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Nomenclatures

A : Scale parameter [m/s]

Ay : The average horizontal area [m?]
b @ Constant

C, : The thrust coefficient

D : The rotor diameter [m]

g . the gravitational acceleration [m/sQ]

h : The roughness element height [m]
K : Shape factor
k : The decay constant

s ! The cross—section facing the wind [m?]
u : Wind speed [m/s]
u® : The friction velocity [m/s]

V : The wind speed in the wake [m/s]

X : The axial distance from the rotor to the point of calculation [m]

Zy : Roughness length [m]
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SUMMARY

Occurrence of environmental impacts on the earth makes it for people
to be focusing on using of conventional and renewable alternative energy.
Especially, solar, wind and solar-hydrogen energies are been getting
interested. Recently, technological developments for the renewable and
clean energy generation facilities became available in the energy market.

The wind energy can be transformed into electric energy that we can
use. Above all, it is important to estimate wind resource and production
before establishing wind turbines. First of all, wind energy is correctly
analyzed for wind energy industry. On the based on that, the suitable site
and a proper wind energy generation turbine can be chosen for wind farm
to be designed.

This thesis presents WAsP that has been made by Ris® national
laboratory of Denmark and used about 70 countries. The Wind Analysis
and Application Program WAsSP contains models for the vertical
extrapolation of wind data taking into account sheltering of obstacles,
surface roughness changes and terrain height variations. In order to
assess the prediction of WAsP on Hangwon wind farm, real production
from turbines and preditions WAsP has been compared. After all this
thesis explains utility value of WAsP prediction that is used for choosing

the best turbine and location can save money and time on economy.

— viii -



At QM. Anderson 1992, I Troen, E. L. 1989]. tlH ¢ A =9 949
FH M ARE alste FHAUAE MRS FA duAdsTe shfelth
ol g FHAUA Y o] &L F7] 2 FAES HA= AR AHES =0
A st 27 282 s AV]E Atk sl o] ATHA. Clarke 1988]. ™
A m o] o] A oA oju] FH AR 7 Al UAPe Hi 20%H =
o] 7] A4t HokE AAsHa QT

TYLAAN =L Fe vEAd S o] &ste FEA AqUALoEZAN AL A

AAA ez dAfol mxHa = Al&adolth 2y T YA

rr
e
=
iy
X
o,

A Al Aol GHEAE M, 2000].



)l

el

145 2 AGelq FolA = uhetel

9]

o} o
1o T

ok
o

o

R

T+

o
f54

iolth. ey o 7hA
A A

o]
Py

o
o

o
o

|4

O
~

7}l

]

i)
JO

7] W &Eo]tHYu Fat Lun, 2002].

P sw Fgely FAhe ) 2tel

3|

P

B

N
]

of

Rus

<l

-

=3

E
=
=

3 A1

9

_?,’I

[e)

H=

faw

A7b AA ek

]

)
'LO

vtk Rist 5 ¢ A

Azge] w

o

R

=4 T2

298 vighd o] B (wind data)

o]
T

al

S
4

A= 37te)

A
Sk
]

=

o=
o2

)

I

=T E 9 70%7} 2kA] o] B =
A=

8

A
=

e
F&= o gl
<

o
=
A

&
=

AF
o

a3

Hoy 2

R

R

=

ST
o

22}

&t

o
[e

3

WASsP(wind atlas analysis and application program)
Taol A 1987 el AT ow, AA AA 70 =] et A

22 o8 M9 7]

A=)
24

I

S

H)
|

A E Ao 2 DGPS-53 F417]

ok

ol

ol

to 0

5|

(map editor) ZZ18S o] &

|

=z
WASsP

Bl

T2



A dolg e} Wil -

Al

o,

Al
2]

24334

o

gt

o

29| ggo] 753 EE WAsP T2 139 Wt

gt o5 B3 WASP Z2#S o] g3t

hul

.=

T 7o

of

H

O



WAsP T2 13

II.

PC-Z & 13 0]

—EE]_'

=
[6)

o 5ol 7t

Zage vhgelsel

3L

WASsP

=
=

+ 2] & (terrain)

for

o

A
= 2

AA el A Aol whet

M
e

puzel

<7

o]
K

—_
o

o

-

22

= =3
54 =], 54 X

1o A

S

=+

+717F

5 ©

e

AL

KN
=

A = "W (wind atlas method)

3

&

=, A 7]¥H S (scale parameter) A%}t

oy
pitd

A4r
o

el

O

|

o

Weibull

e
Al

A @ A (shape factor) K2 HALE

g

7

o)

o
ar

o]
K

o

—_—

A4r
Bo

)

oA u, of

2003].

o

ol
o

=

1

Troen(1990)¢] BZ Rd ¥ X

ke
g

WASsP

. A2 AL o}

2 A=
= ©r

9] #5 A%F 7l (profile)

olFA A

kel
T

Aol = 30° 1+A 9] 1270 A E el AdEh. WAsP

1719} Zell=o 9% o5 19

£

7

3T
L

o] A

nE

X0

el

£ 7 Ay

& delH

£
g
A4r
Ko

o

I
i

s
a-

|

H

S

tl’l—

=
=

Hl& %] %= (wind atlas)



) = o] - ()] <1>

Fig. 1 The interface of WAsP

1. WAsPY +4

ol# gt vhgt A& WS o] &ste] WAsP Z2Ie g 2ol A Al

A Aws BGGor T4 Hojgeh

1) A& kgt blo]El(raw data)e] =4

of @A = ASA A wgHolHE OWC Wizard & o] &3k A



2) vk A% ool ¥ (wind atlas data)e] A
FAE ntEdolHE gAEW g dEste] vigt A= dolHE Rd ") ni
A& golg oA ol A A7 (roughness) ¥ 2 %43 olyx Ww7l FAEH

3, =3 vhEgu ol Weibull X 227} zhzbol] ths] R E T o] nig A%

gl 54 Ao Adush guste] TAe] v AS Angs welErh
3) vt# 7] % (wind climate)<, 93
A€ Ay &g deolE e Aldte vyt A= dloly, 2 gAEHS ol &

o= ZF e oA D=t

o

ol WAsPE whgh 7155 ZAibeid wigt 7]
2

, BE S, Weibull £E50] W (%)F2 TAF I, At UA Y FE= A

I

) %9 oA (wind power) FA| 2] o=

FaFE FoluAe A7l= WAsPel ofa Alitech Avrt S99 2 7] 9

M
)
Jm

oY

g=rido] Folzl FEjol A WAsPS S 7]e] |zt ol|AgLds o



2. WAsPe| 2d

W Aol gk FatoluA e Ad#Fe FA4sta, SAT AHelM S47E

s =
=

Zeuaslel te ATl ANFE dZes AE AbolH(siting)o] 2 Tk,
o e

f

8

WAsPe] 4&3 oS5 fleir= SGAAGite)o] AFe] deE

7h Stk WASPA L whel g Ft AW gHE 200 3744 Beow

Fig. 2 Roughness Fig. 3 Orography



I . e —
- L
P =< o
> f ;-
W aar’
L4

Fig. 4 Obstacle

2-1. AZ7 24

EA AYge] AAZE AAY] Qi(element)e] X} Z7)o] o9& AAE)

AuHom 474 Bgom FHsn Utk 4 A Hde A 57

(roughness class)®] o= e o] Xt}

- Roughness class 0 : & A9 (¥jt}, &4+ %)
AZ7] Aol (%) = 0.0002 m
- Roughness class 1 : &9 &3 1 ~ 2719 UFrto] EAsles €3

A7) Aol(Zy) = 003 m

- Roughness class 2 @ J 2 o2 ulg Zol& 7140o] lkm FESQ

(g Zol = Atolol= Folzol EAEA F= 530l

AA7] Hel(4) = 010 m

- Roughness class 3 : F#H o2 vld ZAojE 7+Ao] =W ujg oo &4



de =ARdoY & A

71471 Ael(4) = 040 m

Fig. 7 Class 2 Fig. 8 Class 3

2-1-1. A& 7] A= (roughness length)
AA7 AxE Letes A% Z7](length scale)oll 93] veElol x| =d], o] 7] A
HE BTl 00 HE EOlE BT

ot AH7] anek AAY] Akl wA

UERA Lettau(1969)9] 4 @42 th& A (2)9F 2

Zy=0.5 i%l 2)
H



7], h: AZHY] 249 Fo

s ¢ vheka sk WA

do
1>
®

)= & =E(porosity)e] 719 09 gte= 7hgsta vk 5 AA7] a4
= Fogol gl mAlga g E

SHEA7IE oA AFS Ade] e AFIE ek A=l e
el Eedv Fig. 9%

gue) 543 AA7) 4%, aen AR

_ o =
s, Aed %Y woez d

ot
N
.IO.I(.: —lo{r
2
fo
B~
BN
=2

European wind atlasell A A A1E =&

7l THES dEha o

080 forest

050 eburbs

D40 3 (040 m})
0,30 shabar baks

D20  meahy reks whdlar Biushes

005  Farrrlasd with spes Appearance
083  Earmland with very fow Buldingsfrees 1 {3.03 m)
082  sirport areas with Buddings and trees

DCOE mown grass
D205 Beare sl [Emasth)

008035 sand serfaces | smaoth]
0.0eaz O (DODE2 m)

Fig. 9 A table of roughness lengths

_10_



2-1-2. &9 9] AR (roughness of water)
FTH dFS T Fre BAY AV vkt FHo R
Ao} o] qHol FTHo JdFE T AN FAeY Y nWAEH S FA

S o o9 A3)ez yelE 4 i Charnock, 1955].

Zy = b-“7 (3)
o1 7]1A, b A
g TSR
u? bR EE

WAsPl Aol A7 &5 0 ()2 At gt 9 2 Q)e] Arkgto]l LA%

o,

2-2. 24+ A8 E 9 (orographic flow model)

Fig. 10 A perspective plot of the Askervein hill

_11_



Aol =old HlEo FElE Askervein® Q9o A e AdAxnzHE EA9
CHTaylor and Teunissen, 1987; Salmon et al, 1987]. Fig. 102 Askervein 14

o] FAPHULEE HolFa

2-2-1. $9 4 &

olN

7+ & ®) (horizontal speed-up profile)
2ol Al 10m Eole] Agld mE $£HA FTH THFE 54 dolHE

Fig. 11 A A &4t}

=T - Al T
qi0 e =
= =4
k|
T
—1.0} 1 i
] il L] [BLL]
IFisbnmce m nwelers Do bl cresl

Fig. 11 The experimental data with the relative
speed—up

o] 7)ol A gt E 45 (relative speed—up)-> T2 21(4)9F Eo] AolHt)

ANEZZR = (U,— 1) / U )

U, sb U, & 247 2 ole]l AAst Aol A e F42 ougrt =

g dolE= AHom FAEAL, AbehA Y R Aits AP or FA AT

’

_12_



2 v,

o] A%

A

a4

e 54

-
Hlo
Iz

ﬁo
B
ﬁo
BN
—_

~
Njo

|

2-2-2. #3834 F& 57 FH(vertical speed-up profile)

Fig. 12 Upstream and hill-top wind profiles

=5

il

;o_

Br

Fig. 12& o©]

M

el
o0

Bo

d
A
R
A

k)

ﬂr_wo

Cl
X

)

Njo

o} 5% o]

3

1RSI Re)
15%°] &4 F3Fs F4 "ot

ol =

o) AY AelA kole W} n}

o,

Askervein 9199 AT} AF(upstream)ol 4 2] FA] 9]

ki3

= 7d71eloF

T
)

N

el
o0

‘..myo

S
T

Fig. 13

1 1 oA

= o0
1. 3

gl

S7h&ol oA

&

_13_



L
1o,
>
ol
0%
1o,

([1] [ H -
. ‘_,...' b -
_= upEirasm profile "'_,:"-. 1
= k4 ?
3 1 | .
8 4 ol
: H 4 .
é _,-"?. A E
w | F ~
1 & e
£ .-
= .-__.l" -
& wll pap proflis
T r o ! =
Iy
.'.-.-
(TN | F - 3 -
£
Kz
i i i i 1 | - _I_-_I_I
L | 1 L B 1i [} L4 L& (1]

Wiridl speeed frm

Fig. 13 Wind profiles recorded
simultaneously upstream and on top
of the Askervein hill

2-2-3. WAsP9 5 EH(the flow model of WAsP)
WAsPel A= 53 A3 dd A 5 Ao Ao g 55 Aitst]

$8lA BZ-modell Treon, 1990]8- A}-&-3tt}. BZ-model <l

o] th3gt Jackson ¥ Hunt o2 HIES F3 JtH{Jackson and Hunt, 1975;

Taylor et al. 1983]. o] RRA FX|A S A 2+ AR (grid)ol] =olHFA



o

o

shA "t

e

28 A [Bowen and Mortensen, 1996]

_ZTI

2-3. )& =2 d(the shelter model)

H

Z} ol & (shelter) @ oW =] 3 of A

&)

sb Aol el wik i
Fo A "ok AT7E Agelx e Hrsrtet

3%

o]

HAL €t

U

A A

Fll & e 2 fE

A
o

Ay Jo JgEEyTEe yieg

i
a0

Ctance from obetacle/height of ulwlacs

20

1

Fig. 14 Profiles of the reduction of wind speed

behind obstacle

g9 o=

ey A A
o 1

WASsPol| A

_15_



ZH Ao HE ouatal dntHow AELS 0, YFEL 057F AE5oiAa A

o] Zole] 1/3xtele] tAo = HAzo] ujAH 3l

o
o

_(’)_
Al "t Table 12 AAA oA WajAHe] vpe] e T5E8S HElx

ATt

Table 1 Windbreak appearance and porosity

Windbreak Appearance Porosity P
Solid (Wall) 0
Very Dense < 0.35

Dense 0.35 7 0.50
Open > 0.50

1

WAsPAl A= Aol vtz i Feflas FA ARgst vk d

=]

a7t

olf
o

NEo A Ho 507elrl, @gelA A% Aol FolE HAHE(obstacle
description form)el 7] A13tA At} 717re] FoBESS A Ao Ao A Al
A5 FE, ¥ol, weold gow dsd Ak

o=t AR 249 TS A= 38 Eolvt SAAMARY =i, =
A AN Aozl ol S0uiel FefEeol EAsk= Bl o] EAE Aol

=z

2 % FojEola} sta 1 99 Ao ALsY o AsA Aok,

_16_



a
L \ﬂ"”’r

[.] lﬁD m.

Fig. 15 A single obstacle for specifying obstacle to WAsP

o171 A,

al @ NollA A WA 71 eke] Zbe(e]
R1: 3 WA ZY7A A [m]
a2 @ NellA 7= WA 3ol Zhe (0]
R2 : 7 WA ZY7A A [m]

h: AQE ¥o] [m]
o= zlo] [m]
P 549 ¥5%

_17_



=
=

2-4. A BAF 4

& B3z ool A €]

(power curve)¥}

Ho

)

—_

T J AL

3

A9 g5E 2

2ol Tasty, o

L
R

S 47} 9 European wind atlas, 1989).

=X (power density curve)S <

=
=

B AAFE 9

2-4-1.

)

Pr(U)P(U)dU

Ll

21(6)3} #Zo] Weibull $H+=2

Ko
=]

o}

P
T

TR

FEUL

]

o

o,

(6)

¢
"

A =37

ol 71 A,

BK
&

ox

B
U

el
X
Hr

%

g
&

R

il
juy
e
0|
Hr

™
_Z#.E

q

I

dl, AA

0] =
AR -

_18_



=

o)
poS

2~
T

14

Z A

T2

3}
=

o] BRE M (piece-wise linear)

&

I

o

i

A
o

(7)

(U-U)+ P

P — P

Vi1 — Ui

Al
2]

29

KeX
=

A ® tH[Petersen et al., 1981]. 21 (7)

S

(8)

= (G4 1) — Giay))

i

PP
Qi1 — @

ol el 1k ol o

2-4-2, F712 X9 Jg

wmv..o

o
U

Ho

ToR

Hr

S 15°Ce #7)12x 9} vt} ¥ (sea level)

pul

31255 kg-m 3o Fr|UEE gxow A gtk WAsPo)

FHaoR

_19_



17] el Ao 7h

3 7

3

N. O. Jensen(1984)el <]

R

t], WAsP| A &

L

R

o

olo

oj
Gl

s
ok

—_—

0

"
;Oﬁ
+

ol

)

L1

O

/

=] ﬂ__
amll

output

 @ulang

—u

C N BEE D R TR RN B

Fig. 16 The model to calculate wind turbine

o

1 melo] 488 5

3]

9)

7]

D+2kX

| A} F ol A
V= U[l—(l— T—C))(

kel
o meo]]

[e)

it

Rius

<

g} 239
o},

=

o3 9y, 2d
sl

S LRk

°]

(U,/U)*

(1-0C)

ol 7] A,

_20_



el
Hlo

o)
<!
uE
fok

G A4

D:

A A 7kA 9] %W (downwind) A ]

=
=

A 25H

X

A 27hzde] 4 o 2

3

%

[e]
=y

A%

- 21



FAAGo) N FARAY} & 155717 AAHoI e o] FoA B4
oA 714 AEAH AT 557]%o] 5 B0l 30melZ rl At 45mol

2 AAET. A&E dSS fdl LAY s EEole FEHE SRt

B 5578 AL ymAle] FHTA s H izl 45me] Edi(pole)E A

¢

A =kt

Fig. 17 The picture of data logger in Hangwon
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7 (data logger)7t AFRE A A3 W22 = 4o HFHE
olar #Aete A4S AXA doh

F 47 Maximum #40 Anemometers AF8-3Fo™, 0.78m/sol A 71HE 3k
I A 30mola, RANSE 0.764m/sec/Hz2A] AP H o2 A 57t A

ot} EFeA = 7pAA A 9] 200P vFEA A7) (wind direction vane)E ©] &3]

a

!

o AP FHo 1.0%(L 05%), WHSEE Im/secEA 22 TR &
o £1.117C, v = Al £0.33C, @HAETE 53, A713 AGFe 250uS
oty ti7Itel S-S fl8 BP-20 b= AN E Feqlon, of Ao BHAY
T 0.046V/kPaclH, Hrl 01%9 AP =E AL vk o|vfel = AL
= LI-200SA Li-Cor PyanometerE AM&38}iom, AAlgko] HlHslo] vjidF
7} & 2% High-stability silicon photovoltaic 224 A== 127147 2%0]
o g A PRl AHE FATTAEE, 2003].

P FTHTAEA o AFS ALl JHstr] 218 GarminAke]
DGPS-53 2171 & AFE3sl9oH, Fig. 182 DGPS-53 FA1719] E&53 FEd

W7l A% 2Hek 24S dehila gln DGPS53 £4171e] Ap 914
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Fig. 18 DGPS-53 & location
for a turbine

Table 2 Specifications of the sensor

Raw Sensor

9300 Data Output

Sensor 9300 Resolution
Output Range
Maximum #40
0 ~ 120 Hz 0 ~ 91.63 m/s 0.271 %
Anemometer
0 ~ 10 k ohm
200P Wind 0~25V
. . 3 0 ~ 359 degrees 0.271 %
Direction Vane 8 “dead band
about north
110S
Temperature 0O~ 25V -40 ~ 52.5T 0.271 %
Sensor
LI-200SA Li-C 80 ~ 100A / 100
o '/ 0 ~ 3000 W/m? 0.271 %
Pyanometer W/m
BP-20 785 ~
0~5YV 0.271 %
Pressure Sensor 108.6 kPa
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Table 3 Specifications of DGPS-53

Power

8-35 VDC using supplied power/data cable.
surge and revers polarity protected for
up to 80VDC. current drain-95mA@12VDC

Frequency Range

283.5 - 325.0 kHz @0.5kHz

Data Rates

200/100/50/25 bps

Input

RS-232 or NMEAO183, 4800 baud

Input Sentences

Binary(Magnavox), $PSLIB(Starlink)

Output

RS-232 4800 baud

Output Sentences

RTCM SC-104(6 of 8bit format)
NMEAO183 version 2.0

Pulse Per Second

One-Pulse-Per-Second accuracy ; %1

microsecond at rising edge of PPS pulse

Table 4 Precision of DGPS-53

Error Range

0.5 3 5
(m)
Precision
5 50 95
(%)
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Fig. 19 The picture of EOC in Hangwon
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A F3kE 45mel Ed Y= tS-9 Table 59 #a1, Fig. 200 Lo w&

Far Sl

ofs

91718 Ao

=]
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Table 5 The location of turbines and pole

Turbine NO. X #F3x Y #x% A% A=

Pole 183358 57026 126° 49° 18  33° 33" 35°

15.7](600kW) 182604 57010 126° 48° 49  33° 33° 34
235.7](600kW) 182786 57098 126° 48° 56  33° 33° 37
33571(660kW) 183064 57044 126° 49° 7 33° 33° 35°
43571(660kW) 183316 56938 126° 49° 16“  33° 33" 32°
53.7](225kW) 182545 56829 126° 49° 46  33° 33° 28°

65 71(750kW) 183586 56898 126° 49° 27°  33° 33° 31°
75.7](750kW) 183707 56710 126° 49° 31%  33° 33° 24°
8%.7]1(660kW) 183489 56757 126° 49° 23“  33° 33" 26“
95 71(660kW) 183667 56402 126° 49° 30“  33° 33" 15°
105 7](750kW) | 183274 56743 126° 49° 15°  33° 33° 26"

115 7](750kW) | 183152 56530 126° 49° 10“  33° 33" 19°
1235.7](750kW) | 183365 56404 126° 49° 18“  33° 33" 15°
13571(660kW) | 183164 56271 126° 49° 10“  33° 33° 10°
145.71(660kW) | 183429 56112 126° 49° 21° 33° 33° 5°
155 7]1(660kW) | 183277 55952 126° 49° 15 33° 33° 0°
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Fig. 20 The location of turbines and pole on the map
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4. A& o] A (simulation)
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AFE Y A 25m HA9] S A=eF DGPS-53 41712 A 99
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Fig. 41 AEP of turbine 13(660kW) on WAsP
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Table 6 Predicted AEP, power density, mean wind speed, wake loss

and predicted total AEP of each turbines on WASsP

FAOTEY D gaee | L agape | U E
o 1 4| loss AEP
7] (W/m?) (m/s) (%) GV Gwna)
157 537 7.34 2.36 1.641
235.7) 537 7.34 2.75 1.634
335.7] 529 7.28 4.16 1.952
437 523 7.24 8.22 1.851
557 458 6.82 2.15 0.606
6371 512 7.22 6.01 1.993
75.7] 479 7.07 10.63 1.828
83.7] 520 7.24 11.29 1.790 —
9% 7] 390 6.60 8.46 1.569
105.7] 508 7.16 6.64 1.957
11357] 481 7.01 5.04 1.914
12357] 449 6.90 10.55 1.755
1335.7] 447 6.79 3.75 1.730
14357 363 6.40 7.95 1.490
1535.7] 335 6.25 3.16 1.494
3 471 6.98 6.21 1.68
P FTEHLADA Y HALTHT o FTHAHe
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Table 7 Real AEP, predicted AEP with roughness and predicted AEP

without roughness

AEP o AEP(GWh/\d)
A A AEP(GWh/)
=) Roughness/error(%)|No Roughness/error(%)
1357] 1.236 1.641 / 25 1.630 / 24
237 1.160 1.634 / 29 1.624 / 29
337] 1.599 1.952 / 18 1.988 / 20
437) 1.641 1.851 / 11 1.911 / 14
53.7] 0.643 0.606 / 6 0.606 / 6
63.7] 1.790 1.993 / 10 2.075 / 14
73.7] 1.785 1.828 / 2 1.976 / 10
83 7] 1.492 1.790 / 17 1.976 / 22
935.7] 1.324 1.569 / 16 1.911 / 31
12.67 14.864 / 14 15.697 / 19
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WAsP(Wind Atlas Analysis and Application Program)

L

fu

1 -ofl A

B
L

T O® O« e ! 5 i
o i
TR W & o ) x
oo o ) . <A .
L o u
N e 0% o B o oy o
o X o ud R
T AF N T
, # T
W " =) —
ORI ol 7% o -
a's X " 2r N =0 X0
= om g e oF Gl LI
N w m W 3 o o
[~ M, T —
oW Ty wm = o g} S
T T = oy oy 2K
ﬂ & ﬂ = N P o ﬂm
r ¥ oz M moOWE
PO Do o T B S
Jo T4 X N = o =)
W ~ s A X
o ) oF 9 il ~ 0 o
Com 2 m T H % W mﬁ
o) Ho o 0 My 3
X ¥ - ® W %_V o T o
wow 5w 9 AL . G
w o &oam v = = o T 2
—_ o) ) o X
LT S NS Wl o RO il
s K T X
S S TEE oy oo B
o @ * oo T Uy W w2
®om °0wm Koo gy ™ 9O nxm
14 o % Mm KOS M W T
s
f2F Y Rz EE T
- ™ ~ ﬂl o H _Hﬂ il X ,W%
TS oE T o 5 -~ < T ¥ w o
I
n. 3 X ©° B
do W ooB mX om oy 59
) s AWn L%U A= e 3 oE K ® = T
o RO . - > T - B
G N w % il

5HH,

°

=3
[ =

)

M)
=

glo]

< 7] €]
Ao

<

H 15

T

] =]

7

5
A7 ¥l ol

71209 1
— 53 —

L

JE

A

3

_(H

o2 WAsPS &+

=

=

ol



)
m}]_tl

o
o>

o2l
ol»

r (

flo

o
o

oM.
ot
fol

oY
N

o

o
N
o

o
)

o

VI ZFaEd

‘¥ T sdEA g 2 FRel #e A7, AlF st AApet
Q=5 2003
‘AT FEA Ak AP FHEINE Blade® HAMA", AlF
i gtal AAEh9] =i, 2001
Bas, A, Fee, ATH, BAAHAAY WASP d54 F A
7, 2003 g=FHEAT 3 dmFH e 2 AA Workshop, 2003.
T4e, FTH, FeT, “BEFAGA WASP 54 HY, e
ol =]38t3], Vol. 23, pp. 39-47, 2003.
olsd, F94, f5y, dFH, W, S TEAY 54 2L A9 B
A, d=mFE7lEd T3], 2003
A& F9H, olFd, §5Y, WAsPS o] &3 9 ZFdubd o]
A% dS, SEeluA7EdTY, 2002.
dEd 9, AFEd FHEdd 9 A 2UH" 9 37D, AT,
2002

FAE I, “EODEEE A & S N EN T, ek, 1204 8/9%, 2000.

R.J. Barthelmie, M.S. Courtney, J. Hdjstrup, S.E. Larsen, "Meteorological

aspects of offshore wind energy: Observations from the Vindeby
wind farm", Journal of Wind Engineering and Industrial

Aerodynamics Vol. 62, pp. 191-211. 1996.

Bernhard Lange, Jdrgen Hojstrup, "Evaluation of the wind-resource

_54_



estimation program WASsP for offshore applications", Journal of
Wind Engineering and Industrial Aerodynamics Vol. 89,
pp.271-291, 2001.

Yu Fat Lun, Akashi Mochida, Shuzo Murakami, Hiroshi Yoshino, Taichi
Shirasawa, "Numerical simulation of flow over topographic
features by revised k—e models", Journal of Wind Engineering and
Industrial Aerodynamics Vol. 91, pp.231-245, 2003.

Zekai Sen, Ahmet D. Sahin, "Regional assessment of wind power in
western Turkey by the cumulative semivariogram method",
Renewable Energy, Vol. 12, pp.169-177, 1997.

N.G. Mortensen, L. Landberg, I. Troen, E.L. Petersen, "Wind atlas and
application program (WAsP)“, Ris¢ National Laboratory, Roskilde,
Denmark, 1993.

[. Troen, E.L. Perterson, “European wind atlas”, Ris¢ National Laboratory,
Roskilde, Denmark, 1989.

Niels G. Mortensen, Duncan N. Heathfield, Lisbeth Myllerup, Lars
Landberg, Ole Rathamann, Ib Troen and Erik L. Petersen, "Wind
atlas analysis and application program; The standard in wind
resource calculation and micro-siting", Ris¢ National Laboratory,
Roskilde, Denmark, 2003.

A. Clarke, "Wind farm location and environmental impact", Network for
alternative technology and technology assessments C/O EEDU,

The Open University, UK, 1988.

_55_



M. Anderson, "Current status of wind forms in the UK", Renewable
Energy System, 1992.

Erik L. Petersen, M. G. Mortensen, "Wind power meteorology, Part 1:
Climate and turbulence", Wind Energy, Vol. 1, pp.2-22, 1998

Erik L. Petersen, M. G. Mortensen, "Wind Power Meteorology, Part 2:

Siting and models", Wind Energy, Vol. 1, pp.55-72, 1998

_56_



A=

T

ol FEHH. As

ob =

PRl eFot7lol H2

5

o]

um
™
il

o] Al7]7} opw

gtof ojz] 71X

22 ZAol o

Y,

{1

sl F A Bt e = nlE)

W

A

o|J

o

ol
gl
N

—
ijo

T+

Tor

—
Ijo

B

ol

—
Ijo

i 4Fe) X3

Al
>

1 ol AojA HEX

R

o|J

Tor

o
Tor

&

ol
AR

o] g Alud

FAT Auld,

)

7 b

e 714

I
H

X

el

A=
=

T+

Y,

=]

=olA Eolol EAHE

=
.

E7E=

A

BlElE B Abgte] 2ol

-,
o<
.~
ok

VORI

A7lol Az A mFo] &

ol
LS

o} 7] A]

ol

s

ol

Fol gl

A

—_
To

ApEh

=
=

u]t

el

X

o
ojn

o

Jela

Y,

&

f

Bl
4

I

20039 12¥ -5 vhA A

_57_



	표제면
	List of Tables
	List of Figures
	Nomenclatures
	SUMMARY
	I. 서 론
	II. WAsP Program
	1. WAsP의 구성
	2. WAsP의 모델
	2.1. 거칠기 모델
	2.1.1. 거칠기 정도
	2.1.2. 수면의 거칠기

	2.2. 산악지형 모델
	2.2.1. 수평적 풍속 증감 형태
	2.2.2. 수직적 풍속 증감 형태
	2.2.3. WAsP의 유동 형태

	2.3. 장애물 모델
	2.4. 에너지 생산량 예측
	2.4.1. 평균 생산량 예측
	2.4.2. 공기밀도의 영향

	2.5. 풍력발전단지 생산


	Ⅲ. 현장 실험
	1. 측정 장비
	2. 측정 지점
	3. 데이터 분석
	4. 시뮬레이션

	Ⅳ. 결과 및 고찰
	1. 행원 풍력발전단지의 풍력자원 분석
	2. 행원 풍력발전단지의 계절별 예상운전실적분석
	3. 행원 풍력발전단지의 각호기별 예상운전실적분석
	4. 행원 풍력발전단지의 실제운전과 예상운전결과비교

	Ⅴ. 결론
	Ⅵ. 참고문헌

