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Study for the Thrust Force Prediction and Optimal
Operation on a Human-Powered Hydrofoil
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Abstract: A study was conducted on a human-powered hydrofoil that could move on the free water
surface. This movement can be achieved when the hydrofoil is operated with pitching and plunging
motion simultaneously. Hence, an investigation was conducted to find an appropriate thrust force and
operation frequency for various operating conditions. The SD7003 airfoil was adopted for the hydrofoil,
and the force on the hydrofoil was predicted using a computational analysis. The numerical algorithm was
validated using an experimental result in literature. The thrust force and buoyancy force were obtained by
the transient analysis. These forces were calculated to the periodic-averaged forces according to the
different operation frequency. In an operation condition of 190,000 Reynolds number, the fast movement
was obtained when the amplitude of angle of attack and Strouhal number were 5 degree and 0.6,

respectively. For reducing movement speed, the amplitude of angle of attack should be increased.
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Fig. 1 Picture of moving on the water surface by

operating an human-powered hydrofoil
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Fig. 4 Comparison of wu/U,., velocity contours

between experiment (Left) and computation
(Right) for pure plunging motion. (t/T=0,
1/4, 1/3, 5/12, 1/2, 3/4 consecutive from top)
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Fig. 5 Comparison of u/ U, velocity for pure

plunging motion at t/T=0.25 (x/c=0.4,
0.5, 0.7, 0.8 consecutive from left)
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Fig. 6 Comparison of u/U.,,
between experiment (Left) and computation
(Right) for pitching and plunging motion.
t/T=0, 1/4, 1/3, 5/12, 1/2, 3/4 consecutive
from top)
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Table 1 63 cases for numerical study

Parameter Values

Amplitude of angle of

3,5, 10, 14, 18, 26. 30
attack (6 cases)

0.068, 0.082, 0.102,

Strouhal number 0.122, 0.153, 0.204,

(9 cases)

0.306, 0.489. 0.815

Fig. 9& w5719
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