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ninber of hours the wind is bettween v and (v+ Ao)
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Weibull probability distribution with
shape parameter k = 2 and the
scale parameters ranging from 8 to
16 miles per hour (mph).
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Weibull probability distribution
function with scale parameter c=10
and shape parameters k =1, 2 and 3.
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Rayleigh distribution of hours/year compared
with measured wind-speed distribution at St.
Ann’s Head, England.
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(a) e=10 mph

(b) e=15 mph
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Weibull distributions of hours/year with three different shape parameters
k=1.5, 2, and 3.

V'Y



Ciliaall Ma¥) A I8 VoY JSAY Lin VHAV 9 V Gle pud) (e JS 4Bl b cileLud) sae ¢
Yoo Ve ek g dslu/dia Yood e e el B de pudl pid Jal 0 k, V, h
dala¥) dgall Ao Gusad) JSG Cre cildadal) da)j) A& k 2aaad) i) Vo JSA)) A clbadad) o
Cra Kk JSA 3aaa dad (alil Ladic dadaal) o) JaY) ediig Ay Ande e la I k=3 Jal (me
A pud) ad 3345 2 s Aada G Gua € daaall o Baly ) Liagf Badig V0, ) ¥

(2) ¢=10 mph

Three-dimensional h-v-
k plots with ¢ ranging
from 10 to 20 mph and
k ranging from 1.5 to
3.0.
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Annual mean wind speed  Annual average specific power
Site Meters/second Watts/m?

Culebra, Puerto Rico 6.3 220
Tiana beach, New York 6.3 285
san Gorgonio, California 6.3 365
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Mode
Speed

k

1.5
20
15

i

3.0
L5
20
25
3.0
15
20
25

e

3.0

481
707
8.15
8.74
7.21
10,61
12.23
13.10
9,61
1414
16.30
1747

Mean
Speed

0.03
8.86
8.87
8.03
1354
13.29
1331
13.39
18.05
17.72
17.75
17.86

RMC
Speed

12.60
11.00
10.33
10.00
18.90
16.44
1544
15.00
2514

17

20.66
20.00

Pmode
Wim?

b8
216
331
409
230
731
1120
1377
1731
2652
3266

Pmean
Wim?

451
26
428
436

1521

1430

1444

1472

3604

3410

177
pu - ¥t )

B0

Prine

W/m?

1225
Bl4
675
613

4134

2748

1778

o700
6514
5309
4900

Erme

KWh/yr

5366
3565
2057
26585
15107
2036
9078
9053
42580
28531
23648
21462
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Rayleigh distributions of hours and energy per year versus wind speed with
¢=10 and k=2
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JSa) Jalaa dad Jal (pa daiial) 5 a8 g Ao peall L)y a8 cilaiada 1427 JSd)
delufdaa C=15 4ds ) (uld Jalaa g K=1.5
Rayleigh distributions of hours and energy per year versus wind speed
withc=15and k=1.5



(b} ¢=15 mph

{a) e=10 mph

3l C ag k=2 dad Jal (pa dadial) 5 a8l g de jeall i) a8 cbiiada 1) 27 Jedl)
deluf 3 20,15,10
Rayleigh distributions of hours and energy per year with k=2 and ¢ = 10, 15,
and 20 mph
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Friction Coefficient of Various Terrain

Friction
Coefficient
Terrain Type (&)

Lake, ocean and smooth hard ground 010

Foot high grass on level ground 0.15
Tall crops, hedges, and shrubs 0.20
Wooded country with many trees 0.25
Small town with some trees and shrubs 0.30

City area with tall buildings .40
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Site Locatlon . Loca‘mon
Salchad S/S Qutaifah
32° 29,704 36° 41,204 1200

Salchad - Al Hidjana
Mashkuch 32°25.658 36°43,226 | 1200 33° 8,587 36°31,618

Suweida Alkaldieh
Mointain 32° 40.711 36° 44 103 1800 33° 8,666 36° 31,201

Nasharaf Quattina Lake i
32°42 657 36°47,416 1500 34740113 36 35.746

Barshin-
Qunaitra h .
33° 10.564 35°52.065 Misyaf 34° 53 256 36° 20.199

Nabe al e
as oasl
Fawweg °13957 | 35°6,.907 35°50.908 | 35° 48979

J
Gaba
Stunfleh Pass
33°10.432 35°55.810 1020 35° 36.482 36°13.040 1360

Ghabaghib Murrat An
33123 36°15,801 750 Numan 35° 41.427 36°45.303
Palmyra SS Jandar
34° 34,602 386"6,515 430




0] Aus 2 gL A s A1 ja cillana G 5 (SLa) Ciliea) ga 101 g2

Msherfeh -
Palnggra east : Jubb al Jarra
34° 34,582 38° 18,993 (
Palmyra west ' Atheria ‘
34° 33,697 38° 13,998 35° 21. 21

430
Rusafa
34° 32,344 37° 42,757 450 35° 36. 56

Fruglus
35° 51.00
Cheroubin Halabiya
33° 43,615 36° 21,962 1900 35° 42.43
Rankous Tayem
35° 13.85
Phosphate
. As Sukhna
34° 5597

AR

37°47.19

38° 28.15
88° 33405
39° 37,80
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Site maps Plot o 19, Planned 2 Wind Turbines

planned
paved road

Wind farm demonstration projekt
Preliminary layout site ne. 13
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38.5 meter

33 meter '

18 meter

Height: 40 mecters
Diameter: 114 mm

Guy Radius: 22 meters for bottom 3 guys; 23 meters for top 2 guys

Note: Shaded sections represent 1.5 meter tubes
Others are 3 meter tubes. Guy level heights are

nominal . They slightly differ when tubes are
assembled.
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Date  Time $40avg Dird0 Dir40SD S40maxS405D S$10avg S10max$10SD T°C P mhar
0102004 1310 149 %96 452 233 03% 162 33 07 3000
000004 1520 118 1154 334 289 0437 159 383 0383 29¥
0102004 1330 291 467 %2 3% 184 285 3 145 AT
000004 1540 608 229 6% 7% 0% 317 68 0605 2W
20000004 1550 613 283 61 74 05% 319 681 0647 2760
20102004 1600 605 264 48 687 0281 53 631 044 2162
2000004 1610 660 186 41 77T 0518 3 703 0660 2745
0000004 1620 602 234 84 713 0489 4% 647 0681 274l
0102004 1630 567 262 32 639 0446 44 62 0T 20X
20102004 1640 564 283 32 631 0317 417 523 044 2109
010004 1650 338 287 30 613 030 387 32 042 268
2000004 1700 307 26 26 581 0264 343 407 0206 2600
201102004 1710 423 80 509 03 265 321 0194 2631
201012004 17.0 355 04 008 267 2% 0126 2626
20102004 1730 379 (0.1 443 0281 269 363 0200 2600
2011012004 1740 423 3517 49 0%1 34 4% 01R  0M
201102004 1730 316 3524 M0 3B 43 0% D0
2611012004 1800 348 3367 611 0 339 413 048 0%

1
!
1
1
1
!
!
1
1
!
1
!
1
!
1
!
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ENERC\Qunaetra DAT

W Array 9, Item 4

10/28 18:00 10/29 00:00 10129 06:00
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QunaitDatProperty?2

variable Spe40avg

Height above ground (m)

Mean wind speed (m/s)

Median wind speed (m/s)

Min wind speed (m/s)

Max wind speed (m/s)

Mean power density (W/m2)

Mean energy content (kwh/m2/yr)
Energy pattern factor

Weibull k

Weibull ¢ (m/s)

1-hr autocorrelation coefficient0.888
Diurnal pattern strength 0.257
Hour of peak wind speed 16
Mean turbulence intensity 0.141
Standard deviation (m/s) 3.56
Coefficient of variation (%) 3.2
Frequency of calms (%) 0.00
Actual observations 48,498
Missing observations 0
Data completeness (%) 100

Spellavg

10
4.46
4.01
0.15
18.82
106
927
2.198
1,065
5.02
0.871
§.332
15
0.194
2463
£9.1
0.00
48,498
0

100
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For each wind speed column in the date set Wind grapher calculates the
standard deviation of the wind speed data using the following equation:

(17-6)
is the wind speed in time step

is the average wind energy speed
is the number of time steps

¢
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.éJl,.\a.d\ ) A g CQJS\ 43l 48lgt S badl) dae g cliluall C..\l:u' <V VT Jgaad)

"Month | Rec | Mean | Min | Max | std. | Dev. |
1 | tan [ 3814 | 410 | 0000 | 9432 | 716 |
2 | reb [ 4027 | 359 | 0.000 | 3.026 | 405 |
3 | War | 4459 | 437 | 0000 | 7328 | 707 |
4 | Apr [4313 | 527 | o016 | 4884 | 641 |
5 | May [ 4458 | 660 | 0.016 | 6765 | 819 |
6 | tun [ 4314 | 551 | 0.000 | 339 | a77 |
7 | [ aass | sa7 | o001 | 2702 | ass |

5 | Aug [ 4240 | 685 | 0.070 | 3.265 | 5% |
9 | sep [ 4317 | 331 | 0.000 | 2.660 | 3% |
10 | oot | 4459 | 28 | 0.000 | 2235 | 207 |
11 | Nov | 4315 | 309 | 0.000 | 4525 | 372 |
12 | Dec | a4ss | 352 | 0.000 | 3.534 | asz |

All 51.632 0.000 572
data
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FIGURE
Horizontal axis wind turbine showing major components. (Courtesy: Energy
Technology Support Unit, DTI, U.K.. With permission.)

FIGURE Y
Vertical axis Y ¢-meter diameter wind turbine built and tested by DOE/Sandia National
Laboratory during Y44 ¢ in Bushland, Texas.



p8saly Aalal) dpnyyl) Ao lain) oy 6 (paBge 8 Anliall deUain) 45 )liay
e sat (Al daluall Py aaye yie [ clglly Ll lls (Specific wind  power)
to ol AES Glaally aca gl ae ¢ lsall )iy
Ps=\/Y.p.V"  wm'

2ol il Aol Loaf s lly ddial) ) Zadiall deUsin) Pygslasis

(the power of upstream wind)
andiy (ada] dejull maad Cua il e daliiual delaan) gslud Y LSl
( the power of downstream Wind) 7Ll (=ss de Uain
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FIGURE Y Rotor efficiency versus Vo/V ratio has single maximum. Rotor efficiency
is the fraction of available wind power extracted by the rotor and fed to the electrical
generator.
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Weibull probability distribution function with scale parameter c=) + and shape
parameters k =
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Wind speeds variation with height over different terrain. Smooth terrain has lower
friction,developing a thin layer above.
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Friction Coefficient of Various Terrain

Friction
Coefficient

Terrain Type v

Lake, ocean and smooth hard ground 0.10
Foot high grass on level ground 0.15
Tall crops, hedges, and shrubs 0.20
Wooded country with many trees 0.25
Small town with some trees and shrubs 0.30
City area with tall buildings 0.40
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