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Performance Analysis and Experimental Study on
2-Degree-of-Freedom Oscillating Hydrofoil Propulsion

XU Jian’an, KONG Dehui, GAO Xin
(College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to study the bionic hydrofoil propulsion performance, a 2-degree-of-freedom oscillating hydrofoil
propulsion device is designed. The lift force propulsion mode and the drag force propulsion mode are realized. An experiment
platform of oscillating hydrofoil propulsion performance is built and a series of experiments are performed with different
parameters coupling in the circulating water tunnel. In order to analyze the influence of different parameters on the propulsion
performance, thrust and lift forces generated by oscillating hydrofoil are measured with a 6-axis force sensor, and compared
with numerical simulation results. Experimental results show that the average thrust can be raised by increasing the heaving
amplitude and oscillating frequency under the lift force propulsion mode. With the increase of pitching amplitude, the average
thrust increases at first and then decreases. With the increase of oncoming flow speed, the average thrust decreases. Under
the drag propulsion mode, the average thrust can be raised by increasing the heaving amplitude or oscillating frequency.
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Fig.1 Description of oscillating hydrofoil motion in lift force
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Fig.2 Description of oscillating hydrofoil motion in drag force
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Fig.3 Angle of attack at a span location
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Fig.4 3-dimensional model of the propulsion device

N INR G K Big s = AL HE ) TH AT
71, FEYRG K RAE R B [ e AR 1) 223545 6 il
TEIEES, SCBRG K RISEI IHES) . T A
Ty SIS

4 PSHKBEHEHMELETH (Numerical
analysis on the oscillating hydrofoil pro-
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Fig.5 Model establishment and mesh generation
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oscillating hydrofoil propulsion)
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Fig.6 Experiment on oscillating hydrofoil propulsion
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Fig.7 Maximum thrust/lift forces with flow speed changing
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Fig.8 Relation between mean thrust/lift forces and flow speed
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