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Study of Wind Turbine System for Antarctica

(1st Report, Utility of Alternative Energy and its Problems in Antarctic Stations)
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Kenji ISHIZAWA Shigeo KIMURA Toshiyuki TAKANAGA Iwane FUJII

Abstract

The Japanese Antarctic Research Expedition (JARE) tried to utilize wind energy since early
stage of the expedition, but most turbines were broken and/or did not work under the best condition.
In order to build up a reliable turbine system for usage in Antarctica, the investigation of wind
turbine system suitable for use in Antarctica was started from 1988. The study has been carried out
with the following four purposes. 1. Research on potential of alternative energy, characteristics of
wind, blowing snow and the causes of wind turbine accidents operated in the Antarctic. 2. Design of
an optimum turbine for an inland station. 3. Operation of the turbine and data acquisition of the
related matters at the antarctic station. 4. Evaluation of the results. At first this chapter discusses
the following matters. Amount of wind and solar energy at Syowa, Asuka and Dome Fuji Stations
were calculated respectively and it turned out that Asuka Station was the most suitable site for wind
turbine operation and that Dome Fuji Station was for photovoltaics. In order to design new wind
turbines suitable to operate at Asuka Station, we studied up causes of the turbine troubles
frequently observed for the machines used by JARE. Consequently, they are revealed to be chiefly
based on structural defects as blade vibration and others induced by severe climate condition such
as the intense cold, strong wind and blizzard.

Key Words ; Wind turbine, Antarctica, Alternative energy, Photovoltaics, System analysis,
Energy saving
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1 AREBCTORXRERLHL A ZHET 2008

Fuel for diesel generator Distance of | Mileage of |Fuel for Ratio of
Station Anual Weight including  |transportation | vehicle transportation |transportation fuel
consumption |sledges for (km) (Vkm+t) |of Q to generation
transportation (kl) (%)
Qi (kl/year)  [Q: (B) Q/Q: X 100
Asuka 4226 57.56" 73.30 0.28 1.17 2.8
Dome Fuji 35.45 48.25% 1003.35 0.19 9.20 26.0

(1) SM50 type vehicles with 18 sledges(850kg/each) (2) SM100 type vehicles with 15 sledges(850kg/each)
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E. KBOEETHY P FEHOEHERE 5 EMEL, 30n/sIKETHHRALE VLM
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(hPa) | pressure (hPa) | (°C) (kg/m’) ODRBZRLEBEL TS, I2ORAHFZ—E LD
Syowa 986.80 2.20 -10.4 1.308 At zhEThoEMoREHBHEES i b
Asuka 872.01 1.23 -18.4 1.192 MAEAVTHELEFREERELZR3ICTT,
Dome Fuji | 598.20 0.40 -53.9 0.951 BAOZ - OXREBEEIEREECHFT Z0
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, RERBEBETOLOOE LHEAKBLE #3 RAAZF—CrOERERLEHHKE
B4 5E, EFMICILIKILENTEDZ Z E N DM, Station Wind Diesel Ratio of Saved fuel
., ORI, FHREARE DB IZHEYE T 5, turbine generator wind to by wind
— 5., BREHIZIT A —EBELEEERSZ VD, QkWhiy) |Q diesel (kl)
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F—ab LBAREE, ARBEEELRE LD > 100(%)
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Fuji (5.57)
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3 20 The following data were used.
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INTEGRATED SOLAR RADIATION (kUh/m2-day)

SYOWA (1961-1990) <~ ASUKA(1987-1991)
SAPPORO(1974-1990) < TOKYO(1974-1990)

-+~ DOME FUJI(1996)
+ NAHA(1974-1990)

:

6 FMEEMEAASEHMOELKXAHNE
(BEHEAEMEDO A FH#E)
1500

(kWh/a2-year)

1000

500

INTEGRATED SOLAR RADIATION

SYORA

DOME FUJI
A

SAPPORO NAKA

K7 FEHREEXAHE

NEEX*ZELTCERICEOLND T RLF— &5t
ET24ERHD, PV AR LZRELICAT, L
MULKFELODEESEZTOHMAOBEDAEIC
BELEZLETOBEALE, AR vkdDoNn 5"

2)
o

I=n+ ((In*cos(6 -6 p) +Ir-cos(6+6p))
*sin(B) +1If) (2)

ZZT
n:PVARILVOEBYPE=10%LRE
In: EZEXKS
6 : KEmESR
Op: XRANVDOERAE (EE@#H»H)
B:RXKBOFA (EEMLLGILAMEICH

2.)
Ir: EEHODORHFMKS Ir=0. 4Ink
R E

If: HE KD If=0. 1Ink{RE

UTREROFHEBREZ2E~S., #HERIZELL

Journal of JSES

TABABRCEERZ@THONDEELKS DA
5F 58 BE Tuid .

In= Id-exp (-uB) [W/m?) (3)
ZZ T
Id: EBRKR&@E LB HME  [Wo]

B: TRBAROBRIIRE
n:#E®E (m) TOTT —< 2R
=m0-exp (—E/30000)
m0 : K O (m)

=1/sin (KB &EFMA)

THxXTT —~ A

¥, BB KkDEIAEBOEITR40ED
BABIC_OEEE> THET B,

2) o

(SN

k4 AEoAHEELREAE
Id(W/m')| B IdW/m')| B
Jan 1231 0.142 || Jul 1086 | 0.207
Feb 1215 0.144 ||Aug| 1108 | 0.201
Mar 1187 | 0.156||Sep | 1152 | 0.177
Apr 1136 | 0.180Oct | 1193 | 0.160
May 1105 | 0.196|Nov| 1222 | 0.149
Jun 1089 | 0.205(Dec| 1234 | 0.142
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Syowa Asuka Dome Fuji
Wind turbine Q1(kWh) 29656 62549 13181
PV panel Q2(kWh) 6885 7398 7613
Ratio of Q2 to QI(%) | 23.2 1138 578
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