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Introduction
To design our constructions the best inspira-
tion comes often from the nature itself. The
evolution has permitted some animals to be-
come very efficient, using as less as possible
energy with very high speed for instance. Dur-
ing the thesis a literature study was performed
to investigate the state of the art knowledge
about fish swimming and a study was done on
a static NACA0012 foil which gave satisfying
results compared to the literature. The final
study uses the NACA0012 foil to simulate the
motion of a subcarangiform swimmer in order
to observe the formation of reversed Karman
vortex street.

Method
Openfoam was used to investigate the fish-like
locomotion. The first stage was to simulate a
static NACA0012 foil in a free flow and cal-
culate the forces acting on the foil and com-
pare them to the literature in order to validate
the model in Openfoam. The method used in
Openfoam is overset grid, one grid works as
a background grid whereas a body-fitted grid
was made in ICEM for the foil. The final study
has the objective to make the foil heave and
pitch to imitate the swimming of a subcarangi-
form fish in order to find out which parame-
ters of swimming give reversed Karman vortex
street and thus thrust.

Conclusion
The simulation of a static NACA0012 foil has
shown good results with use of an overset grid
composed of two grids. A convergence study
was conducted to choose the best grid for the
simualtion of a fish-like motion. The final re-
sults are not yet availabe but the first test sim-
ulation of a subcarangiform motion seems to
show a Karman street vortex. The integra-
tion of the forces at the outlet should prove
if thrust or drag is created with these con-
ditions. Other simulations will be done to
find out which parameters give thrust or drag.
These investigations could be used for instance
for underwater robots using a fish-like locomo-
tion. Further work should also be done with a
flexible body in order to be as like as possible
a fish.
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Parameters for the fish-like motion
Parameters Value

ω 25 rad s−1

y0 0.75 m
ψ 1.57 rad
θ0 0.82 rad

Table 1: Parameters of a subcarangiform swimmer [3]
[1]

To make the foil imitate the motion of a subcarangiform fish the equation for the rigid body
motion with the foil is divided into an equation representing the heaving and an equation for the
pitch. [2] [1]
Heaving is described by

y(t) = yosin(ωt) (1)

Pitching is described by:

θ(t) = θ0sin(ωt+ ψ) (2)

ω represents the angular frequency here equal to 4, y0 the heaving amplitude, θ0 the amplitude
and ψ the phase lag between pitching and heaving.

Preliminary results
Figure 1 left shows the NACA0012 foil at AOA = 15◦ and Re = 1000 in Paraview after having
simulated it in Openfoam. The pressure coefficient was then plotted and compared against results
from [4] and Bardazzi, Lugni (personal communication). The Cp can be seen in figure 1 right.
The pressure coefficient corresponds well to the literature results.

Figure 1: Figure caption 1 (left); Figure caption 2 (right)

Figure 2: Vorticity

Figure 2 shows a snapshot of the simulation of the motion of the foil. The simulation is currently
still under analyzis but from figure 2 it seems that the motion produce a Karman vortex street
which means drag. To verify if the motion is producing thrust or drag, mass conservation can
be calculated using the following formula:

T = ρ

∫ b

a

u(y)(u(y)− U)dy[1] (3)

Where U represents the inlet velocity and u(y) the velocity along the outlet. Positive T means
thrust, negative means drag.


