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Figure 8. Temperature distribution of projectile with base cavity length
20cm

T
511.942
480
460
430
400
370
340
210
296.28
270

Figure 9. Temperature distribution of projectile with base cavity length
30cm

3) Pressure

The distributions of the pressure of the projectile with
different cavity length are shown in Fig. 10-Fig. 13. As
shown in these figures, inside the cavity, the distribution of
the pressure of each projectile is similar. Because of the
recirculation region inside the base cavity, the back
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pressure of the projectile is increased, then, the
aerodynamic drag of the projectile is reduced.
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Figure 10. Pressure distribution of projectile with base cavity length
10cm
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Figure 11. Pressure distribution of projectile with base cavity length
16cm
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Figure 12. Pressure distribution of projectile with base cavity length
20cm
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Figure 13. Pressure distribution of projectile with base cavity length
30cm

The distribution of pressure with stream lines inside the
base cavity (length 30cm) is given un Fig. 14, which is
amplified from Fig. 13. There are two regional high
pressure areas along the base wall of the cavity. As stream
lines shown in Fig. 5, at these regional high pressure areas,
the stream lines are turning. When the back flow is turning,
the velocity of the flow reduces, then the recovery of the
pressure increase. In fact, there are two regional high
temperature areas at the same places too (Fig. 6-Fig. 9).
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Figure 14. Pressure and stream line distributions inside the cavity
(L=30cm)

B. Aerodynamic drag
The aerodynamic drag coefficient (Cg) is given by

1
Cd = Fd/(2 pmui : Sref ) (2)

where Fy is the aerodynamic resistance, p,, is the density
of the free stream, u,, is the velocity of the free stream, S,
is the reference area which is the cross section of
projectile.

The aerodynamic drag coefficients (Cy) of the
projectile with different length base cavity are shown in
TABLE 2. With the increasing of the cavity length, even
the length change into a paranormal level, the drag of the
projectile is still reducing. It is obvious that the
recirculation region plays a key role for the reduction of
the drag. With the length of the base cavity increasing, the
recirculation region become larger, near the base wall of
the cavity, the velocity of the circumfluence is decreasing
and the pressure is increasing, then, the base drag is
reduced.

TABLE I11. DRAG COEFFICIENT (Cy)
Cavity length (cm) 10 16 20 30
Cd 0.3267 0.3192 0.3161 0.3107
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With the same front shape and the same flow
condition, the aerodynamic force of the projectiles is
decided by their back pressure. The pressure distribution
of each projectile along the base wall is given in Fig. 15.
As shown in Fig. 15, it is interesting that the pressure of
the regional high pressure which is located at the center of
the base wall, projectile with shorter cavity is larger than
the deeper one, but the pressure of the regional high
pressure which is located at the corner of the base wall,
their trend is just opposite.
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Figure 15. Pressure distribution along the base wall

IV. CONCLUSION

This paper focuses on the influence of the cavity length
on the projectile with base cavity. Projectile with different
length base cavity (including paranormal one) are
investigated numerically. The results show that with the
increasing of the cavity length, the aerodynamic drag of
the projectile reducing monotonously, even the length
increases into a terminal one. If others influencing factors
(such as charge mass, structural strength, etc.) are
considered, a longer base cavity is benefit to reduce the
aerodynamic drag of the projectile and increase the range
of fire.

The flow condition of the reflux near the cavity base
wall determines the back pressure of the projectile. The
size of the base cavity has a great effect on the
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recirculation region which is inside it. The recirculation
region plays a pivotal role for the reduction of the drag.
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