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Flow Analysis near Shell Warhead
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ABSTRACT

The maximum speed and pressure distribution close to a warhead are altered based on the warhead shape,
thereby resulting in changes to the flight distance and the destructive power. In this study, flow analysis was
carried out based on the warhead shell shape. The maximum flow rate was detected at the side of shell, with
a lower flow rate being found at the rear of the shell. In addition, the maximum pressure was detected at
the warhead. It was also found that the reduction in the flow rate between the rear and the side of the shell
in model A was smaller than that in model B. The obtained results are expected to be useful in the future
design of shell warhead shape.
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1. Introduction

On the 21'st century, there are many weapons in
war. Of these weapons, many studies have been
conducted on artillery. Most of the studies on
artillery have been done with a lot of researches on
the amount of explosive and the accurate calculation
of the flight distance based on the amount of
chemicals or the gun barrel. But there are few
studies on the flow analysis due to the shape of the

warhead of shell. The maximum speed and the
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pressure distribution near the warhead are changed
by depending on the warhead shape. The flight
distance and the destructive power can be changed
due to the shape. For this reason, in this study, the
maximum flow rate and the pressure distribution!'®

near the warhead by shape of shell were

investigated by carrying out the flow analysis'""'".
The results of this study are thought to be useful at

designing the warhead shape of shell.
2. Configuration of Study Model

In this study, the warhead shapes of the shell in
were designed by using CATIA program as shown
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(a) Model A

(b) Model B
Fig. 1 Configuration of warhead model at shell

Table 1 Numbers of nodes and elements of warhead
model at shell

Model Nodes Elements
Model A 8120 43222
Model B 34804 189906

Fig. 1. Table 1 shows the numbers of nodes and
elements of the shell by shape.

3. Condition of Flow Analysis

In this study, the analysis program of ANSYS
was utilized in order to carry out the flow analysis
due to the warhead shape of artillery shell. The
flow field models of models 1 and 2 were made
for the flow analysis as shown by Fig. 2. Fig. 3
shows the analysis conditions used in this study.
The flow speed of 500 km/h was applied to the
inlet. The outlet is applied as the pressure of 1 Pa.

(a) Model A

(b) Model B
Fig. 2 Flow field model due to warhead model

No slip condition was assigned to all other parts. In
addition, the atmosphere used in the analysis had
the property at 25°C as the general air.

4. Analysis Result

As shown by Fig. 4, the contours of flow rates
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(a) Inlet condition -500 Km/h

(b) Outlet condition -1 Pa
Fig. 3 Condition of flow analysis

by model around the shell were compared according
to the warhead shape of shell. It was shown that
the maximum flow rates at models A and B were
shown to be 158576 m/s and 220.344 m/s,
respectively. Fig. 5 shows the contours of flow rates
near the tail of shell according to shell shape. It
was shown that the maximum flow rates near the

Velocity
Streamline 1

158.576

119.741

80.906

42,072

3.237
[m s™1]

(a) Model A

Veloci
Stream%e 1

220.344
165.518
110.692
55.866

1.040
[m s*1]

(b) Model B
Fig. 4 Contours of flow rates around the shell

tail of shell at models A and B were shown to be
157.779 m/s and 212.593 m/s, respectively. In case
of two models A and B, the maximum flow rates
were shown near the side of the shell. So, the flow
rate near the rear of shell was decreased than the
side. The reduction of flow rate between the
vicinities of rear and side of shell at model A was
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Velocity
Contour 2
157.779
149.013
+140.248

(a) Model A

Velocity

Contour 2
212593
200.782
188.971
177.161
165.350
1563.539
141.728

(b) Model B
Fig. 5 Contours of flow rates near the tail of shell

smaller than model B.

Fig. 6 shows the contours of pressure distributions
around the shell by comparing with models A and
B.

It was shown that the maximum pressures at
models A and B were shown to be 12778.821 Pa
and 14883.301 Pa, respectively. In case of two models

Pressure
Contour 3

12778.821
11620.897
10462976
9305.054
8147.131
6989.209
5831.286
4673.364
3515.441
2357.520
1199.597

1
-1116.248
-2274170
-3432.093
-4590.015
-5747.938
-6905.860
-8063.782

[Pa]

(a) Model A

Pressure

Contour 3
14883.301
12647.398
10411.500

-16419.289
-18655.189
-20891.088
-23126.988
-25362.887

[Pa]

(b) Model B
Fig. 6 Contours of pressure distributions around the
shell

A and B, the maximum pressures were equally
shown at the warhead of shell. Fig. 7 shows the
contours of pressure distributions near the tail of
shell according to the shape of shell by comparing
with models A and B. It was shown that the
maximum pressures near the tail of shell at models
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Pressure
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12778.821

11620.897

- 10462.976
3 5

(a) Model A

Pressure

Contour 4
14883.301
12647.398
10411.500

-16419.289
-18655.189
-20891.088
-23126.988
-25362.887

[Pa]

(b) Model B
Fig. 7 Contours of pressure distributions near the
tail of shell

A and B were shown to be 12778.821 Pa and
14883.301 Pa, respectively. It was shown that the
maximum pressure near the tail of shell at model B
became higher than model A. The warhead model A
of the shell is expected to maintain the flow
performance better than model B.

5. Conclusion

In this study, the flow analysis by the shape shell
of models A and B was carried out. The study

result is summarized as follows;

1. The contours of flow rates by model around the
shell were compared according to the warhead
shape of shell. The contours of flow rates near
the tail of shell by the shape of shell were also
compared with each other. In case of two models
A and B, the maximum flow rates were shown
near the side of the shell. So, the flow rate near
the rear of shell was decreased than the side.
The reduction of flow rate between the vicinities
of rear and side of shell at model A was smaller
than model B.

2. The contours of pressure distributions around the

shell were compared with models A and B. In
case of two models A and B, the maximum
pressures were equally shown at the warhead of
shell. The contours of pressure distributions near
the tail of shell by the shape of shell were
compared with models A and B. It was shown
that the maximum pressure near the tail of shell
at model B became higher than model A.

3. The warhead model A of the shell is expected to

maintain the flow performance better than model
B. The results of this study are thought to be
useful at designing the warhead shape of shell.
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