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Abstract

The present research deals with the assessment of wind speed for electricity generation in
Technical Institute / Mosul for laboratory usage. A wind mill was designed and fabricated to carry out
the experimental work, it was positioned on a tower of 30 meter height above sea level, and the wind
speed was measured and recorded by Anemometer device every 20 seconds and then were averaged
over 10 minute. The 10 minute average wind speed data were then averaged over one hour. All the
wind speed data were measured and recorded close the wind mill apparatus.

The Weibull Probability Density Function for wind potential was calculated from the mean
wind speed data and the Weibull scale factor ¢ was calculated.

Experimented results showed that the relationship between the average wind speed V and the

scale factor cwas ¢ =1.495V .

The measured and calculated wind speed data were also averaged over each eight hours
period for each day of the whole month in March, and the experimental results revealed an average
wind speed of 6.2 m/s which was available for large parts of the day.

The results also showed that the are a certain periods in which the wind speed are useful for
converting their power to an electricity for laboratory usage.

It was also concluded that there is an enough number of hours in which the wind speed of a
high potential power are available and enough for running the wind mill.

The results obtained for the wind speed measured by Anemometer device and the Weibull
Probability Density Function showed a best fitting between wind speed measured in the present study
and the wind speed distribution for Weibull Probability Density Function which indicate that there is
an efficiency and enough wind speed on the top of the workshop in Technical Institute / Mosul for the
generation of electricity which can run the devices and the instruments for laboratory usage.

Key Words: Wind speed, Wind mill, Weibull scale factor, Weibull Probability Density Function,
renewable energy.

duadAl)

o Lo BN gl /1 gaall & Al <)) A8l o g3 8 Ll Bad s Aoy aadl el Caad) Caagy
(tower) z_» Sle iy dlaall cul HlidY) danl (Wind mill) a4l ga A5 galla &al g aranal ol Ayl ailaladiuy)
o s (5 sl e 5ie 30 ey adi

(wind zLoll g e Jaee Gla o3 338 10 IS Jomall Gl 255 A ) il 38l ZL ) & Qi (8 o3
(Weibull zL_l 48U Jy 5 Adlaia) Al Glus o3 400 5l 45 paldall e agle cufial) a8 sall 8 &lld g delu JSI speed)
(Weibull scal ¢ ¢l Juy Jalaa Grss 2 Leld o3 30 ~L5) ¢ u dass sia (10 Probability Density Function)
.factor)

1o € bl Ju s dalae s (Average wind speed) V' zbl g e dasa G 383 ol Alenll (o jlaill & skl
- ¢c=1495V

il Coelal I3 el JBA a s IS5 Auie 335 e b dilad IS Lgld 5 ) Ll de s Jare Lial s
8mS At ) il s (A3 hshe Lol g e (e Vel 038 ol s 6.2 /s il A3l FLl g e 335 Jane ol dleal)
2l Oe

(wind potential) Ll de s L 0 5S5 Jleil oLl suse el s Aty il i 3 a5 i) IS (e Liad

228



Journal of kerbala university , vol. 10 no.3 scientific . 2012

(Electrical 4l S 48l ) Llisass (wind mill fans) 4ol sell 4saldall = o) jo ysail Lealadial lSaYU 5 s
Al 3 3eaY) Jani b gk 33401 (a3l power)

(Anemometer is eV Slea ol 50 Lol a3 N (Wind speeds) zlol) g s gl g Lo o LS
a3 ZL e e g S sl 3 a5 (Weibull Probability Density Function) Ju s 48US dillaial) 42 5 device)
agle Cufiall a8 gl 84S Ll g e Al ASUAD (s 13 5 J s A0S Alltial Al e M) Can ) gl s
2 s a8 ) A3l Sl A8l A gl Leta BaliuYT (S ) g Jaa gall /S8 dgaall (8 (5 6l) AL A0 gel) A galdal)
sl el 853 sa gl Gl <l gal 58 healy) Juri
Jdaaadiall aaLLl cd,\:\j 48 @L‘\h\ cu.ut.:\ﬁﬂ d..\:\} Salza c;\.:\f\\jgj\ ;L.\PLH\ cc\.g)l\ 3.::‘)...» : A1l clalsl)

Introduction

The European Countries especially Germany and Denmark have directed their efforts for the
generation of electricity on both land and sea from wind energy, by building wind electrical power
generation plants. Due to the increase in the cost of the fuel used in traditional electricity power
generation plants as well as the environmental pollution due to the smokes emitted by those fuels,
the electrical power generation projects by using winds are more economical and non pollutants.

Special efforts have been directed by the Germany for the investment in a renewable
energies (Wind, water and Solar) for electricity generation [1].

The National Energy Agency expected that the energy required in a year 2020 will reach to
(327)GW. This means that a (16)GW will be added per year, and the Ministry of a Renewable
energy in India expected that a (90)GW of electricity can be generated from the different types of
Renewable energy in the country, and about (48.5)GW of electricity can be generated by wind
potential.[2]

The total electrical power that have been produced by wind potential in year 2006 was
(74.223)MW which equal to (1%) of the electricity used in the world.

The potential of wind energy can be considered as a renewable safe energy and it does not
cause any pollution to the environment as a result it reduces the consumption of the fuel.[3]

The electricity that have been generated by the wind fields in the United States in the year
2007 was nearly 17 MW to fulfill the requirements of industry [4].

The required average wind speed for the turning on the turbine is ( 5.36 m/s) .

The major constituents of the wind mill systems are a rotary fans which are hold on the top
of a tower, and a generator for converting the wind potential to electrical power.

The dynamic forces produced by the striking of air on the surface area of the fans lead to the
rotation of these fans, as a result an electrical power is generated.[5]

The quantity of electrical power depend on both the wind speed tricking the rotating fans,
the diameter of fans and the surface area of each fan, and for that reasons the turbines employed for
electrical power generation that have been used for the running plants and for lighting are build up
on the top of towers. This is because the wind speed increases with the height above earth level.

The weibull function was discussed for representation of the wind speed frequency

distribution. The methods were presented for the estimation of the two Weibull parameter (Scale
factor C and shape factor K) from wind statistics, and the recently proposed method based on the
“square - root - normal” was compared with mean wind speed as input statistics.[6] The Weibull
distribution was shown to give smaller root - mean - square errors than the square - root - normal
distribution when fitting actual distributions of observed wind speed.
The method for estimating the actual expected power for a wind - powered generator from a given
observed speed distribution was described and applied to estimate the potential output for different
locations in the continental U.S.A contour map of generator capacity factor values (fraction of the
rated output realizable) was obtained for wind - powered generator systems with a cut - in speed of
(3.6) m/s for a unit with hypothetical values for the (1)MW class (Cut-in speed, 6.7 m/s; rated
speed, 13.4 m/s). Results indicate that in the central U.S and in certain areas of the New England
coast at a height of 61m, over 60% of the rated output power could be obtained on an annual
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average. In these areas capacity factors of over 20% could be obtained with 1 MW system.[ The
wind energy potential of the region Iskenderun (36° 35’ N; 36° 10’ E) located on the Mediterranean
coast of Turkey was statistically analyzed for 1 - year measured hourly time - series wind speed
data, and the probability density distributions were derived. Two probability density functions were
fitted to the measured probability distributions on monthly basis and the energy potential of the
location was studied based on the Weibull and the Rayleigh models.[8]

Three methods were presented for the calculation of the parameters of the Weibull wind
speed distribution for wind energy analysis, those methods are: the maximum likehood method, the
proposed modified maximum likehood method, and the commonly used graphical method.[9] The
maximum likehood method was recommended for use with time series wind data, and the modified
maximum likehood method was recommended for use with wind data in frequency distribution
format which has been adopted in the present study.

The present investigation deals with the study of wind potential energy for electricity
generation in Technical Institute / Mosul for laboratories usage.

Theory of wind power:
The kinetic energy E of a wind can be expressed by the product of wind mass and the square
velocity (V) divided by two.[10, 11]

1
i.e. kinetic energy, E = >m vi oo (1)
The mass (m) of a wind passing perpendicular through unit area A at time (t) is
m=AVtp . ()
Hence
1
Kinetic Energy, E = > AVt , (3)
The energy of a wind for a unit time t can be expressed as:
E
P=— 4)
t
Hence
1 3
P= E pAV (5)

Where p represents the density of air

Equation (6) shows that the wind energy of a fluid (wind) passing through unit area (A) is
mainly depends upon its density and velocity.

Experimental work

The current study has been carried out for the assessment of the wind energy resources for
the cooling and air conditioning work shops and laboratory usage of Technical Institute / Mosul. A
wind mill was designed and fabricated to carry out the experimental work. It consists of two
galvanized iron propeller blades of 2.4 mm diameter which rotates by wind energy around a rotor.
The rotor was connected to the main shaft. The wind mill was mounted on a tower 30 meter above
sea level in 36°N Latitude in the month mach [12] to capture the most wind energy, and to take
advantages of faster and less turbulent wind. Fig. 1 shows a photograph of the wind mill that have
been mounted on the roof of the cooling and air conditioning work shop in Technical Institute /
Mosul.

230



Journal of kerbala university , vol. 10 no.3 scientific . 2012

Fig. 1 Photograph of wind mill apparatus.

The speed of the wind was recorded by Anemometer device of 0.1 resolution close the wind
mill. The wind speeds were recorded every 20 seconds and averaged over 10 minute. The 10
minutes averaged wind speed data were average over one hour period as well as at 8 hour period.

The Weibull Probability Density Function for wind potential was calculated, and adopted in
the present studies.[6, 13]

as
K-1 K
K(V V
f =—| — expl(-{—1| | (6)
Mw c(c) p{ (Cj }
Where:
f(v)y = The weibull probability density function.
\Y/ = Instantaneous wind speed (m/s).
C = Weibull scale factor (m/s), and
K = Weibull shape factor.
The relation between the weibull scale factor and the weibull shape factor is:
\Y 1
—=1+= . (7)
C K
and
i1+ 2. 1+ 1
o) K K
v = N (8)
r (1+ j
K
Where:
VV = Theaverage wind speed.
o = The standard deviation of the wind speed, and
I' = The Gama function.
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The wind speeds that have been measured by Anemometer device on the roof of the cooling
and air condition workshop close to the wind mill were measured and recorded and the wind speed
distributions were plotted in Fig. 4 as shown in Table. 1.

The Weibull parameters were then calculated.[14]

as
K
f(v),, =1—exp (Yj .......... ©)
C
Equation (10) can be rewritten as:
v K
1-f(v),, =g =exp (—j .......... (10)
C
Where:
¢ = The Cumulative wind velocity
The Weibull parameters C and K depends on the wind speed.
Taking the natural logarithm of equation (10) twice:
v K
ng={-—( . 11
o~(-Y) w
and
K
In(—In¢):In(¥j .......... (12)
C
In(-Ing)=K{Inh V-nhC) ... (13)
h(-h¢g)=KhV-KIhC ... (14)
Where:
KInC = Constant.
K = The slope of the curve.

From equation (14) the In(-Ing) versus In V curve was plotted as shown in Fig. 2.

Results and Discussion

The wind speed data used in the present research were recorded and calculated during the
year 2011 by using a rotating fan anemometer close to the wind mill station which was positioned
on the top of the workshop building in Technical Institute / Mosul in open and free obstacles space
at height 30m above the ground. The wind speed were recorded every 20 seconds by using wind
speed data logger ( 0 to 45 m/s measurement range and 0.085 mph at10 second reading interval
resolution) and then were average over 10 minute. The 10 minute average wind speed data were
then average over one hour at the end of each hour period.

The accumulative weibull probability distribution function f(v) were calculated from the mean
wind speed data In(-In¢) & Inf(v) have been listed in table .1.

The data presented in table .1 are plotted in Fig. 2. The Figure represents the accumulative
weibull probability distribution logarithm function In f(v) as a function of the logarithm of the
accumulative time wind speed In(-In¢). The curve shown in the figure reveals a straight line pattern
which is best revealed in equation 15.

The slop of the curve shown in Fig. 2 was calculated and analyzed to be 0.366.

The curve shown in Fig. 2 was intercepted to the In(-In¢) - axis. to obtain the value of kinc
shown in equation 15, and the intersection value is -0.55.

As the value K=0.366 and kInC = - 0.55 have been obtained, the weibull scale factor C was
calculated by applying the following formula.
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kinc

C=exp-——— 16
p K (16)

C=exp -(-0.55) =4.082

0.366
C=4.082

The average measured monthly wind speed V was recorded to be 2.73 m/sec, hence

g = % =1.495
V 273
C=1.495V

The data of wind speed that have been measured and recorded were also averaged over each
eight hour period for each day of the whole month of March and the concluded data are presented in
Table .2 which represent the measured wind speed in March 2011 for each eight hour period and

their average values V' (m/sec) on the top of the workshop building in Technical Institute / Mosul.

The data presented in table .2 are plotted in Fig. 3 which represents average wind speed V versus
duration period of each eight hour.
The figure shows a fluctuations of the wind speed in which it varies between 4.3 m/s to 7.7

m/sec with average value of V = 6.2 m/sec.
The figure reveals that the wind speed 6.2 m/s is available for a large parts of the day.
The average wind speed pattern for each day of the whole month are plotted in Fig. 4.
The mean wind speed that can generate electrical power is 2.5 — 3 m/s, and in our study the

mean wind speed shown to be V =2.84. It is best clear that there are a certain periods in which
the wind potentials are useful for converting their power to an electricity for laboratory usage.

The frequency distribution data of wind speed intervals are presented in Table .3 and plotted
in Fig. 5 which represents a distribution graph of the wind speed.

The region shown in Fig. 5, are the most frequent wind speed, and the Fig. best reveals that there
are enough duration periods in which a high potential power of wind speed were available and
occurred.

Table .4 represents the cumulative, decreasing and the percentage duration period for each
interval of wind speed. The data are plotted in Fig. 6 and Fig. 7 which represent the duration and
accumulative distribution histogram. The patterns of the two Figs. are best reveal that there is an
enough number of hours in which the wind speed of a high potential power are available and
enough for running on the wind mill, i.e. the fraction of time that a wind mill produce more high
enough.

The probability distribution for each wind speed interval are tabulated in Table .5 and
plotted in Fig. 8.

The graphs plotted in Fig. 8 show the wind speed frequency distribution and how for is it
from the best fitting unimodal Weibull Probability Density Function [13]

Experimental results plotted in Fig. 8 for the wind speed data measured by Anemometer and
the Weibull Probability Density Function [13] show a best fitting between wind speed measured by
Anemometer device and wind speed distribution for Weibull Probability Density Function [13].The
minimum useful wind speed for electrical generation is 2.5 — 3 m/s which indicate that there is an
efficient and enough wind speed on the top of the workshop building in Technical Institute / Mosul
for the generation of electricity which can run on the devices and the instruments that have been
employed by the students who in turns use those devices and Instruments for the experimental tests
in the laboratories.

233



Journal of kerbala university , vol. 10 no.3 scientific . 2012

Conclusions

In the present research, the assessment study of the wind potential energy for electricity
generation in Technical Institute / Mosul lead to the following conclusions:
1. The Weibull scale factor C was calculated to be 4.082.

2. A best relationship between weibull scale factor C and average wind speed V indicates that
there is an enough wind speed of large power for electricity generation for laboratory usage.

3. There is an available wind power of average speed equal to 6.2 m/s for a large parts of the day.

4. There are a certain periods in which the wind potentials are useful for converting their power to
an electricity for laboratory usage.

5. There are enough duration periods in which a high potential power of wind speed were available
and occurred.

6. There are an enough number of hours in which the wind speed of a high potential power are
available and enough for running on the wind mill.

7. A wind speed measured by Anemometer device and the Weibull Probability Density Function
show a best fitting between wind speed measured by Anemometer device and the Weibull
Probability Density Function, which is a best indicating that there is an efficient and enough
wind potential power on the top of workshop building in Technical Institute / Mosul for
electricity generation for laboratory usage by the student.
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Table 1 The measured and calculated wind speed data in March 2011.

f(V) 1-f(V)=¢ In-¢ In(-1n¢) In f(V)
6.2 -5.2 1.64 0.49 1.82
13.9 -12.9 2.55 0.93 2.63
15.2 -14.2 2.65 0.974 2.72
18.4 -17.4 2.85 1.047 2.91
24.27 -23.27 3.147 1.146 3.18
25.02 -25.02 3.218 1.168 3.25
28.52 -27.52 3.314 1.198 3.35
30.52 -29.52 3.38 1.217 3.41
31.82 -30.82 3.42 1.229 3.46
32.52 -31.52 3.45 1.238 3.48
33.32 -32.32 3.47 1.23 3.50
34.82 -33.82 3.52 1.25 3.55
35.52 -34.52 3.54 1.26 3.57
38.27 -37.27 3.618 1.285 3.65
39.37 -38.37 3.64 1.291 3.67
40.97 -39.97 3.68 1.302 3.71
44,12 -43.12 3.52 1.258 3.78
A -

© In fv)

a k =slope= tan o—=0.366

os Klne=-0.35=v-axiz intersection

Fig. 2 In(- In ¢) as a function of In f(v) for Weibull parametes calculation
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Table 2 The average wind speed for each 8 hours in March 2011 at Technical Institute/mosul

8 hour 16 hour 24 hour Average wind
March, 2011 Speed (v) m/s | Speed (v) m/s | Speed (v) m/s spegzd of each
ay m/s
1 4.3 7.7 6.7 6.2
2 6.5 8.6 8.05 7.7
3 1.9 0.7 1.3 1.3
4 5.05 5.4 5.2 5.2
5 4.85 7.5 6.17 6.17
6 0.3 3.2 1.75 1.75
7 3.2 2.5 1.8 2.5
8 3.25 2 0.8 2
9 1.3 0.7 1.9 1.3
10 0.7 0.3 1.1 0.7
11 0.8 0.8 0.8 0.8
12 1 2 15 15
13 0 1.4 0.7 0.7
14 2.75 15 4 2.75
15 15 0.7 0.7 1.1
16 0.7 2.5 1.6 1.6
17 3.15 1.9 4.4 3.15
18 0.2 1 0.6 0.6
19 1.8 3.5 5.2 3.5
20 2.5 1.3 3 2.5
21 2.5 1.6 0.7 1.6
22 1.25 1.9 0.6 1.25
23 2 3 1.7 2.3
24 2.8 2.7 2 2.5
25 3.4 2.9 3 3.1
26 3.2 3.1 2.9 3.4
27 4.1 3.9 2.8 3.6
28 4.5 3.5 2.7 3.6
29 5.9 4.2 4.1 4.7
30 6.6 6 6.1 6.2
Average 2.733 2.933 2.795 2.842

Bverage wind speed, U

0.5

a 15 24

duration period (hour)

Fig. 3 The average wind speed pattern in March 2011 at Technical Institute /
Mosul

236



Journal of kerbala university , vol. 10 no.3 scientific . 2012

6
| 6.07
6

| 3.4
36
36

V=2.84

| 31

bs

1.6
1.25
P

Average wind speed (V)
23

O P N W A~ OO N 0O ©
L I
4

©

o=
hal [
o

1234567 8 9101112131415161718192021222324252627282930313233

Duraion period ( hour )

Fig. 4 The average wind speed pattern in March 2011 in Technical Institute / Mosul

Table. 3 Frequency distribution table of wind speed in March 2011 at Technical Institute /

Mosu
Interval Frequency
V (m/s) (hours)
0-—0.999 18
1-1.999 21
2—2.999 15
3—3.999 13
4—4999 8
5-5.999 5
6 —6.999 6
7—7.999 2
8 —8.999 2
Total 90
100
90
80 1
70 A
o 60 -
3 50
I 40 |
22 : 18 2 15 13
0 y y y f
1 2 3 4 5 6 7 8 9

Velocity (m/s)

Fig. 5 Frequency Distribution Graph of wind speed in March 2011 in Technical Institute /
Mosul
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Table 4 Frequency distribution table of wind speed in Technical Institute / Mosul in March

2011 transformed into a duration and accumulative distribution.

| | F Duration Cumulative
nterva requency V>V V<V %
m/s hours hours hours
0-0.999 18 90 18 2
1-1.999 21 69 39 43
2—-2.999 15 54 54 60
3-3.999 13 41 67 74
4 — 4,999 8 33 75 83
5-5.999 5 28 80 88
6 —6.999 6 22 86 95
7—-7.999 2 20 88 997
8-8.999 2 18 90 100
Total 90 375 597
Fig. 6 Duration Distribution Graph in March 2011.
123 g 86 88 90
80 -
» 70 A
8 60 -
T 50 A

40 ~
30 A
20 A

10

Velocity (m/s)

Fig. 7 Cumulative Distribution Graph in March 2011

Cumulative Distribution Graph in March 2011.
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W'\r/‘o(' rf]'[/’se)e‘j' Probability
0-0.999 0.2
1-1.999 0.23
22,999 0.166
3 3.999 0.144
4~ 4.999 0.088
55999 0.055
6 6.999 0.066
7-7.999 0.022
8 8.999 0.022

Table5 Probability data of wind speed

Probability

000000000 000000000 00000

00000000020 LLLLLLLOVNNNN
OSNGORAGIROIINRRNDNOON N D &G

Wind Speed (m/s)

Fig. 8 Wind speed distribution data in March 2011.
B Anemometer data
—— Weibull probability density function [12]
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