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When it comes to maneuverability and efficiency, current ship designs pale in comparison to fish. Fish 
such as tuna are equipped with streamlined bodies that have substantially lower drag coefficients and 
better maneuverability than man-made vehicles, granting them the capability of long-distance migration. 
However, streamlined bodies have an aerodynamic center that is much further forward than their center of 
mass, making them unstable. For surface and underwater vehicles, larger rudders are deployed aft of the 
body to move the aerodynamic center back towards the center of mass and therefore ensure vehicle 
stability. While this does help increases the stability of the craft, it sacrifices maneuverability. A recent 
study on tuna by Pavlov et al. [1] reveals one of the ways that tuna are able to improve upon this tradeoff.  

The research shows a hydraulic actuation system that tuna and other members of the Scombridae family 
use to change the sweep angle of their dorsal fins by as much as 13 degrees during turns. By changing the 
sweep angle of their fins, tuna are able to adjust the effective location of their aerodynamic center. With 
an erected dorsal fin, tuna are able to keep a streamline body with high swimming efficiency and better 
body stability; then whilst turning, the folded dorsal fin helps the tuna gain better control of the body and 
turn more easily. Later professor Michael Triantafyllou’s comments [2] suggest that this type of system 
could be highly useful in the engineering of surface and underwater crafts.  

 
Fig. 1	The lymphatic hydraulic system in tuna that serves to erect and depress fins while making 
sharp turns could be used to improve maneuverability and stability of aquatic robotic vehicles. [2] 
Surface ocean vehicles can draw inspiration from tuna that either deploy morphing fins to alter their 
stability properties dynamically and achieve super-maneuverability, or retract them to maintain stability 
during cruising. Fin deploying craft could perform fast turns with a small turning radius while 
maintaining their upright position (less heeling angle). A systematic investigation of the location and 
shape of fins will be conducted and tests will demonstrate the super-maneuverability properties. 

 

In detail, the proposed research project intends to explore the effect that fin location, design and actuation 
has on the maneuverability of surface crafts. The effective plan unfolds in the following steps:  



1. Phase 1 – Towing tank experiments: different passive fin configurations equipped on a scale ship 
model will be tested in the tow tank to study the fin’s effect on the ship hydrodynamics. The 
passive fin models will be designed iteratively, beginning with a foil shaped fin with cross section 
NACA-0012, aspect ratio 3 and configured as pictured below. 

 
2. Phase 2 – Simulation model for Optimization: based on the result of the towing and 

maneuverability test, a semi-empirical model will be simulated by MATLAB for ship character 
prediction and later fin (size, shape and configuration) optimization. 

3. Phase 3 – Model ship open water testing: we would proceed to designing and building an 
actuated fin that is equipped on a self-propelled model boat and test this model in a larger pool 
comparing its maneuverability and stability performance attributes to a boat without the 
implemented system.  
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