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NUMERICAL SIMULATION OF A FALLING SPHERE IN AIR
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In order to predict the flying behavior of debris through wind by numerical simulation, a
fluid-structure interaction method is developed. The main idea behind the present method is
that the domain of the flow simulation is deployed over a limited area around the flying body
which is wide enough to evaluate the aerodynamic forces, and the computational domain
moves with the flying body. The numerical flow simulation method employed in the present
study is the finite element method based on the variational multi-scale method [1]. The ALE
method is applied to handle the moving mesh. The coupling procedure is a kind of partially
coupled staggered scheme [2]. In order to examine the fundamental feature of the present
method, the present numerical method is applied to the problem of free fall of a sphere in the
still air as well as in a uniform lateral flow.

In the problem of a falling sphere in the still air, it is
expected that, when the upward drag force and the

]

gravitational force are balanced, the falling velocity z of P = *
the sphere will reach the terminal velocity z; = LT i
\% /gD where Cj, is the drag coefficient of the sphere :; ::55
and B = p,/p, is the ratio of the sphere density p,, to the T f __:f;
air density p,. The ratio g is two in the following KA 8D
computation. <i§ _ L
Figure 1 shows the finite element mesh which consists of Bicii kg
4122 hexahedral elements. The slip condition is specified pr L]
on the four vertical boundaries. The top and the bottom 2 iilsg
horizontal boundaries are the traction free boundaries, and - SR
the sphere surface is the no-slip boundary. The vertical ) 4D

4D >

component of all the nodal mesh velocity is set to the
vertical velocity z of the sphere.

Figure 2 shows two cases of the computed history of the Fig. 1 Finite element mesh.
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Fig.2 Computed nondimensional falling
velocity of the sphere.

Table 1 Computed characteristic values

Jab | .. Cp
cmis) | 7T Co ke x Ta*

313 | 1.36 | 1.44 58.2 0.995

443 | 153 | 112 93.1 0.991

falling velocity, where 2*=2/,/gD and

t* =t/\/D/g are the non-dimensional falling
velocity and the non-dimensional time,

respectively. In both cases, the falling velocity of the sphere reaches the terminal velocity.
The characteristic values of these two cases of computation are summarized in Table 1. The
computed drag coefficients Cp, at the terminal velocity are close to tha values in literature [3].
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Fig.3 A falling sphere in a uniform flow: the
trajectory and the computed flows at
the three indicated locations.

Ta* = 3z2/4BgD is a modified Tachikawa
number [4] and Cp X Ta* should be 1
theoretically when the sphere is falling at
the terminal velocity.

Figure 3 shows the case of a falling sphere
in a uniform lateral flow from the right to
the left. In this computation, the
computational domain is dynamically tilted
in the direction of the relative velocity to
the sphere. The computed trajectory shows
a down wind motion of the sphere.
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