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Abstract. The accurate and practical wind speed model of wind farm is the basis of the relevant
research work of wind power prediction. This paper based on the wind farm and the real-time data of
wind turbine, put forward a kind of dynamic distribution model of wind speed that consider the wind
turbine wake and wake flow superimposed effect and time delay effect, and considering the relative
space position of wind machine in different wind direction. First analyzing the influence of the wake
effect, wake flow superimposed effect, time delay effect and the change of wind direction on the wind
speed in theory, establishing the mathematical model of wind speed that considered interference
effects; secondly, based on fan location map and the measured wind speed of an actual wind farm,
using the established the model to take simulation analysis of the distribution of wind speed, and
taking deviation analysis on the simulation results and the actual wind speed data of the distribution
dynamic model of wind speed and the traditional wind speed model put forward by this paper. The
results show that the wind speed model put forward by this paper can more accurately simulated the
attenuation, delay of the wind speed of the wind farm when the wind direction changed, and having
practicability.

Introduction

Because the wind energy source having randomness and uncontrollability, the wind turbine is
subjected to great disturbance almost every time, the disturbance making the output power of wind
turbine power be fluctuated, resulting in that it is difficult to reach the ideal accuracy of power
prediction, but also brought impact to the wind turbine and power system connected with it, such as,
shortening the life of the wind machine, reducing the quality of power of power grid , and even
brought voltage flicker problem[1-3]. Therefore, it is necessary to establish accurate wind speed
model to simulate the changing fluctuation of wind speed.

The Modeling

Single Wind Wake Model. The wake of single wind turbine can be described by using the Jensen
model [4]. The model thinks that the initial diameter of the cross section of the wake flow farm is
wind wheel diameter, 7., expressing the length of wind turbine blade. Using d to express the
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distance of the downstream of turbine, 7, expressing the radius of the cross-section of wake flow,
then the radius of the cross-section of the wake flow can be expressed as:

r,=r, +k*d (D)

in which k& being shape coefficient, usually the onshore wind farm taking k& =0.075, offshore
wind farm being &k =0.04 [5].Using v, ,v,,, v, respectively to expresses the natural wind speed, the

w0 >
wind speed of the back of wind turbine, the speed of wake flow. We can get the wind speed of the
back of wind turbine by momentum theory:
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v, =(0-a)v, )
a is the induction factor of axial, a =1—/1-C, C, is thrust coefficient of wind turbine.
The speed of the wind turbine in the wake: ’

v, (d) =v0[1—a(%)2] 3)

w

The Model of Overlay of Wake Flow. For two fans with the relative distance that being along wind
direction, the length of the fan blade of downstream being r, ,, swept area being 4, , . When the wake

flow of a fan of the upstream reached d , the wake radius beingr, (d), the effect area of the wake flow
being A, (d). Regulating the overlap area of the other two units is 4 , according to the degree of

overlap, we can divide the influence of the wake flow of upstream fan on the fan of downstream into
three kinds: under lap, completing overlap, partial overlap. The overlap area of the former two cases
are 0, 4, . For partial overlap, according to the overlapping area it can be divided into two cases in

figure 1, and respectively giving the calculation method of overlapping area.
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Figure 1 Schematic diagram of overlap of fan
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According to the law of conservation of momentum, we can calculate the input speed of any fan i
in the wind farm by formula (6):

2
rrot _dcl (5)

Vv, = \/Vioz - Zﬂm [Vio2 ~Vo-ik (dik )2] (6)
=
in the formula, v, expressing the wind speed effecting on the fan i; v,, expressing the wind speed the
i fan without the effect of any wake flow and tower shadow; £, being the ratio of the projection area
of the £ fan in the wind wheel of the i fan compared with the area of wind wheel of the i
fan: B, =4, /A, . 5 Vi (d, ) being the wind speed of wake flow when the k fan effecting on
thei fan; d, expressing the relative distance downwind between fan i and fan &

Time Delay Model of The Wake Flow of Fan. Considering the time delay of wind speed
between fans, thinking approximately that the wind direction of transmission being the current wind
direction, the route of transmission being a straight line, the transmission speed being the wind speed
of the back of the upstream fan, ignoring the loss of wind speed and the abouchement of natural wind
speed in the transmission process. We can calculate and get the capturing speed v,(t) of unit i atthe t

moment:

640



()= o= Bl O -v, (dyt—T,)] )

k#i

in the formula, 7}, =V, / d, said the time delay effect of the wake flow of unit &k to unit i.

The Distribution Model of Dynamic Space of Fan. In the actual operation of wind farm, wind
direction is dynamic. We must be based on the distribution model of dynamic space of fan that
considering the effect of the change of wind direction on the wind flow.

(1)The establishment of the initial coordinate system

Taking the counter-clockwise direction as the forward direction, the fan in the north side of the
wind farm is the pole, taking east direction as the polar axis. According to the distribution of the fan
position, to obtain the initial coordinate of # fan in the wind farm. The coordinate of any fan i in the
wind farm is p,(r,6),r,, 6, respectively said the distance between unit i and pole, the included

angle between the unit i and the polar axis.

(2) The transformation of dynamic coordinate

Taking the north direction as the wind direction angle of 0 degree, clockwise direction is positive,
the wind direction angle at any time being . According the wind direction angle to take rotation
transformation on the initial coordinate, taking clockwise rotation anglefon the pole axis of new
coordinate to get the pole axis of the initial coordinate, after transformation, the coordinate of any fan

I in the wind farm is p(x,0), which r = 7,0 =0+ f3 .

(3) Calculating the relative position of fan according to the location of new coordinate

The new coordinate after transformation can be decomposed to obtain the position of each unit in
downwind and crosswind directions. In which, the coordinate of any fan i is p,(r;,6,), the position

of it in the downwind and crosswind direction respectively beingd , =r'sin@' ,d =r,'cos@'. The
downwind and crosswind directions of all » fans in the wind farm are:
Dg=[d,,d,,...d,] .D =[d,d.,,..d,] (8)
Sorting the fans in the wind farm from small to large according to the wind direction, we can get
the collection of all the £ fans of the upstream of any uniti , and can calculate the relative position of
the downwind and crosswind of the relative unit i of the £ fans. Assuming that the number of
upstream unit as the 1, 2, .... k. The relative position of the downwind and crosswind of the relative
unit i of the fank respectively are :

Ds[ = [dsllﬂdsﬂ""’dsik] :[dsl _d ds2 _dsi""’dsk _d ] (9)

si? si

Dci = [dc[l’dci2""’dcik] = [dcl _d

ci’dc2_d dck_dc[] (10)

The establishment of the dynamic wind speed distribution model of wind farm. The
distribution curve of the model of this paper using the location of wind farm is according to the
method of setting model of the above analysis to set the initial space model, taking the real time data
of anemometer tower as the input of model. According to the wind direction to take the coordinate
transformation, calculating the relative space position of the unit in the current moment, determining
the marshalling sequence of units of upstream and downstream and the relative distance of crosswind,
then calculating the interaction of the wake flow of the units. At the same time, through the relative
distance of the downwind of units and the wind speed of the back of the units to determine the travel
time of the wake flow, calculating the wake effects of time delay. Finally, the model gives the real
time speed of each fan in wind farm as result.

i
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Examples

This paper takes a wind farm as the research object for the wind speed modeling and verification,
the electric field being equipped with 33 sets of 1.5SMW wind turbines, blade length being 37.5m.
Figure 2 shows the location map of part of the fan used in the simulation of the section.
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Figure 2 The location map of partial fans of wind farm

This section took simulation comparison on the traditional distribution model of wind speed and
the distribution model of dynamic wind speed put forward by this paper that considering the wind
direction and interference effect of fan. The selected wind direction of the traditional distribution
model of wind speed is constant and is the main wind direction of the current season: north wind (0
degrees); the distribution model of dynamic wind speed considering wind direction and interference
effect of fan took the real time data of anemometer tower as input.

The simulated wind speed of
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The simulated wind speed of
traditional model

The simulated wind speed of]
/l(/ the paper

\
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Figure 3 The contrast of the simulated wind speed and the real time wind speed of the fan

Extracting the wind speed of WT27 from the output results of two kinds model, comparing the
actual wind speed of the fan, the result being shown in figure 3. The distribution model of dynamic
wind speed considering the effect of wind direction got that the simulated wind wave is more
consistent with the real time wind speed wave, the amplitude being basically identical. Figure 4 and
table 1 took deviation analysis on the simulated wind speed and the real time wind speed of the two
models. We can see that the deviation between the simulated wind speed and the real time wind speed
of the traditional model is basically negative, namely the actual wind speed is less than the simulated
wind speed. This is because the traditional model in the simulation took the north wind and made it be
unchangeable, and then the location of WT27 is basically not affected by effects of upstream wake
flow of fan; and when the wind in the northwest and northeast slightly offset, while the offset angle is
small, the fan in this location being too close, the slightly change of the relative position of the fan
WT27 that can make the fan WT27 be in the influence range of wake flow of WT26 or WT28,
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resulting in the reduce of wind speed of fan WT27, showing as that the actual wind speed is smaller
than the simulated wind speed. And for the distribution model of dynamic wind speed of the wind
farm put forward in this paper, because considering the influence of the wind speed change on the
relative position of the fan, the deviation being on the fluctuation of the Om/s, the deviation of model
was obviously smaller than the deviation of traditional model. Table 1 gave the data of deviation of
two kinds of models, the accuracy of the distribution model of dynamic wind speed considering the
influence of wind direction got greatly improved compared with the traditional model of the wind
speed, can be more accurately to describe the dynamic changes of wind speed of wind farm.

Deviation of wind
speed(m/s)

1 1
0 50 100 150
Time/10min

Figure 4 The deviation analysis of the real time wind speed and the simulated wind speed

Table 1 Comparison of the deviation of simulated wind speed of the two kinds of model

The biggest deviation =~ The smallest deviation = The average deviation

(m/s) (m/s) (m/s)
Traditional model 7.6 0 1.4917
The model of this paper 2.9 0 0.6201
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