( )
49 3 Vol. 49, No. 3
JOURNAL OF NANJING UNIVERSITY © ©

Abstract ;

2013 5 , May, 2013
(NATURAL SCIENCES) Y
*
1.2 2 %% 2 3
b b b
(1. , ,210008;2. s ,210093;
3. s ,226144)
3 1 s
. MM5 . 2004
7 1 2005 6 30 10 m.25 m 70 m Weibull - 2
N , , Weibull
, MM5 1 km,
, MM5
, Weibull , MM5 , s

An analysis on the wind power potential and characteristics in the
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In this paper,the wind power potential in the Dongtai area,Jiangsu province, eastern China, was investi-
gated by both statistical method and atmospheric dynamical model. Based on the available ten-minute wind speed da-
ta, the Weibull — 2 distribution function is firstly determined,in which the two parameters are identified. With the de-
rived Weibull function, the wind speed and power distribution in Dongtai were studied. It is found that the wind ener-
gy is abundant and the atmospheric circulation is steady, which indicates that Dongtai is suitable to build the wind
farm sites. In the dynamical model aspects, the MM5 model was used to generate the detailed temporal Chourly) as
well as spatial(1 km) wind field in Dongtai for an entire year. The comparison of the wind speed and wind energy in

different altitudes with that derived from the MM5 model shows that the MM5 model can generate high spatial and
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temporal wind field correctly in Dongtai.
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Fig. 1 (a). Locations of the three wind towers in Dongtai. (b). Four nested domains in MM5 model(solid lines)

The resolutions from the outermost to the innermost domains are 27,9,3,and 1km, respectively

1.1.1 f‘<‘U)9 ’
, . 0 , Weibull
(g/m®), v(m/s), 1.1.2 Weibull [11~14],
Weibull .
) 7k v k—1 o v k
’ fe=c(c) e[~ (0) ]
T , (F>0,c>0,v>0)
1 < . o
Ww:?p ;v?/l\f FW(v):lfexp[*(T) }
N T s sk . 5 C
, , N , m/s. Eoc,



3 : . 303 -

1.2 , MM5
MM5 . 10 m.25 m
MM5 PSU/NCAR (Pennsylvania State 70 m .
University/National Center for Atmosphere)
N c ) 2
. 2.1
» MM5 2.1.1 )
~ [7.8.15] . ’
MM5 s . s
1 km C 1b): ,
120. 9°E 32. 7°Nj; D1 .2 10 m
27 km, 180 X130; D2 R .
9 km, 142 X121; 2 , 5 8
D3 3 km, 130 X112; m/s 10 m/s ,
D4 1 km, 100 X s 5m/s 7m/s
100. MM5 o 0= (P— 2.1.2 N ,
P,/ (Pu—Py,), P,, Weibull
100 hPa. o0 .
1 km ( ) 10 . , . N
, Grell \ (101,
.MRF N
N ) U, )
/ . ( oo =1. 225 kg/
MM5 : U.s. m’) , v, (i=1,2,
Geological Survey (USGS) 30sec . e 1), Rayleigh (
1. 25°, ),
6 h ECMWEF(European Centre for Me- ) 2.
dium-Range Weather Forecasting) .
: ’ 1< 7
84 h, 12 h spin-up v.= Zf;” }
., 1h 0.955 X 1. 225
,2004 7 1 2005 6 30
, 121 MM5 ( )
la s . N
, 1 km s )

, MM5
MM5



« 304 - ( ) 49
( ) ,
’ 3 ’ N ’
. 'vz 1 . .
Po— J Lo ferdo ’ ’
e 2 “ ”»
b
0 9f(“U) Weibull
b
s Vo U2
3 2004 7 1 2005 6 30
’
’ ; Weibull
’
l Welbull 3 s 5 5 — 7. 5
’ m/s R
’ ’ 7.5~10.5 m/s
0.14+ (a) —— Jan < Jul 0.9 (b)
o aFeb —- Aug ’
0.12+ i s-s Mor =—+ Sep 0.8
> ] i 5 >
% ook N Apr & -a Oct % 0.7
g 0. R — Moy == Nov g
g g Y2 == Jun  ~—= Dec g 0.6
= 0.08 - - g\ =
L 4 e
E N a ¥ E 03 + Jul
< = H ——
,_g 0.06 ’_/._ Y ._.é 0.4 o @ FMeb gug
w_ 2\ Y 03 see Mor =~ Sep
S 004+ Ay 5‘1_ ) - Apr = -5 Oct
Y- / AN 0.2 ¥ — Moy &= Nov
0.02 -p\ /g% | oA\ T g e—=Jun ~— Dec
15 AN\ il 0.1 7
Ve AT
0 | 1 1 1 1 1 1 1 1 ~ -] 0 1 1 1 1 1 1 1 1 1 1 1 1
0123456 78 9101112131415 123 456 7 8 91011121314 15
Wind Speed/(m/s) Wind Speed/(m/s)
2 ( a) ( b)
Fig. 2 Distribution of the measured monthly wind speed probability(a)and cumulative probability(b)
1 Weibull .
Table 1 Seasonal and annual Weibull parameters, equivalent wind speed, available wind power density,and

average wind power density based on measured wind speed data at different heights in the Dongtai coastal region

(a)10 m

k c(m/s) (m/s) (W/m*) (W/m?*)
2.44 6.42 5.40 180. 6 181.6
2.38 6.13 5.22 159. 3 160. 5
2.43 5.51 4.65 113.5 115.0
2.35 5.59 4. 75 121.6 123.0
2.37 5.92 5.03 143.7 145.0
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(b)25 m
k c(m/s) (m/s) (W/m*) (W/m?)
2.42 7.14 6. 00 250. 8 251. 6
2.24 6.68 5.76 217.4 218.4
2.45 6.23 5.22 164. 2 165.3
2.35 6.39 5.40 182.9 184.0
2.34 6.61 5.61 203.7 204.7
(c)70 m
k c(m/s) (m/s) (W/m?) (W/m?)
2.76 7.96 6.48 320. 4 320.9
2.39 7.14 6. 06 252.8 253.6
2.90 7.11 5.76 222.7 223.3
2.74 7.28 5.95 245.7 246.4
2.66 7.38 6.07 260. 2 260. 9
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Table 2 Seasonal and annual Weibull parameters, equivalent wind speed, available wind power density,and average

wind power density derived from MMS output hourly wind speed data at different heights in the Dongtai coastal region

(a)10 m
c(m/s) (m/s) (W/m*) (W/m*)
2.57 4.95 4.11 78.8 80.5
2.59 4.95 4.11 78.8 80.5
2.41 4.15 3.51 47. 2 49. 6
2.66 4.73 3.89 66.7 68. 6
2.51 4.53 3.79 60. 6 62.7
(b)25 m
k c(m/s) (m/s) (W/m*) (W/m?*)
2.73 7.28 5.96 246. 6 247.2
2.64 5. 77 4. 77 124.0 125.2
2.66 6.21 5.13 154.6 155.6
2.87 6. 89 5. 60 204.0 204.7
2.64 6.54 5.40 181.8 182.7
()70 m
k c(m/s) (m/s) (W/m?%) (W/m*)
2.73 7.51 6. 14 270.5 271.1
2.54 6.72 5. 61 201.4 202. 3
2.66 6.40 5.29 169.7 170. 6
2.87 7.11 5.77 223.8 224.5
2.66 6. 94 5.72 216. 2 217.0
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Table 3 Seasonal and annual statistics between the MMS5
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output and the measured wind speed at different heights
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