Cist=Msts|=2 %! Research Paper

Journal of the Society of Naval Architects of Korea

o

elSSN:2287-7355, Vol. 60, No. 5, pp. 351-357, October 2023
https://doi.org/10.3744/SNAK.2023.60.5,351

St = Helof| IHE 0fa

Experimental Study on the Effects of Surface Shape and Roughness on

the Magnus Effect of Rotor Sails

Young—Jin Kim-Jae—Yeun Hwang - Byoung—Kwon Ahn'

Department of Autonomous Vehicle System Engineering, Chungnam National University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)

which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In this study, we devised methods to enhance the efficiency of rotor sails which have been applied as one of the energy saving

devices of ships, The idea of the study originated from the notion that installing protrusions or increasing the surface roughness

on the smooth surface of the rotor sail could delay the separation of the incoming wind flow and consequently increase the lift

force, Five cylinder models were considered and tested in an open—type wind tunnel at Chungnam National University. A smooth

surface cylinder exhibits the highest lift—to—drag ratio at a specific Reynolds number, and as the Reynolds number increases this

value decreases sharply, The variation in this typical Magnus force can be significantly improved by altering the surface shape

and roughness of the rotor sail, It has been observed that increasing the surface roughness improves the lift characteristics,

resulting in increased efficiency, Furthermore, it revealed that

the reverse Magnus effect which may occur during actual

operation in the low spin ratio region can be significantly enhanced,
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Fxlolct 2E| MY Ci2 ESDef= B Mx|7| AltjMoz
10 H|Z0| &7 S0 ZoHo= AHH|E 5~10 WK EAAIZ
= U= Aoz HED 9ot (Anemoi Marine, 2015). S
AX|L{0{Q] Anton Flettner7} 1922 Ol2FA &2E &=

Flettner 2E{, & $ixie| 2E{ MY AR 71 HA 7ifeksigiD,
19244 Buckau=oll =0| 15 m, &d 3 me| ZE M 27HE X
oI%1Ct o= =20 2H MYS M6 Mulo|ien J|E B
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onf, 3 37|9| 7|& sEMol| sl Bt 25 %2 TA HEH
Z- 2P 2SS E0sICt (Enercon wind company, 2013).
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Fig. 1 Separation point and Magnus force
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CNU-WindTunnel Specification

Max. Wind Speed 35.0m/s

Pressure(abs) 64.64Pa ~ 748.29Pa
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Fig. 2 CNU Wind Tunnel
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Fig. 3 Test models
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Fig. 4 Schematic view of the test-setup
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Table 1 Test conditions

Flow speed [m/s] 5~30
Model RPM [RPM] 2,500
Spin Ratio 0.35 ~ 2.10

Reynolds number 2.7 x 10" ~ 1.6 x 10°
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