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Influence of Reynolds number on the comparative study of aerodynamic
performance between rotating cylinders and rotating airfoils

5ok . + .
Seung Hyun Jang"“'?, Eun Bi Seo*™!, and Min Yoon"'?

Abstract This study numerically analyzes the lift force and power consumption of a rotating cylinder
and a rotating airfoil, focusing on variations in diameter, rotation speed ratio, and inlet velocity. Three
inlet velocities (u) were selected as 1.767 m/s, 8.83 m/s, and 17.67 m/s, and the rotation speeds were
determined based on a rotation speed ratio of 0 to 3 at u = 1.767 nmv/s. The rotating cylinder generates
lift due to the Magnus effect but also produces significantly higher drag compared to the rotating
airfoil. When the surface area of the rotating cylinder is the same as that of the rotating airfoil, the
rotating cylinder requires approximately five times more operating power than the rotating airfoil.
Furthermore, the ratio of generated lift power to operating power is notably higher for the rotating
airfoil, indicating its superior aerodynamic efficiency. As the Reynolds number increases, these
differences become more pronounced. The rotating airfoil consistently requires less operating power
while generating sufficient lift across all velocities. These findings highlight that while the rotating
cylinder generates more lift, the rotating airfoil is more efficient in terms of power consumption and
energy usage.

Key Words : Computational fluid dynamics (4H7A1<12}), Rotating cylinder (3]% 2™t
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Fig. 1. Geometry of rotating airfoil

(a) (b)
Fig. 2. Mesh generation at (a) entire fluid domain
and (b) near airfoil.
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Table 1. The information of operating power and
generated power ratio of rotating cylinders and
rotating airfoils

Cylinder diameter [cm] Rotating
75 | 15 | 265 | 38 | airfoil
1.767 m/s| 0.0051 | 0.0084 | 0.0132 | 0.0178 | 0.0026
P [W]| 883 m/s | 0.020 | 0.033 | 0.048 | 0.062 | 0.0046
17.67m/s | 0.131 | 0.208 | 0.317 | 0.430 | 0.0420
1.767 m/s| 492 | 60.0 | 63.1 669 | 4263
Fu/P| 883 m/s | 107.1 | 2819 | 429.0 | 5133 | 705.3

17.67 m/s| 556.1 | 897.7 | 1155.2 | 1360.4 | 14386.3
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