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Characteristics of Wind Energy in Ube Ctiy III

—Characteristics of directional variations—

Yayoi YAMANE -Atsushi M ANABE,

Abstract

Characteristics of directional variations of wind energy were analyzed from hourly wind speed and

direction datas averaged over ten-minutes for the period April 1980 to March 1982.

The seasonal variation of the wind direction was shown in the graph of shown in the graph of WIND-ROSE.

Prevailing wind directions were NW, WNW, E and ESE, whose relative frequency of occurrence was 44

percent.

Directional distribution of the wind energy also illustrated the existence of prevailing directions which were

aligned in opposite directions, W to NW and E to ESE.

The localization of the energy to above directions was notable, which reached to 70 percent of total energy

from all directions.

From these the method of efficient collection of wind energy was suggested.

B3 ¥F—FAOREEICIE, B il £ —-FENE
FAREEZRTH, ZO1 DL LTEAL I LF—DEE
EZORFRNEBOBERBE L2 E T TICARTE T
502,

BN AFEYT BT AL ¥F— 2R AKRFIET 27
DI, O CEYE O R E 2 FHE L TREST
EEESTHLENSH B, FOLHICE, BAOLERE
MLBERERE RS, FREROBRELEET 2R
ZOFMEEH > TEBALEYRH S, SSICEMEHELUT
DB ANF = bTo ANSEEARANH L,
INEBELTCIAINF—INEODHREELL LT
5.

AL TIE, 198044 A 2198283 HD 2 ¥ FDOH

TP TRESFEER B TR

TEBLLEERS T PR R

FiICLD, LRI A LF—DOREFRICDOWTHS M2
ol Bl OWTHRET S,

2. BEAE 7T — 2 08

JE\ AT E A, B 3T TSR T X 72 VEGEENE O
BELFELUTHY, 7o BEGBRES L DEBSAS
A0 A% 2 2L I — 8 B LU F— ¥ Sk
BEICEiEkL, 1HMEBORIEMESY S~V Frara—
AN LT — 7B EIT > /2,

HIEHARE, 19808E 4 A 519823 £ TD 2 7
flT, 19804EFE329H %%, 19814EE353HS D7 — % Th
. KBOKESIZ, 19804 E x4 H & 5 ATlA K
I6HMD 7= Th b, X19814FE x4 H & 8 HTHtic
268D T =5 Th -1z,

BoTie RO, BAEILE 20F/E AN

$29%  WEHISSE 3 )]



2 TR TN B PO R

8 Jifii, XS5ICZDHIEANIIOHLTRDT Z &8 3. FLEBHFHE
TE5H, Hrld, 1I6HMNTRDOT 28127 5,
JBx oL ¥ -, FHARN, EEO 3 FELD 3. 1 BERN (74>F- -R—-X)

BHUL 3 V¥ —0MZ)4e vV (WH/m?) &R 7:
bOTHL, 12720, VEAEHpZEROEETIIT
13 1.20 keg/m* DfE% AV 72,

ER iz AMoRRoMERE, BRI HREER S
KBk DHMB I EHESL, 22T 03m/s &
D/NZOLEED DIz DWW TIE calm & U TALE L

Spring (Mar~May)

Summe r (Jun.~Aug. )

Fig. 1 Seasonal frequency distribution of wind dir-

ection. (seasonal wind-rose)

Res. Rep. of Ube Tech. Coll., No.29 March, 1983

N N
s\ %
NW NE NW NE
1o 120
10 40
Ko™ N I\
w : E w = o€
10 / 20 s 10 \ 20 A
- wy A |
SE SW SE
W 1980
— 1981
S S
Fig.1—1 Fig.1—2
Autumn (Sept-Nov.) Winter (Dec~Feb )
N
U8 N./
NE
NW 10 NW L2 NE
A N
2 Xo
~1.
p
X o e o e T
SwW SE SW SE
S S
Fig.1—3 Fig.1—4



FERH B B T AL X — (D) — H B R — 27

1.0~3.6% L/hN &8 WO THIREBIZMA kro Tz,

Fig. 11319804, 1981FE O & HI0 HREH % &
F(3~5H), EF (6~8H), KFE (9~11H), %
F (12~20) ONBEATTRLE S5 7THB, &
NSRBI (7 4 > Reo—X)YEMEND D TH S,

BEF, H, HEE LI, AEILEOIZIZI80E R S 2
ODHENCKE 2D 2R L, 1981EETIZ2 DDHA
HIZHI25% D IREH & 7o - 72, 19804 13198 14EFE 12
L, ©0H, EEEOHANERSL G, 2 7FH’
2 DDHAR> T2 DHFR LR > T b,

HZEX, H, WEEOMBEE R LA, ALt
RKELA-TEHED, 18UEETIIHE, HEEOHRERK
346% 262D, HIALE, MELGHLYTEZ 2518
GOSN OHRBER E %5 T v b, 19805 1%
1981 L, PEAb~Jb~dtdb R D R K 2 i
BoTHBY, IOFEGECRELNTHD I EMEAIC
BbhltO:LtEbh b,

RICHKEORLBFAZICCRTH D, 223 x bt
RO L% <, GbETHYEN I o o HIRE
Heno1Tnsb,

AFETHRZEEIIAATH Y, 2413 2 LI,
IO A b % <, 1980FEE Tk 2D 3 Hhidb 2
E52%42 b B8, 19814EE T1338% 2 Fav- Th DI
XThoHI L350 EBbN 5,

IORSUEBEHMCRL L, FNFNEBREAE -

Annual
N
%
NW NE
120
10
S S|
w M 15}’ 20 % E
SW SE
----1980
—1
3 981

Fig. 2 Annual frequency distribution of wind direc-

tion. (annual wind-rose)

TR P A

RSS2 R L T 208, EM%@E L ToRE
Mur7 & Fig. 21242, ZHIZEFOBEM & IEm i
MUTnT, REEMAHHE, HEEFE oL, fEldo 2 5
FHZG AL THFEL T b, 1980 12 dbE, FEILyEss
PRL <, 1981FEEIRE, FRENE 2o T b,
ZD4FAELEL L, 2 T ERICMBDOHEER & 5>
Tw3,

—— daytime
......... nighttime

1980 Annual

" lo E
SE
S
Fig.3—1
1981 Annual -—daytirqe
---------- nighttime
N
o
w 7 E
S
Fig.3—2

Fig. 3 Wind-rose in daytime and nighttime.

#29%  HERIS8E 3 H



28 R A&

5 1%

1979 EDFEHHIRD 6 7RO SO EE Y% AF L
72DT, WROT—F LHBELTHIZ, Kz O &
T RBABNG D b 223, —MICBEMSEC LR
DEVHRELSND, Fhii, HED 2 IZABEOCEYO
HEIZLZ2LOBPKEVEEZ s A0, Tz OEHIH
AZELTwE, BEOEMOLE» L, REOR

Spring

N
%%

=== 1980
s —-1981
Fig.4—1
Autumn
N

°le

Fig.4—-3

WEBRTICE > TWw5b, Ledio T, ZOHICDNTOR
SOWETHDIW, AFLLET—SE17EZTOLD
THH, REMOT -5 ODINE, HEMRE »SHRORE
=R A,

KB OHELER D701, 4Hi 6805 TH6
FEE ToOLREMEBRME L, Zhllge®&Ee L2

Summer

N
%%

Fig.4—2

Fig.4—4

Fig. 4 Directional distribution of the wind energy

over each season.

Res. Rep. of Ube Tech. Coll., No.29 March, 1983



FERARIC $51F B BT R L X — 4 () — H (B R — 2

DHAR I > TR D HIRER & Ko 72D Fig. 30 7
57 ChHD, wEIE calm »3% < %50 TRFO HBE
B+ 208, BECHL, LR X D OFENICHEE
BREL RS, CHIIEHEEROLELZTLLDEHE
Zoh5,

3. 2 EIxAF—o0FMa3H

Fig. 4 AZBEICE 5 A2 AT AL ¥ — B 5
WEHEL, £22aAVF BT8G5 TEDL LIS T
TTHLJRL I F—BIZEED 3 FIHHIT 5D T,
BBl U D OREWANSGHLE K> TS,
L UREEEZ20 % £ 3FERE I SEE LR
KoTwAy, ZHERAFMOEROREVWE ZABT L
OEEEDKEWEZIAER > TRV EILL D,

HFETIE, A, FAL &, W RO 1803 2
WIALFE—SAREL, fARGbDE % L1980FEE T
1286%, 19814FE TId76% &% < O 4 /L F =i
WAL T 2 EDgnd,

FE T, 1980 EALTE L B, HWEHRD 3 i
63% D T AF —3, 198VFEEIH, HEH, FEEO 3
FRCTI% D T 4V F —353 4 LT b, 19804 E 178
JEFED = 7 F —H% s, B LT 2 Z Eic &
D HEHEOTFHEE LD L IO FHREES K E 0 &
Erohb,

KZEE, BER,»S FRLAZZVWEI RFEL> T
2, BFELFEL P, AL HE, REEO180HHN ¥ 5
FENZ 2 AV F—SMAKE <, MARGDE 2 £ 19804
FE79%, 19814EFE66% DHIE L 43,

£\, 7, AL, dLlEO 3 AL AV F =0 Am
K& <, 3HRIADLYE TI980EESE%, 1981FE62% D
HHEE > Tw5,

EFIAE T AL X — DA 5 FRICE L DIzDH
Fig.5 TH %, MEFE L &, #H, BALALE, REEO
180°FHXF 3 2 2 HIIC = 3 L F — K E <, HEE & b
T0% R0 = 3L ¥ — & (5 2 735, 19804 TI3FRIC 7,
FIFEO T H L F =B 56% L EHT 5B, ZDOFI,
EOFRENIC L, FEILEO T AL F -2 1981FE L
EHholz:l EIlLBLDTH S,

FERA LTI AR L EAROIS0 T 5 A ED
T+ T%D T ANVF—PESNL I End, BET L —
NELANLF—FK LR B T5A, EER LA I
T2E5CEELTLEIAHELEZOND.

AHEZ, 7TL—RFE2KELTHIEFEDRLF-EN

AR PR R B

Annual

Fig. 5 Annual directional distribution of the wind
energy.

HL AN, RELTHEHHEENHD , BEL 7L —
FICEREEL DTS EICED, NSBETL—-FTYH
SRR S 2 EAAREIZ e S, Lzt TREL T
WAERWEELD b T AVFINENLDEZL 2D, LD
WEOEVABEL LTI L —ROAAEZEEL TEZS
DLHEETHS.

3. 3 HEBITHAF— B FHEE
19804, 18IEEOEBOROEIFANVF L&
FHBN RS, Gbt TEFMOTRRE, HEERE

" RL7-® Fig.6 TH 2,

JBx AN ¥ —&i, 19804128V TIFAEILAE THRK
133KWH/m* &b, B/hd@Emdo 0.9 KWH/m T
FOEMNE L, 1981EE Tld, BRAIEEERD 70 KWH-
/mt THY, 1980FERKEOKFTDELR>72, X
B/NZREERO 1.5 KWH/m Th - 72,

2 FERIC T I VF—BOE — 7 $HEILAE L ERED
2 HENCIFFEL T b, BRE— 27 OFALIEHI % -
7z,

HRBESERHE IR, BRoaLvF—BOr—2r0kbi
22 HEICITNE ZAHTRRD E—27 #3208, BTt
NE—BOREOHPEHEEPIRKE DL ILTLLE
2R, i, HEERORNNMIIOEELRZRT L0
S5TH5,

HHEHKOE — 7 3E LD 2 AETHD, THL

294  HAAIS84F 3}



30 TR

L ST < §

F—BOr—7DOERLNEAMAIIEVLS, THLF—F
ORNFEBEOR/NMILT L L—FL 2w,

T ¥—, RS, HRERO ST 7, TR
LR S HAEORIC 2 DD E— 7 2F-> T b L
Lasino 2,

I TRAMDE T IV F — % HE O TE - 727
W7 —FEANL, PHEREENTHSL I LT 3,
Fig. 713, 19808, 19814 D HARIFH/ 7 —HE
EEBRED ST 7 ThD, RU—EELEADE -7
BIMCEREE LD 2 AMCH D, ORI L G
LTwah, TAINF—ZEEDIRKET L En
S, EEST —EEORKERR/MEEEL (ELD,
BAE I PE L T1980 4 285 W/ny, 19814 FF 124 W/
mTHY, RMEZILETERZN 58 W/, 6.9 W/m
Lot BRAMEIRRIMEDORI20~50FDETH - /2.

EEEEIE, TAALF —RANEESZLEILTER
#h 6.15m/s, 4.87Tm/s LiRKEARD, LI 12D —
sEEEETZEAFN3.72m/s, 3.92m/s LT, F
EHgEE (2.94 m/s, 2.81 m/s) (CEhm i DR X 2 JEH
EloTn b,

RIS P8 — 3 &P RGE D 7L & DR
BERLEOM Fig.8 THB, LOERICLHA LM
FE D180 X3 % 2 DD FH AT FEE 7 —HED
E—225Y0, BAROAPMEOKR S MEAIRD 5,
CI1980EE I F, B, ZOEEIKE L, RAHEIZ 300
~400 W/nt? I K E o,

2EINCA S L, BE, MELEF, £FTHE
ANE—DE—7 BRT HMSBRE MO0 % 00, Y
FHABUTR—AAOHME L R R e@mEINTY
B0, Wrx DGHEENELZBLUTCHRILTH- 7, Lol
ZEIOEDORE S, FICLoTRESERDL Z LW
mol,

4. #% o)

1980. 4 ~1982. 3D 2 7 FEOFEIZ LD, JAT 7L F—
DOFIEEFECEL TUTOZ Lo hizm - 1,

H) ZEIRNC AL L, 2RFNEELE - EfHR

BEROfMAeRTH, FHlE2EL CTEESMEEZ S
&, e EmNEIEE, WAL L, HEEO 2 S

f6—ﬁ160‘- totalenergywirgesgged frequency 4
NE 1980 —— G S
14-3;:140- 1981 —o— egene
< | E
1202120
> | @
& 10k &
S 10r 100
o
A
+~ 8r =80
C
v o
= 6r— 60
o 8
Q O
®4t7 40
2r 20
0 0

Wind speed (m/s)

Fig. 6 Mean wind speed, total wind energy density and relative frequency of occurrence in each wind

direction.

Res. Rep. of Ube Tech. Coll.,

No.29 March, 1983



FEAI 51T B AT AL X R — ) (B — 31
T T T T T T T T T T T T T T T T
-8
300 power  wind speed
- mean mean {7
E Annual 1980 —e— e -
~
] —o— -0 ~
> 198 16 ¢
3‘ L J o
* 200 50
n
p o
v o
o 14
— o)
g <
o) 132
a- 100+
412
11
O 1 I L 1 1 0

N NE E SE S SW W NW

Fig. 7 Mean wind speed and mean wind energy density (total energy devided by frequency of occurrence)

in each wind direction.

Annual mean values are shown.
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Res. Rep. of Ube Tech. Coll,, No.29 March, 1983



FEb B BT S T 4oL X)) — KB ﬁ'l"Ti“: 33

o
T T T T T T T T T . r , . : .

300r power wind speed
mean mean ]

1980 —e— Y

~

Autumn
(Sept~Nov.) 1981 —o—  ---0----

density ( W/ m2)
S
o
o o
wind speed ( m/s)

&~

Power
w

o
o
T

T

300 power  wind speed
mean mean

1 980 —— e @----

L
~

Winter
(Dec~Feb.) 1981 —— —eOnee-

S
wind speed ( m/s)

1l
&~

1
w

Power density ( W/ m?)

:

Fig.8—4

LR TR R 0205 WGRISRIE S )]



34 MR ok - B8 1%

& F X ®

1) HE&#E, REE, $HEBEA . “FEHETRCBT3
A anF 417, FRIESEFMFRITTE
%, 28, 57, (1982)
2)EHBE, REE [ CFEmEBCE A EL A ¥ —
—FEI, FELESSEHEMERMRERS, 29, 15
(1983)
3) R, =FIEE DUEENYF Ty (N7 —
#, 1980)
4) FEH - FEHAFMNK —30ELE—, (1980, 12)
5) M EAZ, MG, MERC D CHRVBCBY
2 BT A0V F — O HIEH 5 & EEHIE BT 58T
72, MBS SEIHEIY A7 L DEAEET — 512 & 58
IANF—ORESHHOER", BLFEY >Ry Y L
# (JPN), 6th, P365, (1980)

(REFI574 9 H16H % H)

Res. Rep. of Ube Tech. Coll, No.29 March, 1983



