=
o
El
e
&

\
Ao
ol
i
>
e,
||
o2l
SN2
M
1
~
Ho
2
Jfo
i)
ol
)

s Ao FTHAY = 9 A

Wind Resource Measurements and Analysis at the University Campus

BN

Yoon, JaeOck

24y e

Kim, Myung-Rae

Abstract

The wind-power among the new and renewable energies uses the wind, a limitless, clean and pure energy

which is available at any place. It requires low installation cost compared to the generation of other

renewable energies, and is easy to operate, and furthermore, can be automated for operation. Korea has

been taking a great deal of interest in the development of renewable energy generating equipment,

specifically wind power generation as the nation has a nearly total reliance on imported petroleum.

A measuring poll 30m high was installed at a location with an altitude of 142m above the sea level in order

to measure and analyze the wind power potentiality at H University's Asan Campus, and the wind velocity

and wind direction were measured for 1 year. As for the wind power resource of the area adjacent to Asan
campus, the Weibull Distribution coefficient was C=2.68, K =1.29 at H30m. Weibull Distribution coefficient

was modified on the basis of compensated wind velocity (=3.1m/s) at H 60m, and the energy density was
42W/m'. AEP 223,750 KWh was forecast based on the simulation of an 800KW grade wind turbine.

It is considered that the wind power generation has to be studied further in the inland zone with low wind

velocity to cope with the possible exhaustion of fossil fuel and ensure a sustainable environmental

preservation.

A= FAY, AN IA, Fuj

Key Words : Wind Resource, renewable energy, Wind power, Wind Turbine, Wind rose.

lo
=
s
M
o
o
i
2
f
Mo
of
oft
_°|l‘,
f
pass
o
A
M
ofN
=2
R

otk A% A dm FEsn on e By
e d% Qstd Agolrh oldd Al uet AuAF
Q @AEe AUARAY A FEES A HEA
AAEEE A4 3 Jx, A4 7 Fe 4AL 349
2o naduls ABFAA AUA AL FxE A7)
AAUA BFAAS Fohesl rha ek Age A el
97065 9ol SEsE SeltezAs AA el UA

Aule] Wi oo} A 9o of o L% 4 22
Aotk A AAAUA FolA FHHAEL ATe] ofm
AL o8 Asd TP AU g ol

=)

oy

« % A AL D5

L
[
wx DA AR} S AETE} Bkl A (eco5157@naver.com)
1) AH2 WA 34T 9 AAEA 645 [ FA 94 v’

o
A
3
ul
fob
N
A
Bl
9'|_-
Jor
rir
A0
e

Vol. 8, No. 1 2008. 02

% 2 o
T ol o
o .
) fjﬁ P
By B
o o, ru
Nk
s 2
i) o,
>,
2
=
_i,)l:'
i
~
1N
~ O
X
o
_O‘L
kel
-
ro,

[y 1o
dn g B

N
N
™
tlo
i
P
N B
f1
X0,
2
)
o
L)

f
Jus)
=
o
Lo
)

=
X

>J _L\.:

oz

EAN)

iy

o

oltl

i)

2

o

o

N

ol b
)
2

o
©

o
re ~
2 £ o

M
=2

o X S

2
2

-
o
N
2
T o
o
— JlN'
oxl
we
S
>
=2
=
L
%
ot

e

Sl
(@]
i)

[
oX,
H oo @
e
L
0O
KT ofg
ol
o ;g

2

>~
®
S
Y

el o
AAY, AT Weroz A
95t 1 A FHALS B4
B ATE Tue FAL

=

Aol AHARE

>

RU S
o

)

e "
i

o,

4~

Qi N
Moo o
e o to

o AN

He
X
=
N
b
o
r_z 9
s B jf
S L
rr
o
©
©
rlo
e

>

=1 VI, Rl AR

o
JE Ho

o] MPAFRE= of7tA o= 3 5EAA
A9 AEZ ALLE 7| E 1 AEA o]
2 o] &37| = o AUtk

g 12
2 2 oy
X >
Ly

N
=



dstan o] FHA 24 L BA /84S e

- o o -
mEbA] FEHAHS AGEAY o= EAAHY FH
2AH99S AEgstA Fetstr] HEiAE 1 A9 FE5S 1
d ool BEaelol e AY Al FHALN B
@ 24371 A7 desra AR
2 AT H digtuwoitfs s e FHEAAS 2
Aste] FELA BIAHS dF3sr] dg AT4=E, F
& - FFUSANE AAeo TS BEea B4
Brbehs A 5HoR S
E 1 MY =2
A | =2 M AR Bty
® ESXEEM|MIS 2067 Yotez2we oo|2EEESE
o O S8 = | TRl geluss olgstod ZE=olElet
~ | Z3rige (55322 FEst0] Zxee  53ststof
1985) | g sast oy
@) R JIMETIN 2 BER2WS Qo|2REEHSE
8235 |2 ey |E00)2 MIXEH||0|SSt0]  E& ol Etet
(1990 |77 T |BHXUEN A7 YA 24
T MNHT71R 9 AESXE|7|IMEXEE HiEto 2
® A glou/k711:|.\o1| EE1X|.°J+2 ﬁlr::}x: AIE*Piﬂl.PE o
é'ﬁ—i— éé‘,‘?j%" E—J = w0 "13:‘ ‘Lde Ed—\#._ Ed?EJ—E =]
PNE afodg] = od b = 2l XA
coon) |23 24 AEStD, oy Zexoddz ZXYUS MM
Y REEE e |24y
@ stutzsiool |ShutE sfatel Ze{xiel 7] A9IMADEOCSS] EX
23 | slatZe |2 2Mstd EXX T |XAEE C. FORTRAN-77
(2003) |RtE BI7b (Y MUXLEXET RN (ZR2IBCR B4
® Exx| ol M[470e] ZEX|IAo|A HEOIZ Risod T2 WA
AHE2A o] WASPOIE|EXEE o|8sto] Z&|sp Z2IYS 023510
(2003) |A 8FAb T |ofZo| METHEIL HT |24
® g3 MB7I|7|x|o| BEXIEE o|g|7IMBEXRE B
= 604 Z2xlels B A o e wm
s (xol 22 |SIOLGUNEE EA|Une T By AFRe
(2005) |Abel 24 FE2ds 24 o =2 JH(WEAP)Z 0|8

Aoz F&H3 FFS ARG 0m EoloA
F@o 2y A4 T-dd FHEAV Y sEEols
o 45m odelil, FHE FA woleh e A G
of mel Metng, A5 wold Al FHE FTHUA
o] Fu Eol7tA wWAstelop & Favt ot

Eolo we F&e wahs AAUNAAZTAA s
How wAFt

i e T (1)

A7NA, Viee 268 Eolol A A& FH0l1 Ve =
o] zo| Aol HAZFHoITED A7|A A xHe] AT
2 A5 gE d¥rdo® He ouin mjn
ol A 011, 2 #Eoly IHrt ol weel A 0.15,
O AR AFA

EEL RO

rir
o
)
o
=
o
N
2
k1
o>
rlo
o
©w
>
ox
k1

O

2) R. M. Aynsley, Architectural Aerodynamics, Applied Science
Publishers L'TD, London, 1977.

20

A% FEARE FWeE AW ARLE FE5
4 dZar] fAdE BAA Wi ALg T @
ArolAe FEEHL wEeE 54 4 sow
FeA Q7] B A FY ARE BAFe F&HE
Be 53 + Qe Aotk #8W =TS (Probability

density function)= ¥4 WARHNESF(PV), %)E
A2 Ayt T3k, ool E(Weibul) T
= =2

PN = (B lexp(— (L) K

C
&, Ce Hiists A7 B

Ve didets gt F 4ol H
#dl el 5 (Scale parameter), K= w2X3te F49 #

zte] A7 S YElWE #4744 (Shape parameter)©] o

ool Bol= oW E M Hnd ustn AFEs =

A AsFelA Formg fRo EFEHEEA O o= o]

£33t Ut B AFAAE

o] g3le] E&AE ZHEAYL BAF
3L

) .
s P(VVE #3481 74 223 (F(V): Cumula

of7)4, FARERS FV)E BEE5(T)3 ofdel
#AN o ReHm, 1 Fole F
FRDE g S

V= fom VP(V)aV

. a1
=C[ 1D Fenl(—E) M H 1=+, &b~ (4)
o] AFtol A ofefo] Rl E A Aol =EE

V'=C"T(g+D),  gAD0 ST (5)

wulENYe solBgse A% C K e 7ot
oA 7HANY Tl AdAe b dAFH. FHTA
Aule] e Vi ndanz vel Vs o] &3t
C, K @& 73t Vo 228xe 4 G o8 o
T3 2ol A EH

0V3=CS[F(1+%)—(1+%.)2]42 —————————— (©)

Cge 2A37 A8 4 Gel VE d9d F4e
A4 @)o hrE, AW F opst Ve SHA2 o]
Auz 4 K#E Adbsta, 4 (Dol K& thdsks

Cg= Add = Advd

2.3 o4 X

stol & ghre] Al CoF Kgts okeol Aol uiglate]
AdsE ELAUAE 42T + Ak

P=tea[ VRVav=$eacrardy - D

A7 A, p= Y WE, A= FU)9 Euud, =

[ WA (md)olH, ol YA E %= (Energy density)E

3) F=FHAAAT &, WODEEA PEE", 1986, p133

Journal of the KIEAE Vol. 8, No. 1 2008. 02



=
‘l U
i)
i)
&
[>
Lo
ol
)
N
&
Iy
ol
SE,
M
1
~
Ho
2
Jfo
)
ol
&

obele] 4 o= thebach, AT saay] ekl BEAUL 99} o]
Y B2 Batel 29 1o BAT AL AHAAL, F
pd=P/A=izpc3F(1+%) ——————————— ®) }_ skel i 1 _]_6 . °°}"*J"‘?
K ) 9 pEgs BIENE AAD F 24 dude
A A EHE FHLAI AGES Ve, B 0059 98 HE 20009 897 197 FEd F
ATE Ve, SHES VL FH FRATE Co €84 g gase masan. #3089 3647017,
BES , M) EE g, W ok M2 TS ey 1070047 257, SIMRE H: 142m ol
vr v
Pea = l—pCPr]mr]g[jV3P(V)dV v [Pyay ]
2 7 z 2) B& |
" Fewd FuAe nF Fhxue w2y By A
= IKC [ exp(=(L) N () + ' expl(~( 1) A FEUA] SARE dZol} AANY H ws
< A Bew HY etk B2 EE molel 0m %
B R R — © d3s Aete] A4 0mE:30m A4 15m ¥ol(H
o] 7] A g:%pcbnwﬂgo];_, PeaZ 87604 7+ #abd < 15m)ell 242+ F&A S FFAE 19 29 #Zo] HA st
B oddel B, 88 g 2ol FAAE B} Ak #SFEE P15 NRGHALY AFL AEalen,
. 2AG FTFA L FHEAZ F3SH
sl=kc3fvc () exp— () FaE)=— 10) dlole] 27 (Data Logger)el A9l & 20 At
v o 7= NRG #200PE AHE eI, 1° 99w T3
S POV)E A4 FrARow T & AN FFAsE vy 2ANA A ZRaw file)
sol, AQe E 3% Prh NRG #40 F&Ae] E557
SQ=C3(%)3'CXD(—(LC)K) ,,,,,,,, (11) at, Al I 2o 5 ]- = 3
HA = lm/soll Al 96m/s7hA ol 2 A Y-S 1 49l YE
BB %Y (Pea)? AABAZE(Pro) WE FH0d

g d= e,
Aule] Awo] & B (ol S obelg p.

_ P 12)
O="p
3. HEYHAL ZHAY BE U EY
3.1 tist@m A FSHXY &A=
1) =LA
BEAe A Hge 1 Ade] FAALE R
A GelwA, Fak FHLAVE AAT F e AHS
wefsfor gk wekd H distmzgstsivel A 2w
n e wWolx siukr 2] A Ayl = S ulz| Ao AA
-]}o;u}eoj,f flao 11;22;:? jqﬁ;;] Eiolf}i];; il = o) 108w bol
o . A= A * b=
o o et . B 27A¢ Aoz AFwcy WrgA sy o Jeid
¢l @d&Fo] mAA ofYste A Gela, dr=rt Y o g - X
SE = O Mo =A ARas = iy ] ]
o SloiA FeuAAMuel HAs fANGIL Gojspn, L0 W MV S HuE el ARRaw file) 1
nwoh FAuc wob @ ¥ FAwAs] A A @y 1 BAE vmEviEd HEHes 49 A b
ofmA EH7E 2 gAel gl Felrh 7t Wed Wi dAY vrastes s4ekel A
B2 240] 7his sk,
e
e E 2. Hlolg 272: NRG_Symphonie
Instrument|12 channel interet-enabled micro
b type power wind energy data logger
. o wind resource assessment
=5 Applications I
/power performance verification
Sensor anemometer rain gauge/ opto
¢ R ; compatibility |/reed switch anemometer
" Maximum |16 MB MMC, storage 664 days
data 14 KB binary file per day
L Symphonie Data Retriever for
T Software Windows (included)
SHRME|SIAAESIS=2F] Vol 8, No. 1 2008. 02 21



\mo
A
ofr
~X
oy

xr
H
K

rvie)

X

Al

i

a1 | 2s0] FR

ol

o

tER TR Hi15mek H:

=
=

R

k=]

TES

3

d 32> ¢d

1

ol H:30mel

B

ence intensity)

2

HSOm’“
@

2

©

2

+-—H15m
™

R, S S

N

2

o

4.0
0.0

A1 30%, H:15moll A 36%°] A Tt

s

&

N

o

I

ol
<r
Hto
=l
H

Fill
ol

NRG #200P Wind Direction Vane

%E
continuous rotation potentiometric

wind direction vane

3

=]

ratiometric DC voltage

360° mechanical, continuous
Analog-Output signal is a

rotation

ZE5AH:NRG #40 Anemometer

(Hz x 1.711) + 0.78]
e wind resource assessment

(Hz x 0.765) + 0.35
e meteorological studies

4,

iz
ar

1 m/s to 96 m/s (2.2 mph to
214 mph) (highest recorded)

compatibilityall NRG loggers
m/s

e meteorological studies

3-cup anemometer

[mph

type
Sensor

range
Signal

type

Sensor

type
Sensor

range
Signal

type

Applications | ® wind resource assessment

Sensor
Applications

I
H

i
o

wr
Ho

cl

ar
o

—~

3|
&

Zas A

=
=

A

s

d

2005 99 H-E 2006\ 8¥7A 1

glo] e (Raw data)

WA A b
H o8k atob b7 2ol

bt

k)
el

= ol
o2 i

oS
sz
= Sk

[}

¥

A,

=]
T

A 2}

[e)

2) BHlE
e

u}
evailing Wind direction)©] 2}

}o]

o]

°o]-&

e}

=

o2

#E% 4

0

3

a9l
s

(MS Windows, Excel)
o

NRG -Text® 3k

EE
TES
&

=

1

2
Hzel A 20059 9€F-H 20061 347t

=

=

ZETT

sttt

F

ful

S

%:]_}\

ki3

=

uk
A 399 329m/s7t

7N
PCE #4

o))

| +%
o]} H:

th. 3% 60l

|
SEol A WSW =2

© 15 4

N
)

|
ﬂ_,mo

I

H:30moll 4] 2.6m/s, H:

o
7]

B Mo
A
Y
° g
g~
82
T
W o=
g

]
2005 9€ 3 2006

5met H:30mel A =34

o

=0

ol A o FHe= SE

Hell WNWH

o
=

= 7

B
i

a
Mo

qr
o

ox

=

Ll Bl
=
51212, wlw = Mﬂo iy
2lz|z|8|o|n|? T
= = - Y
JE ]
SEIEmMMmE ~ A
S|z|Z|888 |2 1
iof oF
E: o Eal
| oy | = o
ETe o) pa—
100 S o#a &S
o it 4r
K- 5 tlo
nl5z|_|z|z|2|2 ®
@l =2 Zlz|zlz A i
1Z127 15255 2 =
)
© 7 o
] nm
Elul_Izlzlzlz o
T BB B S W -
H to
D|o|—|N|— _—
By~ 17|y 3 v
S S Hlo =
ny
o
H
il s oo oot oo fo|o|of =
NIB|N Q|0 0| o< |O|K| (o
=3 Slo|o|o|a|o|o|—|o|a|d|—|c
e 5
‘.l_,_AI T
X —|st|o|o|a|o|w|vlmn|olm|a|a
OO |—|— N[N O DW= |—
T SR faV oV oVl oV eV RV e B e B FoV}
T
Br
.mvodl.
ar RoRIR(B|3|5S|x|R|B|N|&S
Hlo © olo|o|o|o|lo|—|~|o|lo|o|—|o
| S
AR |3
.rdl T
ﬂ ,E <t | O[O M| st 0| st|ov| 0
o O =S OOI— NN OO0 SO
o al|ai|al|ad|ad|ed || o ||| — | N
= o
T oF
Br
T A - ®
X ho " lolele] H
o g || |e
of K

2008. 02

Journal of the KIEAE Vol. 8, No. 1

2



(Constancy of Wind Direction)& 72 (2005310¥ -2006
W49)3} o] H(200695€-2006W9€) .2 o] I¥ 6
of ZA AT ALHLE UARE G Hol o FH
13-1541 = 4 B9 FEHE HolFa gl

0.40
——=—— Winter(10-4)
— — -+ — — Summer(5-9)
0.30
1
4
K 0.20 |
-
0 AL
\1:}0 - v - \k“ R
0.10 — 2 e ™ -
> -
0.00
1 3 5 7 9 11 13 15 17 19 21 28
Al 7t

[¢]
=3 B UA AEA AgHL A (2. 4 G),

e ol&ste] ST FH AR JolEEE AT

SHIMESHAARSEIS[=2F! Vol. 8, No. 1 2008. 02

30 I Frequency, % ——weibull distribution,%

Frequency, %
&

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Wind Speed, m/s, weibull(C=2.62,K=1.30)

a2 7. 2olsEx JM

5) x| Y=

ol YA %=(Energy Density: Pd )&= FTHAUS 274
st AZEA H30molA dFHT duxZEE 305W/
m', HaA= 39l 5TW/m'olieh, el yAE=e] g
2l (8)% ol g3l oen ¥ 8& H:30melA #=3 9w
oAU =e] W3S HojFr)

60

K AN

%40 r

E_I 30

Moo b

K

210 |

=)

0
R TN T . N . P
a2l 8 olux|2 £ ol wist
4, EHo|AX| 9 o &

41 E5 B

FTEAA7 9 s HE(hub)Eols B dAFdME F59
tEan 2 A4 ga3E un#de] 60m=E 2 AHsta
4SS BASAL 4 (D& o83 AEA 60m =]
ol o] THS A Ay BWAHTEHES 31m/solAL, a
= 0283019t 7| A= E 5ol AEsk H:30m ¢ H:15
m EoloAe] A& AHTTEHES &3

23



et ] BN 24 % B/ SAS - 29
£ 7 Mot Beuno| Ml 5.2 &
oy NSO/800 | NM750/48 | HJ-20-100 | V-20-100 ot e e Ee A Al Sl
8} o} A7 5 2 <] AN P=HAE7] 93
HZ AL NorDEx N IIEON| R Donrark & aﬁlgj}_;_g 1 gl:nx]@oﬂ i];;]-l:-go] SOm;} 1;moﬂ EEN
MABAKY) | 800200 | 750175 10 110 o Mxsle] E&y ES (U7t Bl B=3
Mot FT4 | 690V/ 60Hz | 690V/ 60Hz | 380V/60Hz | 480V/ 60Hz Fay ¥ Ao v 9¥ PYREE FuL, TL7)
H52 Slnew | SSionoor | Seooneco | aoorizeo | reoo ! HEONLE WAE SNE U FAe Wk sl
=4 AS/mZ | 25 - 30/ - 28/12 45/13 BAF T AuARER S
ZcyES mis| 2570 25/60 24/60 25/50 H oletalolibzls] ~ Z=we] Zalxee 38 o] H
AV a2 o | 2anahees | 18-o71a00 | atoa0 46514 6OmAI A RAFLH(=3.1m/s)7]F o2 AUARES 42W
BOA/2E | 209159 | 285135 | 54112 46/16 /MR AFHYIL, TE0KWH FHEANE S A8
Rotor Regulated |  stall®| 0f stall stall - A3 °F 364 KWh/y/] WA LS o= = AT
tianes | w | ® | - | - A e R e e e e
Aol gout Az Fue] EeAe BAHol o)
of A AHE FolR F GeTh ¥ 7= AFE A9
B AAe FAAA AEARE Fahol TG B4
o ot FTEEAY TteAd s BAst do=r ¥ F e Vx
% kg o7 ga R
dow BHARe ngd A4AEd BFRA S
i3 B U o AN U AEE AddAe FALAl B AT}
FAUAI = AFHAL B ASFS somis 0 IR ALE AER,
olgloll A 71 E53=E A 2e NEG-MICON NM750/483} _
NORDEX N50/800 27] 71%& AAssich. A48 wa ® 7l
Aol AeEAT AW FA4RE vgoz Fwy .
N2 AAFHAS 0, o guA LT Anjo] 8o 4 (9) J:’] :i%%* 2005 = sAYEne] QYo AAA T Z 7
} oy — _ A& wo} g E AT A(FAME:20050071)
4 (12)% ol galo] AFHZZ o2 4T
H:30moll A ol ER-EA = C=2.62, K=1.30°]1 An=3
oYX == 30w/ M o]t} 3]H o] H:60mol A Eﬂ

FEH(=8.1m/s)7|F2 2 o]l BREEAFE C=3.48, K=1.
A

700]aL, AUA™EEE 42w/M 2 AEEHL. 71EE F
) o] A7 ARFLHFN o] &ES k& 89 A3t
Rt
¥ 8 oizh wdzkn Md| 0|88
B NEG_Micon NM750 | Nordex N50/800
2EHEE(m/s) 3.1
Energy Density(W/m*) 42
Main Wind Direct. WNW
Weibull Parameter (C=3.48, K=1.70
Cut in speed(m/s) 3.0 25
AEP 321,900 398,500
AEP Average 360,200
Capacity factor 4.8% ‘ 5.6%

*AEP:Annual Energy Product KWh

Hy g oF 36WHKWh/y=, AdHjo] & &2 ¢ 5% =
oS lth H et mobat s 2ol o] ¢z Abg 12

&
I35WKWht Hlaste] & of 35%E dAlE 5 A= 24

o2 grhE

24

10.

12.
13.

L ANE, BuEg HPFGAL

L EAS AR,

. Ackermann Thomas, Wind Power in Power Systems, Jhon

s Willey and Sons Inc. pp.57-122, 2005

. R. M. Aynsley, Architectural Aerodynamics, ASP Ltd, Lon

don, pp. 89, 1977

oldy, FHAREA AT FUFE M8 A,

el YA &3] (KSES) =7, Al5d2%, pp.3-10, 1985
%7}, KSES+=1E3, Vol

= el

23, No.2, pp.35-41, 2003

AR, iAol YR o] Sk o] V] E AR A, 2002,
L AlEd, SEAEEA ] 9% T HHAA, KSES=E
7 A4723, pp.3-12, 1 984,
CE A s, FExY EA B4 KSESERH, Voll0, No.2, pp.
3-10, 1990
AAE, 929 ZAHY ¢ Ay 24 g o]z st
3] FASETRE=TH, pp. 217-228, 2001
FEA, BRAY A WAsPAIZA 4 o7, KSESET
A, Vol. 23, No. 1, pp.39-47. 2003
WA, He AEZIAY FY A 4, KSESw=#3, Vol

25, No. 3, pp.53-60, 2005

Z kA &

H A

ol 2 Agd ad
13

A
Enl
FA=EA, pp.139-147, 2006

(e}
H

_l°" o

A gzl =AY e S
http//www.Windpower.org/
http//www.nrgsystems.com/

Journal of the KIEAE Vol. 8, No. 1 2008. 02





