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Abstract 

Reliable wind modelling is of crucial importance for wind farm development. In the 
process of wind farm layout optimization, the use of accurate wake model can not only 
maximize power generation, but also minimize energy cost and prolong the service life 
of wind turbines. At present, Jensen wake model is still widely used in wind engineering 
applications and commercial software to simulate wake effect between wind turbines, 
which has great inaccuracy. Based on the classical Jensen model, an improved 2D_k 
Jenson wake model is developed and assessed using various test cases. Restricted by the 
computation resources, engineering wake models are still widely used in the wind 
power industry. The developed model is based on the Jensen model and further uses a 
cosine shape function to redistribute the spread of the wake deficit in the crosswind 
direction. Several numerical examples are given to illustrate the effectiveness of the 
proposed method. Jensen wake model shows good performance in both the prediction 
of velocity distribution and turbulence intensity distribution in wind turbine wake and 
the evaluation of wind power generation. It can be inferred that this method can be 
applied to the micro site selection of wind farms and provide more accurate wind farm 
characteristic data for developers. For flat terrain wind farm to carry out unit layout 
optimization research, the vestas-v80 wind turbine is selected to calculate 42 wind 
turbines of the wind farm. 
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1. Introduction 

Wind energy has become a mainstream energy resource with rapid development in the past decades 

[1]. With the substantial increase of its installed capacity and the improvement of environmental 

benefits, it has attracted the attention of many investors. In order to maintain its economic 

attractiveness, the cost of wind energy must continue to decrease. From a technical point of view, 

improving the power generation efficiency of wind farms and reducing the loss are the core to deal 

with the challenge of wind energy. Wake effect is one of the key factors affecting wind farm 

performance and power generation. In the initial stage of wind turbine wake research, the main 

purpose is to solve engineering problems, the content is the influence of far-field wake on downstream 

wind turbines, in order to determine the optimal spacing of wind turbines, and carry out micro site 

selection of wind farms. 

The wake model proposed by Jensen [2], also known as park wake model, has been used in most 

researches to solve the optimal layout of wind farms, and has been proved to be able to predict the 

power generation within the acceptable energy loss range of wind farms. The model assumes a linear 

expansion wake, whose wind speed deficit only depends on the distance behind the rotor and remains 

constant in the downwind direction. However, the relevant wind tunnel experimental data [3] and 

wind field measurement data [4] show that the Jensen wake model underestimates the wind speed 
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deficit in the far wake region (greater than 3D). Tian Linlin also proposed a two-dimensional wake 

model based on Jensen in 2014, which is called 2D wake model_ K Jensen wake model. She assumed 

that the velocity distribution curve in the wake region is a cosine function, and also adopted the law 

of mass constancy and the linear expansion characteristics of the wake. The advantage of this model 

is not only that it can better predict the turbulence level in the wake, but also put forward a simple 

empirical engineering model of turbulence intensity in the wake based on the work of Crespo, 

Hernandez [5] and Frandsen [6]; The effect of additional mechanical turbulence intensity in wake 

region is also fully considered. The velocity recovery speed of 2D_K wake model is faster, especially 

in the far wake area. The predicted wake velocity loss is very close to the measured data. 

2. Theoretical model 

2.1 Jenson model 

Jensen model is based on the principle of momentum conservation in the control body: 

𝜋𝑟1
2𝑢1 + 𝜋(𝑟2 − 𝑟1

2)𝑢0 = 𝜋𝑟𝑥
2𝑢                       (1) 

Where r1 is the wake radius behind the wheel; u1 is the downstream wind speed close to the wind 

wheel; u0 is the incoming wind speed; u is the wind speed at x position downstream of the wind 

turbine, and rx is the wake radius at x position downstream of the wind turbine. Jensen model assumes 

that the region expands linearly, and k is used to represent the expansion rate of wake region, then rx 

is expressed as: 

𝑟𝑥 = 𝑘𝑥 + 𝑟1                                (2) 

According to the theory of actuator disk, it can be seen that: 

𝑎 = (1 − √1 − 𝐶𝑇)/2                            (3) 

Where a is the axial flow induction factor, which is related to the thrust coefficient CT of the wind 

turbine. 

The wake wind speed u2 is expressed as: 

𝑢2 = 𝑢1[1 − 2𝑎/(1 + (𝑘𝑥/𝑟1)
2]                        (4) 

2.2 2D_K Jensen 

Based on Jensen's model, Tian Linlin proposed a 2D_ K Jensen wake model has been tested, such as 

the formula. 

Step 1: 

𝑢 ∗= 𝑢0[1 − 2𝑎/(1 + 𝑘𝑥/𝑟1)
2]                         (5) 

𝑟𝑥 = 𝑘𝑥 + 𝑟                                (6) 

Step 2: 

𝑢 = (𝑢0 − 𝑢 ∗) 𝒄𝒐𝒔( 𝜋/𝑟𝑥𝑥 + 𝜋) + 𝑢 ∗                       (7) 

The new model is implemented in two steps: firstly, the velocity distribution of Jensen wake model 

in radial direction is modified from constant to cosine type, and the 2D Jensen wake model is obtained; 

In the second step, the wake expansion coefficient is modified to correlate the turbulence intensity in 

the wake, and a 2D model is proposed 2D_ K Jensen wake model. Compared with the actual wind 

field and wind tunnel test data, the results show that the model has high prediction accuracy for the 

wake flow field distribution of wind turbine, and the form is simple, which can be used to evaluate 

the wind farm power generation and optimize the wind farm layout. 

3. Analysis of model results 

In order to show the effect of the modified model more vividly, figure 1 shows the velocity 

distribution cloud (CT = 0.8) at the hub height in the wake area calculated by Jensen model, 2D Jensen 

model and 2D_k Jensen model respectively. Since Jensen series models are applicable to the far wake 
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region, the displayed results take effect from the downstream 3D position. As shown in the figure, 

the velocity given by the original Jensen model is only a function of the downstream position x, and 

its calculated velocity is constant along the radial direction; The flow direction of the 2D Jensen 

model changes with the downstream distance, and the radial distribution is cosine function; The 2D_ 

k Jensen model is very similar to the 2D Jensen model in the velocity distribution, but the wake 

recovery predicted by the former is much faster than that predicted by the latter, which is mainly due 

to the fact that the additional turbulence generated by the wind turbine increases the turbulence 

intensity in the wake region, and the stronger turbulence helps the wake to have convection diffusion 

effect with the surrounding free flow to accelerate the wake speed recovery. 

 

 

Figure 1. The velocity distributions in the wake region are calculated by 2D Jensen model and 2D_k 

Jensen model respectively 

 

4. AEP 

AEP (annual energy production), refers to the total annual power generation of wind farms 

The selected wind turbine is Vestas-V80, with a rated power of 2MW, a diameter of 80m and a hub 

height of 70m. 

The wind farm scale of AEP is 10 km × 10 km, and the wind turbines are arranged in six rows and 

seven columns.Distance between front and back of wind turbine: 5.5D = 440m. Surface roughness: 

Z0 = 0.12. Where A = 8; c=2.09 and the first flow velocity: 3 ~ 25 m / s 

The results of AEP are shown in the table 1 below by programming matlab program 

 

Table 1. AEP value of each wind turbine 

AEP/MWH 
First 

column 

second 

column 

third 

column 

fourth 

column 

fifth 

column 

sixth 

column 
SEVENTH 

COLUMN 

first line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 

second line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 
The third line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 

Fourth line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 

The fifth line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 

Sixth line 6629.42 4877.10 3534.36 2561.37 1871.68 1385.56 1058.45 

 

5. Conclusions 

In this study, based on Jensen wake model, which is widely used in wind engineering, a 2D_k Jensen 

wake model with higher accuracy is developed. Compared with the original Jensen model, 2D_k 
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Jensen model has two improvements. First, cosine type function is used to describe the wake velocity 

distribution in the radial direction, which makes the model have two-dimensional characteristics; The 

second is that the wake expansion coefficient is modified to be a variable varying with the turbulence 

intensity. The two-step correction is consistent with the distribution characteristics and development 

law of the real wake flow field. The research has obtained the best solution with the lowest energy 

cost, with the maximum power generation and improved wind farm efficiency.  
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