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ABSTRACT. Weibull and »?* distributions were fitted to three years wind speed data of Jessore meteorological
station. The values of the parameters of both the distributions were calculated for each month. It was found
that the mothly irean wind speed and the available energy were fairly reproduced by both the distributions.

1. Introduction

The wind speed at any locality has a fluctuating na-
ture. The statistical behaviour of the wind has been
widely studied in the USA (The U.S. Department
of Energy, 1979) and also in some countries of Asia
(Exell ef al. 1981). Two types of distributions, namely
the Weibull and y* have been widely used to describe the
statistical nature of wind. The parameters of these dis-
tributions describe not only the wind speed but also allow
one to obtain an estimate of the total available energy.
No such study has yet been made in Bangladesh to see the
behaviour of the wind of this region. For such a study, the
station Jessore was chosen and an attempt has been
made to fit the frequency distribution of hourly average
data for each month of the year to the above two
distributions.

~

2. Theory

The principal characteristics of the two types of
distributions are :

(a) Weibull distribution — Let F(v) be the cumulative
distribution function of the wind speeds giving the
probability that the wind at any time has a speed less than
v. Such a distribution can be expressed in Weibull form
(Corotis et al. 1978) as :

Fy) = 1 —exp[—(v/O)¥] M

where C and K are the parameters to be determined
from the nature of the wind at a particular locality. C
is called the scalar factor whose value isslightly greater
than the mean wind speed and K is called the shape
factor.

(b) x® distribution— Here, F(v) can be expressed as
F(v) = 1—exp — [m/d(v/m)*] @

as shown by Corotis et al. (1978) where v is the
wind speed and m is a parameter of this distribution,

The frequency distribution f{v), whose integral from
v; tow, denotes the probability that the wind speed at any
time lies between v, and v, 15 obtained by differentia-
ting the distribution function F(v). So,

S ) =dF (v) [ dv

% K—1 K
=(”C) (%) exp[—(l‘lc) ]for Weibull

distribution
and
w ¥V

v \2
= 3 pp SXP [%" (—m—) ] for ¥? distribution.
The mean speed <<v> is then

<v> -——*Ojavf(v) dy

= CI'(1 + 1/K) for Weibull distribution (3)

where I'" represents the gamma function and

- '"‘2/ for x2 distribution @)

As the power in the wind is proportional to v%, the aver-
age value of v* over a month or a certain period is of
great importance. The value of <> js

a
<P> = J‘ V3 f(v) dv
0

= C®I'(1 + 3/K) for Weibull distribution (5)
and

= 3m®//m for ¥ distribution (6)
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TABLE 1
The mean frequency distribution of wind speeds for each month of the year
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TABLE 2
Valuesof C, K, m. < v >, < v* > and monthly available wind energy

Weilbull's

Feb
Mar
Apr
May
Jun
July
Aug
Sep
Oct

Dec

parameters
W, S—

©

4,174 .05
4.894- .05
6.06--.97
10.294 .09
10.53 .09
7.824-.04
7.64--.04
7.69+.09
6.30-.04
4.924-.05
4.014.04
3.914..03

(K)

+.07

.04
+.04
.06
+.05
+4-.00

.80 .09
544-,07

+.25
+.13
+.16
-.23
.14
4.11

.20
+.17

.68+ .21
3.884-.08
4.25+-.10

Weibull

1.05--.02
2.204.07
3.4840.4
8.05+.07
8.624-.08
6.31--.04
6.05+.03
5.894.07
3.89+.03
2.144-.03
1.184-.01

1.414.01

<v>

—— A

xi

Direct
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=

A

Weibull

+.14

2.784%
1.13 4
1.51+

.09
.02
.04

1.76
2.40
3.84

5646
148412
239418

7.80 17484105
8.55 1640463

6.61
6.31
6.12
4.30
2.34
1.37
1.6l

785436
602--20
7654-62
29917
157419

3242

4644

>

Energy (kWh/m? month)
A

x2

563
2474-28
277417

178981
1849+40
807 +42
6614-29
1066485
337126
237422
3342
52+ 4

o T

Weibull x?

1.64+.2 1.64-.1
3.8+.3 6.44.7
6.84+.5 7.9+4.5
48.14-3.9 49.342.2
46.7:+1.8 52.641.1
21.641.0 22,2412
17.2+.6 18.84)-.8
21.84-1.8 30.34-2.4
5

.6

A

|

8.34-.5 9.3+
4.5+.5 6.8+
0.94.1 0.9+
1.340.1  1.54

oY
Direct
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data
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Fig. 1. Fits of [the Weibull and x* distributions to the
data when 0 knot wind speed is included

3. Data and analysis

Hourly wind speed data for the meteorological
station at Jessore Airport have been collected from
the Bangladesh Meteorological Department for the
period 1978-80. Wind speeds were recorded each day
at every hour with a cup type anemometer having an
accuracy of -4 1 knot. From the data the frequency
distributions of each month for every year were
obtained and these were averaged (Table 1) to re-
present the mean frequency distribution for Jessore.
The frequency distribution F(v) was then obtained.¥

To find the values of the parameters C, Kand m the
following procedures have been adopted. From Eqn.
(1) one can write

ln{—ln {1—1:-(»)] = Klny—KInC

which means that when ln{ —In{l —F ()} } is plotted

against Inv, a straight line fit will be obtained whose
slope will be equal to K and the intercept with the ¥
axis will be equal to —K In C. Thus the parameters
C and K may easily be determined. Similarly from
Eqgn. (2) one can write

In [ 1—F(v) ] = — wv2/dm?

Hence, when ln{ 1 —F(») } is plotted against v2, it will

also be a straight line passing through the origin
having a slope equal to —/(4m®).

It was pointed out earlier (Exell ef al. 1981) that for
Thailand Weibull distribution shows a good fit when the
wind exceeds 1 knot. Figs. 1 and 2 illustrate the
general behaviour of Weibull and x* fits for Jessore stat-
jon with and without 0 knot speed. So, the values

of v2, Inv, ln‘ 1 — F(v) ] and ln{— In{ 1 —F ()} }

for each month were calculated omitting the 0
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Fig. 2. Fits of the Weibull and y® distributions to the data
when 0 knot wind speed is excluded .

knot wind speed. Using the least square method,
the slope, intercept and the associated errors were
calculated with a programmable hand calculator,
Once the values of C, K and m were known, the values
of v and v3 could be found out easily with the help of the
Eqns. (3)-(6). Since the occurrence of 0 knot wind speed
was not included in the determination of the parameters,
C, K, and m, the values of <v> and <y%> as calculated
from the above parameters will have higher values
than the average values of v and v®. To include the
effect of 0 knot, the values of <v> and <v*> are to
be multiplied by a factor of (1—f), where is the fraction
of time that 0 knot wind speed has been reported (Exell
et al. 1981). With the help of the values of <v®>, the
available monthly wind energy for a wind machine
were calculated using the formula (Sarkar et al.)

E (kWh/m?) = 3.8236 x10~5 D2y3H

where D is the rotor blade diameter expressed in metres,
V3 is the average value of v® (here <¥®> ) ex-
pressed in knot® and H is the duration in hours for
which < v3> has been considered.

4. Results and discussion

The values of C, K, m, <v>, <y*> and the monthy
energy output are displayed in Table 2. The table also
contains the average values of v and the monthly avail-
able energy calculated directly from the wind speed data
as recorded by the Meteorological Department. Coro-
tis ef al. (1978) observed that for the mean wind speed
X2 distribution gives as good a fit as Weibull but for
energy, Weibull seems to be better than the x2dis-
tribution. A close look at the Table 2 shows that the
average wind speed and the monthly available energy

. are reproduced fairly well by both the distributions. The

annual energy available is 208 (kWh/m?) accordin s
183 (kWh/m?) according to Weibull ang 211 (kwgth(}n?.{i’-)’
from direct calculation from individual data. The
squares of the deviations of the average wind speed and
the monthly energy output from their values obtained
directly from the data were summed and it is found
that® ¥ distribution has slightly lower deviations for our
data, Hence. we find that either of the distributions
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may be used but x2 distribution appears to be margi-
nally better for the estimation of both energy and mean
wind speed.

Acknowledgement

The authors are grateful to the Meteorological
Department of Bangladesh for supplying the data.
The project was financed by the Centre for Policy
Rescarch, Dhaka University,

References

Corotis, B. Ross, Sigl, B. Arden and Klein Joel, 1978, Solar
Energy, 20, 483.

Exell, B.H.R., Thavapalachandran, S. and Mukhie, P., 1981,
The availability of wind energy in Thailand, Asian Institute
of Technology.

Sarkar, M., Hussain, M., Alam, A. and Reza, K.A., 1984, “Wind
energy pattern factor for Bangladesh and estimation of wind
energy availability', Mausam, 35,4, pp. 515-516.

The U.S. Department of Energy and and American Meteorological
Society, 1979, ‘Proccedings of the Conference & Workshop
on Wind Energy Characteristics & Wind Energy Siting’,
Portland,_Oregon.




