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A Study on Efficiency of a Vertical Axis and
Variable-Pitch Floating Wind Turbine

Kim Jae-Heui

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This thesis is for the research of generating efficiency of the vertical
axis and variable-pitch floating wind turbine. This new concept wind turbine
is designed to have variable pitch angles while the rotor blade is rotating
with the direction of the wind. For the most efficient wind turbine design, I
analyzed output characters from the integration between the blade’s
variable-pitch range, fixed pitch angle, external force of ocean environment
and the wind turbine through a wind tunnel test using 2-dimensional basin
as well as the floating wind turbine test using the ocean engineering basin.
Also, when evaluating for the mechanical efficiency (disregarding the
electric efficiency) of the wind turbine, I performed a mechanical power

measuring test of torque and the RPM of the generator’s pivot.
KEY WORDS: Variable-pitch; 7} ] %], Vertical axis wind turbine; 4215 F8237],

Model test; =& A&, Floating wind turbine test; 2] %¥4%, Mechanical power

measuring test; 71412 £ A3
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Fig. 3.1 2D modeling and prototype of the wind turbine
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Q
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Fig. 3.2 2D modeling and prototype of blades
Table 3.1 Specification of blades
Material Aluminium (coated)
Width of blade 0.225 mm
Height of blade 0.280 mm
Weight 0.7 kg
Number of blade 5 EA
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Fig. 3.4 2D modeling of the stopper units

Collection@kmou  ~



313 Edol= A -3 2 FA=

EdolE - dtHe AFL 500 mmoli, EHolE A HAAe TAHOE
B 220 mm BAAJT. 599 EME AFetr] s 570 &8 UHEEAT
2 AT AEEE 29 By FaAe °0E BdY Fa FRERu
7 Wi Za FAFAC Yol & Fi{ FREERT FetsLdd tigh
THA %ol 0= ZHol Aot olgd 23 BHY FEREY AHS HAdFst
71 A e FRA daRel 1A= FAS THEAT Y AEFEr Bast
o. ol {4 EHEolE A - skie] AL SAAEI 23 VHHE EY7)
By o] E(Polycarbonate) A} & & A3} t}. Fig. 3.5 E#ol= 4 -39 2D

o]
wad 9 AR Az Aol

Fig. 3.5 2D modeling and prototype of the top and bottom plates

Table 3.2 Specification of the top and bottom plates

Material Polycarbonate
Diameter 500 mm
Weight 2.4 kg
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Fig. 3.6 2D modeling of the main column
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Fig. 3.7 Prototype of the main column

Table 3.3 Specification of the main column

Main column parts number

Weight

Material

0.18 kg

0.16 kg

1.64 kg

2.48 kg

0.92 kg

OO x| W DN

1.38 kg

Stainless steel
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Fig. 3.8 2D modeling and prototype of the support fixture

Table 3.4 Specification of the support fixture

Name Weight No. Material
Top and bottom plates 2.40 kg 2 EA Polycarbonate

Column 0.36 kg 4 EA Stainless steel
Stepping motor mount 0.81 kg 1 EA Stainless steel
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Fig. 3.9 2D modeling and prototype of the floating wind turbine
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3.2.1 A

500

1510

Fig. 3.10 2D modeling and prototype of the floating body

Table 3.5 Specification of the floating body

Hull material Acrylic
Hull type Spar
Hull diameter 500 mm

Hull height 1500 mm

Hull draft 1000 mm
Hull weight 32.7 kg
Weight material Steel
Total weight 161 kg
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Fig. 3.11 2D modeling and prototype of the support fixture

Table 3.6 Specification of the support fixture
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Name Weight Units Material
Top and bottom plates 2.40 kg 2 EA Polycarbonate
Column 0.36 kg 4 EA Stainless steel
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Table 4.7 Z}7}o] £4717] AdS HeEit

Table 4.1 Specifications of the RPM sensor

Detection method Hall element
Frequency 1 Hz to 20 Hz
Revolution 1 to 20,000 r/min

Module 05 to 3
Tooth width 3 mm or greater
Impedance Approx. 330 {2
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Fig. 4.2 Torque meter

Table 4.2 Specifications

of the torque meter

Rated capacity (R.C.) 10 kgf.cm
Rated output (R.O.) 13 £ 03 mV/V
Non linearity < 0.25 % R.O.
Hysteresis (30min) < 0.25 % R.O.
Repeatability < 0.25 % R.0O.
Insulation resistance bridge > 200 M2
Temperature effect, on rated output < 0.2 % LOAD / 10 °c
Temperature effect, on zero balance < 0.2 % R.O. /10 °c

Safe overload

150 % R.C.
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Fig. 4.3 Wind meter

Table 4.3 Specifications of the wind meter

Sensor 3 cup anemometer
Sensing Read switch/magnet provide 1 pulse per rotation
Range 1.39 m/s to over 55.6 m/s
Accuracy Better than 0.5 m/s
Rotor diameter 125 mm
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Fig. 4.4 Stepping motor

Table 4.4 Specifications of the stepping motor

Model A50K-M566-G10
Holding torque 50 N- m
Rotor inertia moment 280< 10 kg m*
Rated current / phase 1.4 A/ Phase
Reduction gear ratio 1:10
Weight about 1.3 kg
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Fig. 4.5 Coupling

Table 4.5 Specifications of the coupling

Model DRB-39 SUS
Max torque 16 N- m
Max RPM 15,000 min "
Moment of inertia 8.7<10°° kg m
Torsional stiffness 1,000 N- m/rad
Standard inner diameter 8, 12 mm [ 8, 16 mm
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Fig. 4.6 Wind meter

Table 4.6 Specifications of the wind meter

Model AVM-07
Air velocity range 0 to 45 m/s
Air velocity resolution 0.01 m/s
Temperature range 0 to 45 °C
Temperature resolution 0.1 °c
Dimensions of meter 88<168x26.2 mm
Dimensions of vane 66<132<29.2 mm
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Fig. 4.7 RPM sensor

Table 4.7 Specifications of the RPM sensor

Model

ROS-P

Operating distance

1 m 45° from reflective tape

Speed range

1 to 250,000 RPM

Operating temperature -23 to 60 °C
Power required 33to 15 V
Dimension 16 X73 mm
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(a) Variable-pitch range case 1

(c) Variable-pitch range case 3
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(e) Variable-pitch range case 5

(f) Variable-pitch range case 6
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(h) Variable-pitch range case 8

() Variable-pitch range case 9

Fig. 4.11 Variable-pitch range of the blade
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Fig. 4.12 Fixed pitch angle of the blade - case 1 ~ case 7
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Fig. 4.13 Fixed angle of the blade - case 8 ~ case 15
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Table 4.8 221 =9 +xE

M9, WX 14 A=

Table 4.8 Design parameters for experimental condition

No. Load & No-load Variable-pitch range & Fixed pitch angle
1 +20° ~ +100°
2 +30° ~ +100°
3 +80° ~ +100°
4 +80° ~ +125°
5 +80° ~ +160°
6 -35° ~ +25°
7 -15° ~ +65°
8 -10° ~ +105°
9 -50° ~ +50°
10 -50°
11 -35°
12 -15°
3 No-load Y /e
14 +25°
15 +50°
16 +65°
17 +105°
18 +20°
19 +55°
20 +80°
21 +90°
22 +100°
23 +125°
24 +160°
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29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Load

+20°

+100°

+55°

+100°

+80°

+100°

+80°

+125°

+80°

+160°

-35° ~ +25°

-15° ~ +65°

-10° ~ +105°

-50° ~ +50°

-50°

-35°

-15°

-10°

+25°

+50°

+65°

+105°

+20°

+55°

+80°

+90°

+100°

+125°

+160°
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Fig. 4.14 The RPM by the wind speed following variable-pitch range in no

load condition - Variable-pitch range case 1 ~ case 5
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The RPM by the wind speed following variable-pitch range in

load condition - Variable-pitch range case 1 ~ case 5
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Fig. 4.17 The torque by the wind speed following variable-pitch range in

load condition - Variable-pitch range case 1 ~ case 5

Collection @ kmou



80

60 -

Power (W)

Variable Pitch Range
— @ +20° ~+100°
— @ +55° ~+100°

+80° ~ +100°
+80° ~ +125°
—@ — +80° ~+160°

Collection @ kmou

3 4 5 6

Wind speed ( m/s)
Fig. 4.18 The power by the wind speed following variable-pitch range in
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load condition - Variable-pitch range case 1 ~ case 5
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Fig. 4.19 The RPM by the wind speed following fixed pitch angle in

load condition - Fixed pitch angle case 1 ~ case 7
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Fig. 4.20 The torque by the wind speed following fixed pitch angle in

load condition - Fixed pitch angle case 1 ~ case 7
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Fig. 4.21 The power by the wind speed following fixed pitch angle in

load condition - Fixed pitch angle case 1 ~ case 7
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Fig. 4.22 The RPM by the wind speed following variable-pitch range in

no load condition - Variable-pitch range case 6 ~ case 9
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Fig. 4.23 The RPM by the wind speed following fixed pitch angle in

no load condition - Fixed pitch angle case 8 ~ case 15
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Fig. 4.24 The RPM by the wind speed following variable-pitch range in

load condition - Variable-pitch range case 6 ~ case 9
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Fig. 4.25 The torque by the wind speed following variable-pitch range in

load condition - Variable-pitch range case 6 ~ case 9
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Fig. 4.26 The power by the wind speed following variable-pitch range in

load condition - Variable-pitch range case 6 ~ case 9
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Fig. 4.27 The RPM by the wind speed following fixed pitch angle in

load condition - Fixed pitch angle case 8 ~ case 15
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Fig. 4.28 The torque by the wind speed following fixed pitch angle in load

condition - Fixed pitch angle case 8 ~ case 15
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Fig. 4.33 Wind generating system in RIMS

Table 4.9 Specifications of wind generating system in RIMS

Type Axial_fan
Maximum wind speed about 8 m/s
Air volume 400 m*/min / set at 25 mmAq
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Table 4.10 Design parameters for experimental condition
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No. | Wind turbing Variable-pitch range Wave

fixed or non fixed
1 fixed -35° ~ +25°
2 fixed -15° ~ +65°
3 fixed -10° ~ +105°
4 non fixed -10° ~ +105°
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Fig. 4.34 The RPM time history by the wind speed following variable
- pitch range -15° ~ +65° in the fixed wind turbine condition
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