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Abstract. Wind give the ship with sails auxiliary thrust, and the distribution route of wind energy
resource has a significant impact on energy saving of ship with dual-sail. Rayleigh wind speed
distribution model of Nanjing, Shanghai and Nantong city on the Wuhu to Shanghai route segments
of Yangtze route is established in this dissertation. And on this basis, wind resource of those areas is
analyzed. The results show that Wind energy resource distribution Wuhu to Shanghai leg is not
balanced, and coastal areas arerelatively rich, in general for sea-river-through ship with dual-use sail,
the wind resources on the segment are worth exploitation.

Introduction

Wind as a driving force of the ship, in the development process of the ship has been playing an
important roles, however, in the development of modern shipping, the use of wind resource has been
ignored. Under the background of global warming and energy crisis, wind energy as a renewable
energy re-entered the spotlight of people. How to conserve energy and improve the operation of the
ship economy has become increasingly concerned about the issue of the shipping industry . As
technology advances, to the shipping industry, wind can be used to navigation aids, and it can be used
to generate electricity to provide some power to the ship, as well. Sea-river-through ship with
dual-use sail (sail can switch between navigation aids and power generation) is a new kind of green
ship which can use wind energy efficiently.

Y angtze route is the “golden channel” of china and the economic exchanges artery between western
of china and world 3. And it is the main route of sea-river-through ship with dual-use sail. Wind
resource distribution of this route has a major impact on sailing performance of sea river-through
ship with dual-use sail. This paper studies the wind resource distribution of Wuhu to Shanghai leg of
the Y angtze route, selecting Nanjing, Nantong and Shanghai of this segment to research the wind
energy resources of the three places. And this research can provide a reference for the use of wind
energy of this segment.

Probability distributions model of the speed of wind

Rayleigh distribution isintroduced. There are several kinds of probability distribution model of the
speed of wind. For example, Weibull distribution, Rayleigh distribution, Lognormal distribution,
Burr distribution, Gaussian distribution and Gamma distribution. Weibull distribution is a kind of
unimodal distribution function with two parameters. The speed of wind is submitted the Weibull
distribution. Its probability density function can be given as
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In this function, b is the shape parameter, and c is the scale parameter.
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In general wind conditions b = 1 ~ 3, and model is Rayleigh distribution when b=2. Its probability
density function can be expressed as follow.
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Calculation method about parameter of Rayleigh distribution is introduced. Rayleigh
distribution is a special form of Weibull distribution when the shape parameter is 2, so the estimation
methods of parameter of Weibull distribution are equally applicable to the Rayleigh distribution.
There are many methods to estimate the parameters of Weibull distribution. Depending on the wind
conditions of statistics used different choices can be made. In this paper, the method of average wind
speed is used.

The average wind speed can be calculated by equation (3).
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In the expression of Eqg. (3), Vv, denotes the i measurements of wind speed, m/ s; N represents the

total number of measurements.
Scale parameter ¢ can be obtained by the following equation (4).

. -1
6
c=valc—+1%; 4)
S
In this equation, G is Gamma function. Gamma function G(b) can be represented as
a&b)= 6 X" exp(- x)dx (5

Wind speed profile of Shanghai, Nanjing and Nantong

According to the date of weather station of Shanghai, Nanjing and Nantong, the dates of monthly
average wind speed of ten meters high of those places of 2010 are obtained. Wind speed changeswith
the height. The relationship between height and wind speed can be represented by Eg. (6).
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In this equation a represents the wind shear exponent, o = 0.1 ~ 0.4. In general o takes 0.19; H, isthe
height corresponding to the wind speedv, , m; Hs isthe height corresponding to the wind speedv,, m.

The average height of the dual-use is about 20 meters. The monthly average wind speed of 20 meters
of 2010 of Shanghai, Nanjing and Nantong are calculated, as shown in Fig.1.
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Fig.1. Monthly average wind speed

Characteristics of wind energy resource of Nantong, Nanjing and Shanghai

The parameters for evaluating wind speed are calculating. Available time of wind energy is an
imr[)grtant indicator of the evaluation of the wind resources, which can be calculated by equation
(7)™
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In this equation, T represents the hours of a year; v,and v, represents upper and lower limits of
available wind speed. When Rayleigh distribution is used, b takes 2. In general, v, and v, are 3nvs
and 25m/s.

The method of average wind speed is used to estimate annual average wind speed of Nanjing,
Nantong and Shanghai, the scale parameter ¢ of Rayleigh distribution and the available time of wind
energy. Theresults are shown in Table 1.

Table.1.Evaluation parameters of wind speed

Parameter Nanjing Shanghai Nantong

vi(ms™) 2.6 3.8 32

cli(ms'?) 2.92 4.27 3.60
Te/h 3048.64 5345.18 4376.27

Tablel showsthat the available time of wind energy of Shanghai is maximal, while the available time
that wind energy has of the three places are considerable.

Probability density distribution of wind speed isanalyzed. Rayleigh distribution of wind speed is
used to get the probability distribution of the three places, shown as figure 2. Fig.2 shows that when
the wind speed reached 3m/s, 2.5m/s and 2nVs, the Rayleigh distribution of Shanghai, Nanjing and
Nantong are maximal. Probability of the appearance of the effective wind speed which is faster than
3nVs of Shanghai is more than 50%. The probability of Nantong is slightly less than 50%. The
probability of Nanjing is minimal. It is about 40%.
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Fig.2. Probability density distribution of wind speed
of Nanjing, Nantong and Shanghai

Calculate wind power density. The power obtained when vertical airflow blow on the unit
cross-sectional area is called wind power density. Wind power density is a very important indicator
for evaluating the wind energy resource. Wind power density can be calculated by equation (8) 4.

P(v) ==rv (8

In this equation, P(v) represents wind power density, W/m”. And r is density of air. It can be
calculated as follow.

r=—— (9)

In this equation, P which represents the annual average atmospheric pressure take 1.0133105Pa; R
whichisthe gas constant take 287J/ kg; T that represents the annual average temperature of Shanghai,
Nanjing and Nantong take 290.15K.

In practice, the wind power density depends on the probability density function. When the wind speed
probability distribution submits Rayleigh distribution, the wind power density can be calculated by
equation (10).

P=Q) P(v)fR(v)dv:%r 5v3fR(v)dv=p§r v (10)

Rayleigh distribution model is used to analysis the wind power density of Shanghai, Nanjing and
Nantong. The monthly average power density and annual average wind power density and are
showed as figure 3 and figure 4. From March to September, wind power density of those places is
larger. And wind power density of Shanghai and Nantong are relatively larger than Nanjing.
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Fig.3.Monthly average wind power density Fig.4.Annual average wind power density
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Conclusion

Rayleigh distribution model is used to evaluate the wind energy resource distribution of Shanghai,
Nanjing and Nantong beside the segment which is from Wuhu to Shanghai of Y angtze route. The
following conclusions can be obtained.

(1) The probability of effective wind speed which is faster than 3m/s of the segment that is from Wuhu
to Shanghai are different in different places. The probability of coastal placesis greater.

(2)On the basis of this model, the annual and monthly average wind power density iscalculated. That
the wind energy resource distribution of this segment is not balanced is revealed. The wind energy
resource of coastal areas such as Shanghai is more abundant, and inland areas such as Nanjing are
relatively smaller. And wind power density of monthsthat are from March to September isrelatively
larger than other months.

(3)The available time of wind energy of Nanjing, Nantong and Shanghai are relatively considerable.
Wind energy as a green energy, can be used by dual-sail to save fuel and reduce carbon dioxide
emissions from ships. It has high environmental value. Overall wind energy resource on this leg is
worth developing
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