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Effects of blade tips and the blade end plates on blade performances of a small straight-

bladed vertical

axis wind turbine

Seiji Yamada* and Shinsuke Mochizuki*?

In order to clarify effects of the blade tips and the blade end plates on the performance of a small straight-bladed vertical axis

wind turbine, the static pressure distribution on the blade surface at the center of the blade span and near the blade tip of a rectangular

arc-shaped blade was measured and visualized by the oil film method over a range of positive and negative high angles of attack, and

they were associated. In addition, local airfoil characteristics at the center of the blade span and near the blade tip were obtained using

these static pressure distributions on the blade surface. Focusing on the blade passing upstream of the wind turbine, the wind turbine

rotating torque at the local position in the spanwise direction is calculated using their local airfoil characteristics, and effects of the

blade tip and the blade end plate on the performance of the wind turbine were discussed. By attaching a wing tip plate to the rectangular

wing, it is possible to suppress the local lift decrease near the blade tip. At low positive angle of attack, for example a=4deg, the blade

tip plate contributes to the suppression of the pressure rise in the leading- edge region near the blade tip on the suction side blade

surface. At relatively high positive angle of attack, for example a=12deg, the blade tip plate contributes to the pressure increase on

the pressure side, in particular, the blade tip plate, which is bent toward the suction side of the blade, contributes to widening the low-

pressure area on the leading-edge side on the suction side. It is presumed that the tip of the rectangular blade contributes to the

reduction of the wind turbine rotating torque. In order to suppress the reduction of the wind turbine rotating torque, it is effective to

suppress the local drop of lift near the blade tip by attaching the blade tip plate. In particular, the effect is great for the blade tip plate

that is bent toward the suction side of the blade.
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Fig. 1 The experimental apparatus and the coordinate system
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Fig.2 Outline of the rectangular arc wing, and the end plate and
its installation
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Fig. 3 Coordinate system for the arc wing
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Table 1  Blending ratio of mixed oil.
Liquid paraffin | Titanium oxide oleic acid
A blend 12 5 30
B blend 15 1 5
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Fig.4 Static pressure distribution in the chord length direction on the blade surface. (a) a=—20deg, (b) a=—>5deg, (c)
a=0deg, (d) a=4deg, (e) a=12deg, (f) a=20deg. The static pressure distributions on the blade surface at the center
of the blade span and at the blade edge are different.



/DN (BT B o R R D M RE L R U 3 Bl D SO & B AR D 2 R 13

T
0.5 2 cooegg,
OBROAABASSRERRAR g

:ooooodf’oooooo 003580 & §§§&9&9
8

Tag,

=

ya
-

. v
VYV Vyyavv?

A
A
o
gaanseatsy”

L .

-1.5 Forregee?

x/c
(e) a=12deg

[y

1_ L B B
L _

- D -

o ]
0.590;2??@9\%3.3 )
i Sef) OB AAAAAAAAA s Do, - |

- 8008838888888%%%% §\§\§\§\§ i

: Pog
0 ﬁaﬁa .

[ »

. for

L g_
-0.5F -
i un o u e

L " . : v |
R B T T RS S SR RS- L
Ao e ¥y 7 )
151 ]
i P RS S I T S S R R SRS R s ]

0 02 04 06 08 1

x/c
() a=20deg

B Convex O Concave (y/c=2.8)(-90WL) ¥ Convex V Concave (y/c=2.8)(-45WL)
® Convex < Concave (y/c=2.8)(+90WL) A Convex & Concave (y/c=2.8)(+45WL)
® Convex O Concave (y/c=2.8)(noWL)——Convex - — ~Concave (y/c=0.0)(noWL)
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Fig.5 Visualization photograph on the blade surface by the
oil film method. (a) a=4deg, (b) a = 12deg. Flow
separation and reattachment are inferred from the oil
film pattern on the blade surface, and they correspond

to the static pressure distribution on the blade surface.
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Fig.6 Visualization photograph on the blade surface by the oil
film method. (a) a=4deg (with (=+90deg end plate), (b)
o=12deg (with (=+90deg end plate). Flow separation and
reattachment are inferred from the oil film pattern on the
blade surface, and they correspond to the static pressure
distribution on the blade surface.
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Fig.7 Local airfoil characteristics based on the static pressure distribution in the chord length direction at the center of the

blade span and near the blade edge. (a) Lift coefficient, (b) Drag coefficient, (c) Pitching moment coefficient around the

front edge, (d) Ratio of lift to drag. The local airfoil characteristics at the center of the blade span and at the blade edge

are significantly different.
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Fig.8 Velocity triangle in the flow field around the blade. The
arc blades are mounted so that the convex surface faces

the wind turbine rotating shaft.
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Fig.9 Inflow angle and angle of attack relative to azimuth angle

at A=1.72 and f=17.32deg. a takes a positive value in the

region of —41.9<0<76.5deg.
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Fig.10 Torque variations within one revolution of the wind
turbine with respect to the azimuth angle at the center
of the blade span and at the blade edge at 1=1.72 and
p=17.32deg. Local torque variations at the center of the
blade span and at the blade edge with respect to the

azimuth angle are different.
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Fig.11 Variation of the lift term, the drag term and the
pitching moment term around the front edge in the wind
turbine torque within one revolution of the wind turbine
with respect to the azimuth angle at the center of the
blade span and at the blade edge at A=1.72 and
p=17.32deg. Each term in torque equation at the center
of the blade span and at the blade edge with respect to

the azimuth angle are different.
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