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ABSTRACT

A Study on the Air Resistance of Wind Turbine on High

Speed Leisure Boat

Lee, You-shin
Advisor : Prof. Park, je-woong Ph. D.
Depar tment of Naval Architecture

& Ocean Engineering
Graduate School of Chosun University

Recently, national attention on the regulations for carbon dioxide
emission has risen. Thus, diverse attempts are being actively carried out to
reduce the resistance of ships and to develop a new propelling system that
reduces the emission of carbon dioxide.

The UNFCC (United Nations Framework Convention on Climate Change) is
promoting a carbon dioxide stabilizing policy to maintain the level of
atmospheric carbon dioxide at 450~550ppm for the prevention of global
warming. As the international concern for the prevention of global warming
is at its rise, it is expected that the carbon dioxide regulations for ships
will soon hit the stride as ships are known to be responsible for the

emission of 1billion tons of carbon dioxide per year.

The International Maritime Organization (IMO) have enacted the EEDI
(Energy Efficiency Design Index) and EEOl (Energy Efficiency Operational
Indicator) which are enforced regulations that measure the energy efficiency

for the purpose of reducing carbon dioxide emissions of ships. These

- viii -



regulations are waiting to be implemented in 2013. |t is highly possible
that the EEDI, which displays the ratio of environmental impact and
economical benefit, will become a core index to represent the technical

abilities of a shipyard.

In order to enhance the fuel consumption efficiency, it is necessary to
reduce the frictional resistance, which is a major part of a ship" s
resistance. Research to reduce the frictional resistance has been
consistently ongoing in the field of mechanical engineering together with

the advancement of viscous flow analysis methods.

Furthermore, the demand for the reduction of a ship’ s sailing power to
make ship management economically feasible has increased in the field of
marine engineering. Thus, research for the application of the currently
developed frictional resistance reducing methods has become gradually
vitalized.

Another measure suggested to satisfy both the carbon dioxide regulation
and the economic feasibility of a ship is the use of hybrid energy. Ships
are constantly exposed to the sun and wind during sail or at anchor and
research to utilize wind and solar power as the energy source is being

attempted in various methods.

This study aims to induce methods to utilize the generated wind power for
the electrical energy source of a ship’ s lighting, air conditioning and
heating, etc. by installing a compact wind power facility on the experiment
target; a small gliding high-speed vessel. The vessel targeted for
application is a 30ft high—speed leisure boat made of aluminum alloy instead
of the usually used FRP (fiber reinforced plastic). The wind power facility
installed on the hull and the batteries that will be charged by the electric
energy generated by the wind power system were considered at the designing

stage of the boat. A new presumption equation for air resistance of wind

_ix_



turbines and efficient measures for management are suggested based on a
model experiment that verifies the basic performance of the wind-powered

leisure boat.
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Fig. 1-2 Actual ship combined wind turbine, Hybrid ferry,
USA[11]

Fig. 1-3 Actual ship combined wind turbine, NYK Line, Japan[12]
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Table 2-2 Comparison for characteristics of wind turbine
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Fig. 2-5 3D modeling of rotor and blade
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Fig. 3-3 Aluminum leisure boat, NZ[15]
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Compar ison of FRP and aluminum boats
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Table 3-2 Estimated initial principal dimensions

| tems Dimension
L.0.A (m) 9.5
Breadth (m) 2.5
Depth (m) 1.5
draft (m) 0.4
Displacement (ton) 4.8~5.5
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Table 3-3 Estimation of weight

| tem Weight (kg) Remarks

Hul | Weight 852

Diesel Oil Tank Weight 1270

Engine Weight 663

Water Tank 200

Teak 40

Interior fittings weight 55

Passenger 600 | 8 person
Reinforcing bar material 230

ETC(1) 15%

ETC(2) 700 | Wind turbine system
Total weight 5196.5
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Table 3-4 Principal dimensions

| tems Dimension
L.0.A (m) 9.5
L.P.P (m) 7.3
Breadth (m) 2.5
Depth (m) 1.5
draft (m) 0.5
Displacement (ton) 5.2
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Fig. 3-10 Body plan of developed aluminum leisure boat
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Table 3-5 Comparison of principle dimensions and model test conditions

Dimension & Test condition

| tems
Case—1 Case—2
L.0.A (m) 9.500
L.P.P (m) 7.300
Breadth (m) 2.500
Depth (m) 1.500
draft (m) 0.500 0.456
Lcb (m) 0.519 0.539
Cb 0.580 0.551
Wetted surface area (m’) 18.473 17.180
Displacement (ton) 5.2 4.5

() Leb(m) : distance from midship to stern part

Case-1 : Full Load condition

Case—2 : Without wind turbine
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Fig. 3-12 Test model without wind turbine
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Table 3-6 Comparison of measured total resistance

Case-1 Case—2
Fn Rt(gr) Rt(gr)
1.44 741.7 641.9
1.58 760.6 669.4
1.72 781.8 694.8
1.82 803.7 714 .4
1.95 827.2 752.2
% 850
zE Case-1 samses=| .=
800 Case-2 m— e
750 [ —grrermnset ™ J”‘,A*ffﬂﬂff#r*
- //
650 —
6500
1.4 1.5 1.5 1.7 1.9 2.0
Fn

Fig. 3-13 Comparison of measured total resistance
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Table 3-7 Comparison of total resistance over displacement(Rt/A)

Case—1 Case—2
Fn Rt/W Rt/W
1.44 0.1662 0.1659
1.58 0.1705 0.1730
1.72 0.1752 0.1795
1.82 0.1801 0.1846
1.95 0.1854 0.1944

0.2

Rtfw

0.19

0.18

0.17

0.16

1.4 1.5 1.6 1.7 1.8 1.9 2.0
Fn

Fig. 3-14 Comparison of total resistance over displacement(Rt/A)
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Table 3-8 Comparison of residual resistance

Cro X 10°
Froude No. w
Case-1 Case—2
1.44 11.15 9.72
1.58 8.75 7.65
1.72 6.73 5.92
1.82 5.75 5.10
1.95 4.77 4.18
Ry
1/2p Vi3
14
Case-1 sssssan
12 Case-2
10
8
6
4
2
1.4 1.5 1.6 1.7 1.8 1.9 2.0

Fn

Fig. 3-15 Comparison of residual resistance performance
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Table 3-9 Comparison of trim angle(degree)

Case-1 Case—2
Fn trim(deg) trim(deg)
1.44 5.30 4.70
1.58 4.90 4.30
1.72 4.40 3.90
1.82 4.20 3.70
1.95 3.90 3.50
&b B.0O
i Case-1 sssssas
E 7.00 Case-2 o
E 6.00
Moaaa,.
5.00 e
voo F\g& T ........ .? ...... e
3.00 &
2.00
1.00
1.4 1.5 1.6 1.7 1.8 1.9 2.0
Fn

Fig. 3-16 Comparison of trim angle(degree)
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Table 3-10 (a)

Compar ison of sinkage(% of Lpp). F.P

Case-1 Case—2
Fn SF (%Lpp) SF(%Lpp)
1.44 9.57 8.72
1.58 9.29 8.37
1.72 8.97 8.08
1.82 8.81 8.02
1.95 8.67 7.81
E i Case-1
% . Case-27 s
(75 ]
10.00
9.50 B —
T,
9.00 S T =
8.50 h“"""-—‘\- ...... [ ]
8.00 4 —,
7.50
7.00
1.4 1.5 1.6 17 1.8 1.9 2.0

Fn

Fig. 3-17 (a) Comparison of sinkage(% of Lpp). F.P
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Table 3-10 (b) Comparison of sinkage(% of Lpp). Midship

Case-1 Case—2
Fn Sm(%Lpp) Sm(%Lpp)
1.44 4.88 4.48
1.58 4.99 4.50
1.72 5.11 4.57
1.82 5.15 4.66
1.95 .27 4.72
E; 6.00
-S_QI 5.80 Case-1 sssssss
E 5.60 Case-2 o
(75 ]
5.40
5.20 — . L
500 |——— PR T L Ll
T
4.80
4.60 - ——P"Q
4.40 : _
420
4.00
14 1.5 16 1.7 1.8 1.9 2.0
Fn
Fig. 3-17 (b) Comparison of sinkage(% of Lpp). Midship
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Table 3-10 (c) Comparison of sinkage(% of Lpp). A.P
Case-1 Case—2
Fn Sa(%Lpp) Sa(%Lpp)
1.44 0.19 0.25
1.58 0.69 0.62
1.72 1.25 1.06
1.82 1.50 1.31
1.95 1.87 1.62
Frsil [ =08 S— ol
:_:'_QI 1.70 I:EEE 2 — ] -_.l —
® 150 --“:;;,,ff"’*
1.30 J_;;:#‘,"
1.10 _;;;;j?
0.90 ——
0.70 1';;=;;"’Hr
0.50 .JEFH’F..
0.30 37
0.10
14 1.5 16 1.7 1.8 1.9 2.0
Fn
Fig. 3-17 (c) Comparison of sinkage(% of Lpp). A.P
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Table 3-11

Compar ison of wetted surface area ratio

Wetted surface area ratio (Sy—y./Sy—)

Case-1 Case—2
Froude No.
W.S.A ratio W.S.A ratio
1.44 11.32 0.613 10.66 0.621
1.58 11.18 0.605 10.62 0.618
1.72 11.07 0.599 10.55 0.614
1.82 11.01 0.596 10.46 0.609
1.95 10.95 0.593 10.38 0.604
2
i [
= —
W 075 Case- 2
0.7
0.65
| EprrrTT P -
A s Wrrres _ﬁ
0.55
0.5 Fn
1.4 1.5 1.6 17 1.8 1.9 2.0

Fig. 3-18 Comparison of wetted surface area ratio
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Table 3-12 Estimation of BHP

Case-1 Case-2
Vs(Knot) BHP(kW) BHP(kW)
240 142.6 1201
26.0 154.3 131.9
28.0 165.9 1424
30.0 177.8 153.8
32.0 193.3 170.2
= 2000
% 190.0 [ €858 1 eeeenee 2
E Case-2
180.0 s
170.0 = ,ff’ﬁ
160.0
JlE /
150.0
it - /
130.0 f/
120.0 "
110.0
22.0 24.0 26.0 28.0 30.0 32.0
Vs(Knot)

Fig. 3-19 Estimation of BHP
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(a) case-1

(b) case-2

Fig. 3-20 Comparison of wave patterns, V=24knots
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(a) case-1

(b) case-2

Fig. 3-21 Comparison of wave patterns, V=26knots



(a) case-1

(b) case-2

Fig. 3-22 Comparison of wave patterns, V=28knots
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(a) case-1

(b) case-2

Fig. 3-23 Comparison of wave patterns, V=30knots
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(b) case-2

Fig. 3-24 Comparison of wave patterns, V=32knots
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Fig. 4-3 Test model with wind turbine
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Table 4-1 Model test condition

Test case Condition Remarks

Displacement = 5.2 Ton

Case-1-1 without wind turbine | gI3&to| Case-1 5.2tong

&ESZ &,

Displacement = 5.2 Ton

Case-1-2 with wind turbine
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Table 4-2 Comparison of measured total resistance (gram)

Case—1-1 Case-1-2
Fn Rt(gr) Rt(gr)
0.856 829.5 834.2
0.980 811.9 813.3
1.099 765.8 769.4
1.218 732.0 737.8
1.338 732.0 740.3
1.457 742 .8 763.3
1.583 774.2 781.2
1.712 807.6 810.0
1.824 844 .8 855.2
1.947 882.9 897.6
E 1000.0
] Case-1-1 =rez=us
& Case-1-2
950.0 [
900.0
850.0
800.0
750.0
700.0
0.8 1.0 1.2 14 1.8 2.0
Fn

Fig. 4-5 Comparison of measured total resistance (gram)
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Table 4-3 Comparison of trim angle (degree)

Case—1-1 Case-1-2
Fn trim(deg) trim(deg)
0.856 7.34 7.45
0.980 7.33 7.35
1.099 6.65 6.70
1.218 5.85 5.88
1.338 5.50 5.50
1.457 5.04 5.12
1.583 4.57 4.69
1.712 4.16 4.28
1.824 3.89 3.96
1.947 3.60 3.69
o 8.00
el [

7.00

6.50 \ﬁ\

6.00

5.50 -‘\\ﬁk“ﬁh

5.00 ™

4.50 \‘\

4.00 skﬁWEﬁht

3.50

3.00

0.1 0.6 1.1 1.6 2.1
Fn

Fig. 4-6 Comparison of trim angle (degree)
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Table 4-4 Comparison of sinkage (% of Lpp) F.P

Case-1-1 Case-1-2
Fn SF(%Lpp) SF(%Lpp)
0.854 9.52 9.60
0.979 9.99 9.98
1.100 9.97 10.13
1.217 10.00 10. 11
1.340 9.70 9.81
1.457 9.37 9.40
1.583 8.81 8.95
1.712 8.46 8.60
1.824 8.36 8.28
1.943 8.22 8.13
g e Case-1-1 sssssus
:':-" T Case-1-2
11.00
10.50
10.00 ::;;;;;n~f:::TT_‘?h:“
9.50 - ﬂﬁ}bﬁﬁ»
9.00 1‘ﬁﬁ?ﬁ‘
8.50 ‘T:T?T?. =
8.00 ﬁ‘!ﬁ‘:;*
0.8 1.0 1.2 1.4 1.6 1.8 2.0
Fn

Fig. 4-7 Comparison of sinkage (% of Lpp) F.P
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Table 4-5 Comparison of sinkage (% of Lpp) Midship

Fig. 4-8 Comparison of sinkage (% of Lpp) Midship

_66_

Case—1-1 Case-1-2
Fn Sm(%Lpp) Sm(%Lpp)
0.854 -3.36 -3.49
0.979 -2.86 -2.93
1.100 -1.68 -1.62
1.217 -0.25 -0.19
1.340 0.06 0.19
1.457 0.56 0.44
1.583 0.81 0.75
1.712 1.18 1.12
1.824 1.56 1.37
1.943 1.93 1.68
2 3,00
2 Case-1-1 =ees=ns
E 2.00 Case-1-2 o)
(7]
1.00
0.00
-1.00
-2.00
-3.00
-4.00
0.8 1.0 1.2 1.4 1.8 2.0
Fn



Table 4-6 Comparison of sinkage (% of Lpp) A.P

Fig. 4-9 Comparison of sinkage (% of Lpp) A.P
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Case—1-1 Case-1-2
Fn Sa(%Lpp) Sa(%Lpp)
0.854 3.08 3.06
0.979 3.56 3.53
1.100 4.15 4.26
1.217 4.87 4.96
1.340 4.88 5.00
1.457 4.97 4.92
1.583 4 .81 4.85
1.712 4.82 4.86
1.824 4.96 4.83
1.943 5.09 4.91
E:&DU
% Case-1-1 ssnsnas
W 5.50 Case-1-2 =
173
.00
4,50
4,00
3.50
3.00
0.8 1.0 1.2 1.4 1.6 1.8 2.0
Fn



Vs = 14.0knots

Vs = 16.0knots

Fig. 4-10 Wave patterns for Case-1-2
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Vs = 18.0knots

Vs = 20.0knots

Fig. 4-11 Wave patterns for Case-1-2
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Vs = 22.0knots

Vs = 24 .0knots

Fig. 4-12 Wave patterns for Case-1-2
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Vs = 26.0knots

Vs = 28.0knots

Fig. 4-13 Wave patterns for Case-1-2

_71_



Vs = 30.0knot

Vs = 32.0knots

Fig. 4-14 Wave patterns for Case-1-2
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H=e Metgdt=S Froudell HIWEEO [t &4 MegilE 8titet =,
Ol TNl =E0tE2= &4&tot Table 4-710 Fig. 4-1501 Bluwotd LEFLHRL
Ch. & &3R8 =808 XN0l= SSHE0N HSots SIIMEM Jlelgt 20l
. BED SItotEAM |E01E9 X0l= X AX=
SJNg2 52 M=ol dgliclotyl E20ICH. olol thet XtMlg s IE
ZotJ|I=2 BtLt.

=2
x
wl
=
oh

Table 4-7 Comparison of EHP for actual ship

Ship speed EHP (kW)
(knots) Case—1-1 Case-1-2
14 63. 1 63.2
16 69.5 69.8
18 72.4 72.8
20 74.3 75.0
22 80.2 81.1
24 86.7 87.8
26 94.8 96.0
28 104. 1 105.4
30 113.7 115.3
32 126.4 128.3
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EHP(kW)

140.0
Case-1-1 ....eess

130.0 Case-1-2

120.0

110.0

100.0

0.0

80.0

70.0

0.0

12.0 16.0 20,0 24.0 28.0 32.0
Vs(Knot)

Fig. 4-15 Comparison of EHP for actual ship
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Table 4-8 Power increment by wind turbine for actual ship

Power increment (kW)

0.7

0.9
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Table 4-9 Comparison of power increment for wind turbine by model test
and ITTG-1978 for actual ship

Ship speed Pap (KN)

(knots) Wode| test ITTC-1978 | TTC-1978
(FHHAN) (HEHA)

20 0.7 0.0008 0.0009

22 0.9 0.0011 0.0012

24 1.1 0.0014 0.0015

26 1.2 0.0018 0.0019

28 1.3 0.0022 0.0024

30 1.6 0.0028 0.0030

32 1.9 0.0033 0.0036
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Table 4-10 Relation between power due to air resistance by wind
turbine and ITTC-1978 method's variable

ITTC-1978 method's variable
Power increment (kW)
(Ayp< (Vg)?)
0.70 1320.75
0.90 1698. 11
1.10 2264.15
1.20 2830.19
1.30 3584.91
1.60 4339.62
1.90 5283.02
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Fig. 4-16 Relation between power due to air resistance by wind turbine
and ITTC-1978 method's variable
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Table 5-1 Power increment considering energy generation by wind turbine

for actual ship

Ship speed (knots) Power increment (kW)
20 0.5
22 0.7
24 0.9
26 1.0
28 1.1
30 1.4
32 1.7

2EAEQ L ES DHUAMEE=E AAUHA HAESL2=Z JHE 22l AE
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CtSt 20l HeHoIA

@ 1AI2E Helel HAIRIXIZ OIS Al 30EZ &= 2412t 2
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