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Fig. 1.  The robot 
 
The robot is a fin actuated biomimetic robot presented in 
Fig. 1. It is actuated by a tail fin and two side fins,   
equipped with a color camera and sonars, compressed air 
supply and air chambers to change the buoyancy. It is 
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at by dividing the body to 
polygons. The model is corrected by hand in order to assure 
that there are no holes and gaps between the polygons.  
The model of the dolphin and manta ray  are retrieved from 
[4]. The Blender models are converted to stereolitography 
format and corrected by creating a new mesh with a 
polymender tool to compensate inaccuracies caused by 
conversions. Then the files are converted to gts format. The 
cone is created with Blender and saved to stl format. The 
resulting Bender CAD models of the objects are depicted in 
Fig. 2. 
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Fig. 2. The Blender models of the bod
 
As water flows around an object, the uni
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cal vorticity and vector
is a local infinitesimally small surface area with the direction 
of normal to the surface. 
For comparability, all models are scaled down to the same 
length. .  Table I describes the measures of the bodies. 
The water velocity of the simulations is set to 0,5 m/s,  water 
viscosity is set to 1, temperature is 20 degrees Celsius.  
In addition, we also measure the velocity and pressure in the 
area right ahead and behind the body to find out if there are 
any changes and differences in these parameters. 
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Max length 0, 0,2 0,2 2 0,2 
Max width 0,112 0,21 0,08 0,112 
Max thickness 0,112 0,04 0,07 0,03 
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This section represents the experimental results. The cone 
was chosen as an object with poor hydrodynamic properties. 
This object is used as a reference to compare the simulation 
data. Fig. 4 shows the 3D simulation of the cone. As 
mentioned above, for his object, the largest vortices are 
created quite far from the axis of symmetry. 
Fig. 5 shows the pressure change of the cone in four points 
with the given coordinates. Fig. 6 shows the velocity 
circulation of the cone calculated over a rectangular 
trajectory behind the object defined by coordinates in Fig. 3 

ated by the cone varies 
heavily over time. This is the reason of the large variance of 
the velocity. 
 
 

Fig. 3. The object, mesh of the velocity fiel
coordinates of the points used for calculations. 
 
The cone is chosen for modeling as an object cr
vorticities. It can be used as a reference to co
characteristics of the robot to a non-streamlined
actual value of the circulation depends on 
contour in (1). We tried to choose as similar 
possible for all the objects. Since the co
turbulences larger at the sides and behind of the
less turbulence straight behind, we have d

e creates 
bject, and o
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circulation to be measured between the points sh
3 (the rectangular area behind the object determ
given coordinates). 
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is chosen to be mod

paring thos
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further improved and guidelines for doing it. 
Other parameters we use for comparison are t
and the pressure difference in the front and beh
object. For these measurements, we use only points 

and three shown in Fig. 3, one in the front of the objec
points behind the object.  

IV. RESULTS 

 

It can be seen that the circulation cre

Fig. 4. The 4D simulation of the cone.  
 

Fig. 5 The pressure measurements of the cone. 
 

Fig. 6. The velocity changes around the cone 
 
Figures 7-9 show the same simulation data for the model of 
a dolphin and Figures 10-12 for the manta ray. 



 
 

 

 
Fig. 7 3D simulation of a dolphin 
 

 
Fig. 8.  Dolphin pressure changes 
 

 

 
Fig. 10. 3D simulation of a manta ray 
 

 
Fig. 11. Manta ray pressure changes 
 

 Fig. 9 Dolphin circulation 
 Fig. 12. Manta ray circulation 

 
 
 
 
 



 
 

 
Fig. 13 3D simulation of the robot  
 

 
Fig. 14 Robot pressure changes 
 

 
Fig. 15. Robot circulation 
 
The same simulation data for the robot is represented in Fig. 
13-15.  
The difference with the previous objects is that the pressure 
in front of the robot and behind of the robot now differs, 
being slightly less in front of the robot. It has been 
investigated and demonstrated experimentally that fish are 
passively moving forward against its own drag, being able 
to extract additional energy from the environment [10]. As 

ucted with dead fish, it 
ely due to their motion 
 shape. The pressure 
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slightly increasing the 
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mming more efficient.   
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cone (the sign here shows the 

rection of circul he absolute value shows the 
amount of ci ation). At the same time, the manta ray is 
creating slig ess circulation than the robot. 
 

TABLE II 
NUMERICAL VALUES OF CIRCULATIONS 

Circulation 

the experiments have also been cond
suggests that the effect occurs not sol
patterns but also due to their body
difference (with the pressure being
robot) might indicate that due to the s
Bernoulli force could act on the body, 
drag. The force is created which
upstream drag, thus making the swi
Although, Bernoulli equation is appl
and steady flow, we can still get so
force, because most of the flow of
robot is quite steady. The dolp
simulations, however, do not revile 
taking place. Apparently the shape o
widest at the middle, does not c
necessary for creating Bernoulli force.
Table II summarizes the numeric
circulations. It shows th
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Model 

Cone -5,358 
Dolphin -1,439 
Robot -0,886 
Manta ray -0,810 
 

V. CONCLUSION 
CFD simulations of an 
 robot. The velocity 

, is less that of a 
uch less than of a non-streamline object 

ghtly larger than of a 
s also shown to create 
e manta ray and the 

tion results give us confidence that the 
good hydrodynamic 

e to the robot in terms 
of the topology of the body and their circulation values 
differ by less than 10%.  

Manta ray has evolved from the bottom dwelling flat 
fish.  It has apparently developed to create possibly little 
turbulence to hide and stay unnoticed near the bottom 
covered with silt. For example, it creates much less 
turbulence than the dolphin that is developed for swimming 
in mid-waters and near the surface.  

The design of the robot can apparently be approved 
somewhat further by changing the configuration of the tail 
and the side fins closer to the manta ray. However, we 

This paper presents comparative 
ideal cone, fish and a biomimetic
circulation of the water, caused by the robot
dolphin and m
chosen for a reference, although sli
manta ray. The model of the robot i
Bernoulli force while the cone, th
dolphin do not create such an effect.  
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properties. The manta ray is very clos
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next immediate goal is to compare the simulatio
the experimental results of the real robot. 

The impact of the Bernoulli force to the swim
efficiency needs to be investigated further befo
conclusions about the significance of this effect. Al
there is evidence suggesting that some fish seem
from such a phenomenon, it was not found at sim
neither the manta ray nor the dolphin. It is poss
impact can be either beneficial of disad
depending on the locomotion style of the fish. 
This study shows that the hydrodynamic prope
robot are good when we compare the circulat
around steady objects in a steady flow. Ho
turbulence also depends on the loc

her goal is to
patterns, both in simulations and in pool tests.
wimming styles of the fish and the robo
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