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ABSTRACT 
When the blade of a horizontal-axis wind turbine 

is replaced with a circular cylinder and a ring plate is 
installed downstream, a necklace vortex forms at 
their intersection. As the cylinder rotates, this vortex 
remains stationary on the opposite side of its motion, 
generating lift and driving the turbine. This is known 
as a necklace vortex-driven cylinder-blade wind 
turbine. Developed by the authors, this turbine 
rotates at less than 1/20th of the peripheral speed of 
conventional blade-type turbines while generating 
over ten times the torque. Its low speed eliminates 
noise and vibration, and the soft-material cylinder 
blades enhance safety, making it suitable for 
installation near human living spaces. The turbine 
consists of a single cylinder as the blade and a ring 
plate positioned in its wake. Key design parameters 
include the cylinder’s diameter and length, the ring 
plate’s diameter and radial width, and their spacing. 
This presentation examines how these factors 
influence power characteristics. 

Keywords: cylindrical blade, horizontal axis wind 
turbine, necklace vortex, vertical vortex 

NOMENCLATURE  
CP [-] power coefficient 
d [mm] diameter of cylinder blade 
D [mm] diameter of ring plate 
FL [N] lift force on cylinder blades 
L [mm] length of cylinder blade 
n [rpm] rotational speed of blades 
N [-] number of blades 
s [mm] gap between blade and ring plate 
T [Nm] Torque acting on rotating shaft 
U [m/s] wind velocity 
W [mm] width of ring plate 
 
Subscripts and Superscripts 
max maximum value a series of measurements 

1. INTRODUCTION 
When a cylindrical bluff body is placed in a 

uniform flow, periodic shedding of Kármán vortices 
from both sides generates fluctuating lift forces. If 
the shedding frequency matches the natural 
frequency of the structure, resonance can occur, 
leading to large-amplitude oscillations that may 
damage the structure. To suppress such wake 
instabilities and vortex shedding, Rashidi et al. [1] 
systematically reviewed existing control strategies 

Figure 1.  Longitudinal vortices at cross-section of 
cruciform system with cylinder and flat plate. 

Figure 2.  Mechanism of lift force generation 
by Necklace vortex. 
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and classified them into two categories: active 
control and passive control. Active control involves 
manipulating the flow using external energy, while 
passive control modifies the flow without external 
input by changing the geometry of the body or 
attaching devices such as splitter plates[2-5]. Passive 
control is generally simpler in structure and easier to 
implement, making it more practical for engineering 
applications [6]. 

Our group has developed a passive control 
method to suppress Kármán vortex-induced 
excitation by placing a secondary circular cylinder 
downstream in a cruciform arrangement [7,8]. 
Experiments revealed that this configuration not only 
reduces oscillation amplitude but can also induce 
vibrations in the upstream cylinder. Two types of 
longitudinal vortices—trailing vortex (TV) and 
necklace vortex (NV)—were observed near the 
intersection, depending on the gap ratio (s/d). Kato et 
al. [9] later replaced the downstream cylinder with a 
strip plate, which proved more effective in enhancing 
resonant vibrations. This concept was further applied 
to develop a micro power generator utilizing 
longitudinal vortex-induced vibration (LVIV) [10]. 

Longitudinal vortices, with their rotational axis 
aligned with the flow direction, are periodically 
generated in the cylinder-plate system shown in 
Figure 1, which consists of a crossed arrangement 
with a prescribed gap in uniform flow. As shown in 
Figure 2, when the cylinder moves parallel to the 
plate, a relative angle of attack is introduced, 
disrupting the periodicity of the necklace vortex and 
localizing it on the opposite side of the cylinder’s 
motion. At this point, a steady lift force acts on the 
cylinder due to the reaction force of the suction flow 
at the front of the cylinder, induced by the necklace 
vortex [11]. 

The longitudinal vortex-driven cylindrical blade 
wind turbine is a novel wind turbine concept in 

which a rotating shaft is attached to the cylinder as a 
blade, driven by the necklace vortex flowing through 
the gap between the ring plate and the trailing edge 
of the cylinder [12]. However, the effects of this 
phenomenon have not been fully considered in 
practical wind turbine systems (Figure 3). Sakamoto 
et al. demonstrated that varying the ring plate width 
W for a given cylindrical blade diameter d influences 
performance and that an optimal face width ratio 
exists [13]. 

Therefore, this study aims to clarify the effect of 
curved flats on performance characteristics and 
propose a method for predicting wind turbine 
performance based on geometric parameters. 

2. EXPERIMENTAL APPARATUS AND 
METHODS 

Figure 4 shows the experimental apparatus and 
each parameter. The apparatus was set up in a wind 
tunnel with a test section of 320 mm × 320 mm × 
1000 mm. The center diameter D of the ring plate 
was varied for different combinations of the 
cylindrical blade diameter d and the ring plate width 
W, while maintaining a constant wind velocity U. 

Figure 4.  Schematic of wind turbine device and each parameter. 

d 10~50mm 
W 10~80mm 
D 60~250mm 
s 4~21mm 
L 220, 280mm 
U 10m/s 

FIGURE 3.  DIFFERENCE DUE TO THE CURVATURE 
GIVEN TO THE FLAT PLATE. 
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Figure 5. Effect of ring plate diameter D on 
the measured torque and lift per blade. 
(d=10mm, W=10mm, s=4mm, L=280mm, 
N=6, U=10m/s) 

(c) Center diameter of the ring-plate 
vs. Maximum lift force 

(a) Rotational speed vs. Torque 
 

(b) Center diameter of the ring-plate 
vs. Maximum torque 

 

Figure 6.  Relationship between the ring plate 
diameter and the maximum lift force for various 
cylinder blade diameters and ring plate widths 
(L=280mm, s=4-7mm, U=10m/s, N=2-6). 
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Figure 7. Effect of Effective Area of Blade dW on 
Maximum Power Coefficient (d=10-40mm, 
W=10-60mm, D=155 mm, L=220 mm, s=4-15 
mm, N=2, U=10m/s). 

(a) Results for all d and W 

(b) Results restricted to 1 ≤ W/d ≤ 2 
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A load was applied to the wind turbine's rotating 
shaft using an electromagnetic brake (HB0.5, 
OGURA CLUTCH Co., Ltd.). The torque T and 
rotational speed n were measured with a torque meter 
(UTMII-0.2Nm, Unipulse Co., Ltd.). 

 

3. RESULTS AND DISCUSSION 

3.1. Measured toque and evaluated lift 
force per blade 

As shown in Figure 5(a), the torque of this wind 
turbine increases linearly as the rotational speed 
decreases when a load is applied to the rotating shaft 
under a constant mainstream wind speed. Therefore, 
this torque curve was extrapolated using a linear 
approximation, and the maximum torque Tmax was 
defined as the value obtained when the rotational 
speed reaches zero. Figure 5(b) illustrates the 
relationship between the diameter D of the ring plate 
and Tmax, while Figure 5(c) presents the relationship 
between the maximum steady lift force per blade FL 

max /N and D, which was obtained by dividing Tmax by 
D. Figure 5(c) indicates that FL max /N is nearly 
independent of D under these conditions. 

This suggests that when the cylindrical blade's 
diameter d and ring width W are sufficiently small, 
the difference in radius of curvature or 
circumferential velocity between the inner and outer 
regions of the ring does not affect the lift, even as the 
ring diameter D decreases. Additionally, the effect of 
the vortex generated at the wingtip remains minimal, 
even if D increases and approaches the wingtip. 

Figure 6 shows the maximum steady lift per 
blade, FL max /N, when D is varied for an arbitrary 
combination of d and W. For the d = 10 mm, W = 10 
mm combination shown in Figure 5(c), FL max /N 
remained approximately constant regardless of 
changes in D. However, for the d = 10 mm, W = 15–
20 mm combinations, a decrease in FL max /N was 
observed for both large and small values of D. When 
D is small, the difference in circumferential velocity 
between the inner and outer diameters of the ring 
becomes relatively large. Additionally, as D 
decreases, the size of the hub that supports the 
rotating shaft and blades remains unchanged, 
increasing the ratio of flow obstruction to the inner 
opening area of the ring. These factors contribute to 
the decrease in FL max /N in the small D region. 

3.2. Effective area of blade relative to lift 
In a cylindrical-blade wind turbine driven by a 

necklace vortex, the lift force is concentrated near the 
intersection of the blade and the ring plate. 
Increasing the blade diameter d and ring width W 
expands the area over which the lift force acts, 
leading to a corresponding increase in lift. To   
quantify this effect, dW is introduced as a new 
parameter representing the lift-affected area. 

Figure 7(a) shows the maximum power 
coefficient per blade for various combinations of 
blade diameter d (10 mm to 40 mm) and ring width 
W (10 mm to 60 mm), obtained by measuring power 
characteristics. The proportionality to dW does not 
hold due to performance-interfering phenomena 
affecting the wind turbine. 

Figure 8. Map illustrating the shape factors required for a viable cylindrical-blade 
wind turbine. 

! > 1 $⁄ $& + $

! ≦ − 1 $⁄ $& + *

feasible

W =10 mm
D =240 mm

W =10 mm
D =60 mm

W =100 mm
D =155 mm

not feasible

W =50 mm
D =260 mm

W =160 mm
D =155 mm

W =50 mm
D =40 mm



5 
 

Copyright© Department of Fluid Mechanics, Budapest University of Technology and Economics and the Authors 

Figure 7(b) plots a subset of results from Figure 
7(a), including only cases where the normalized ring 
width W/d is between 1 and 2. In this range, the 
proportional relationship between the power 
coefficient and dW is maintained across a wide range. 
This suggests that designing wind turbines within 
1≤W/d≤2 can help suppress performance-
deteriorating effects. 

3.3. Conditions for shape factor to be 
valid as a wind turbine 

A cylindrical-blade wind turbine has four shape 
factors: blade diameter d, blade length L, diameter of 
ring center D, and ring width W. These factors are 
not entirely independent, and two constraints must be 
satisfied to ensure the formation of a necklace vortex 
and the generation of lift. 

The first condition is that the cylindrical blade 
must not obstruct the inner hole of the ring plate. 
Since the necklace vortex forms by wrapping around 
the ring in the direction of its width, a large d with a 
small D may block the hole, preventing stable vortex 
formation. Therefore, the inner hole diameter, D−W, 
must be larger than d. Given that dW is used as a 
design index for wind turbines, this relationship can 
be expressed as Equation (1). 

 
𝐷 > (1 𝑑⁄ )𝑑𝑊 + 𝑑	 (1) 

 
The second condition is that the blade must 

extend beyond the outer edge of the ring. If the blade 
length L is too short and its tip remains inside the 
outer diameter of the ring (D+W), the necklace 
vortex will not form. This condition can be expressed 
as the following equation. 

 
𝐷 ≦ −(1 𝑑⁄ )𝑑𝑊 + 𝐿 (2) 

 
For wind turbine design, these conditions are 

plotted on a plane with the ring plate diameter D on 

the vertical axis and dW on the horizontal axis, 
producing the map shown in Figure 8. A wind 
turbine is geometrically feasible if its parameters fall 
within the triangular region bounded by the magenta 
Equation (1) and the green Equation (2). Figure 8 
also illustrates examples of wind turbine shapes at 
characteristic locations both inside and outside this 
region. 

3.4. Distribution of maximum lift force 
in dW-D map 

The maximum lift force of wind turbines with 
various shapes, measured experimentally, are plotted 
on the dW-D map in Figure 8. An example is shown 
in Figure 9, where the color of each point represents 
the magnitude of the maximum lift coefficient. 
Additionally, the two blue vertical lines in the figure 
correspond to W/d=1 and W/d=2. Wind turbines with 
shapes outside the triangular region defined by 
Equations (1) and (2) hardly rotated. However, 
within this triangular region and between the blue 
vertical lines, the cylinders experienced a stable lift 
force. Furthermore, within this region, a larger dW 
results in a higher maximum power coefficient. 

4. SUMMARY  
In cylindrical-blade wind turbines, which rotate 

using the lift force from the necklace vortex as the 
driving mechanism, four key geometric parameters, 
blade diameter, blade length, ring plate diameter, and 
ring plate width, were analyzed for their combined 
effect on power characteristics. Based on these 
findings, a design guideline was developed to 
maximize the maximum power coefficient for a 
given blade length. 
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