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Abstract 

In this paper considered the engineering analysis of a diffuser with a closed-type wind power plant  by converting the 

kinetic energy of the oncoming wind into electrical energy. The study of the wind turbine  diffuser was carried out in order 

to increase the energy efficiency of converting wind energy into electrical energy. The closed-type wind turbine design is 

converted into a finite element model for aerodynamic calculations. The model of a closed-type wind turbine is 

investigated by changing the angle of attack of the  diffuser, with various options for its parameters in order to find the 

most optimal conditions for increasing the energy efficiency factor of the energy carrier, which will ensure high energy 

efficiency of converting wind energy into electrical energy. Based on the study results was recommended the diffuser with 

the optimal angle of attack by constructing a closed-type wind turbine. 
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1. Introduction

To increase the energy efficiency of the converter, it is 

necessary to study and find the best design of the 

structure, which allows increasing the air mass flow rate, 

since even a slight increase in the air mass flow rate will 

have a great energy efficiency, because the kinetic energy 

depends on the speed in the third degree [1, 2]. 

In work [3], on the basis of engineering analysis, the 

results were obtained and appropriate recommendations 

were given for the effective use of the autonomous 

building roof by using closed-type wind turbines. In this 

work, we analyzed the diffuser of a closed-type wind 

turbine to increase its efficiency in the installation. 

The study of the wind turbine confuser was carried out 

in the software-scale engineering analysis COMSOL 

Multiphysics, which carries out calculations using the 

finite element method. This method is widely used in 

modeling the processes of diffusion, heat conduction, 

hydrodynamics, mechanics, and its scope is expanding 

with the capabilities of computing systems. Usually, for 

solutions of hydrodynamics, the Euler problem setting is 

used. The mesh overlaid on the computational domain 

remains stationary throughout the entire solution process. 

However, by using such an approach, difficulties arise in 

approximating convective terms [4]. 

These difficulties are removed by using the Lagrangian 

description of the medium. The essence of this approach 

is that the grid nodes move with the environment, which 

allows us to consider them as particles of the 

environment; in this case, the mesh itself is deformed or 

rearranged at each step of the solution. One of the 

methods using the Lagrangian description of the medium 

is PFEM - the finite element method with parts [5, 6, 7, 

8]. 

The finite element method with particles is used to 

simulate fluid flows in a complex shape, fluid flows from 
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a free surface, splashing processes, as well as solving 

conjugate problems of hydroelasticity. To solve these 

problems, Lagrangian methods of various types are 

traditionally and efficiently used: in conjugate problems 

of hydroelasticity - the methods of vortex elements [9, 

10], in modeling flows with a free surface - the method of 

smoothed particles SPH [11, 12]. The advantages and 

disadvantages of using early methods and particle 

methods as applied to solving various problems are 

discussed in detail in [13, 14]. 

To simulate a stream widely applied system of 

differential Navier-Stokes equations. The main problems 

in solving the Navier-Stokes equation are related to 

differential equations for the equations of motion of mass 

and motion. To solve these problems, methods of 

determining the pressure of the Poisson equation [15], 

equations for corrections [16], penalty functions [17], 

supplementing the continuity equation with a 

nonstationary term [18], and regularizing the matrix of 

coefficients with time derivatives [19, 20] are used. In 

addition, there is a problem of the existence and 

smoothness of the Navier-Stokes equation for the solution 

of which various methods are used [21-28]. 

The aim of the work is to find most efficient diffuser of 

the converter of wind energy, which will optimally 

convert the kinetic energy of this energy and increase the 

range of its operation by reducing its threshold. 

There is must be solved: the design model of the wind 

turbine case in the software simulation for analysis must 

be sufficiently close to the full-scale model. For this, the 

model should be sufficiently small in the safety area to 

avoid errors in hydrodynamic calculations; the calculation 

area above the wind turbine model should be high enough 

to avoid narrowing the air flow. 

2. Methods

A three-dimensional model of a closed-type WPP 

construction and a building roof is shown in Figure 1 and 

consists of the following elements: 

(i) the directive cone, located in the middle of the

construction on one axis with the WPP housing,

directs the air flow to the turbine blades area of the

WPP;

(ii) the housing of the WPP, consisting of a front cavity,

made in the form of a truncated cone, and an

expanding back cavity, which contribute to the

acceleration of the air flow in the area of the turbine

blades of the WPP;

(iii) the ejector which is the outer part of the construction

of WPPs, the inner side of which is constant at a

small angle relative to the WPP housing, narrows

and directs the air flow at the outlet to create a low

pressure region behind the turbine by entrainment

with a flow of exhaust air molecules. Thus, it

additionally contributes to the acceleration of the air

flow in the turbine blades area of the WPP.

This design contributes to an increase in the speed of 

the wind flow through the use of the confuser and 

diffuser. Orientation to wind is carried out due to the 

shank of the wind turbine located behind the body. A DC 

generator is used to convert the rotational mechanical 

energy into electrical energy and is located behind the 

guide cone at the border of the confuser and diffuser. The 

blades of the proposed low-power WPP are made of light 

composite materials, so the calculation of the load on 

them was not considered. The local WPP can be used in 

tourist recreation areas, farms, etc., where large capacities 

are not required, it is sufficient to install it on standard 

buildings without special strengthening of the building 

elements. 

Figure 2 shows the cross-section of the closed-type 

wind turbine housing separately. Since the structural 

elements of the wind turbine are bodies of rotation, a 

cross-section of the model is used to simplify the 

calculation, computational operations and analysis of the 

most effective areas of the structure. This model is built in 

the “Geometry” interface of the software. Next, the 

material of the elements of the model under study is 

selected, in this case, air is selected as the current area and 

iron as the material of the wind turbine structure. Then the 

boundary conditions are set: inlet velocity, outlet pressure, 

symmetrical walls. This interface simulates the flow of a 

fluid with any velocity based on the solution of the Navier 

- Stokes equations in various formulations. This interface

is designed to simulate low-velocity flows, creeping

(Stokes) flows, laminar and turbulent fluid flows. To

describe turbulent flows, the Reynolds-averaged Navier-

Stokes equations (RANS) are used, supplemented by

various turbulence models: standard and low Reynolds k-

ε models, k-ω and SST (Menter) models, and the Spalart-

Allmaras model. The Reynolds averaging method for the

Navier - Stokes equation consists in replacing randomly

varying flow characteristics (velocity, pressure, density)

with the sums of averaged and pulsation components. The

Reynolds equations describe the time-averaged fluid flow,

their feature (in comparison with the original Navier -

Stokes equations) is that they have new unknown

functions that characterize the apparent turbulent stresses.

To carry out the calculation, a standard k-ε model was 

chosen to describe a turbulent flow, where the equations 

of motion are transformed to a form in which the 

influence of fluctuations in the average velocity (in the 

form of turbulent kinetic energy) and the process of 

reducing this fluctuation due to viscosity (dissipation) are 

added. This model solves two additional equations for the 

transport of kinetic energy of turbulence and transport of 

dissipation of turbulence. This model is most often used 

when solving real engineering problems.  
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Figure 1. The three-dimensional model of the closed 
type WPP construction and roof of the building 

Figure 2. Cross-section of closed wind turbine 
housing 

In the meshing interface, a method of dividing the 

model is selected from four types of calibration for each 

of its sections: “general physics”, “fluid dynamics”, 

“plasma”, “semiconductor”. Then a predefined grid size is 

set. For the area of the current environment of the model, 

the second type of calibration is selected, i.e. “Fluid 

dynamics”, and for the wind turbine design - the first type 

of calibration, i.e. "General physics". The constructed 

mesh for one of the options of the closed-type wind 

turbine structure model is shown in Figure 3. It can be 

seen from the figure that the mesh near and along the 

edges of the structure is refined, which will take into 

account changes in parameters in these important zones 

for a sufficiently accurate description of flow processes. 

Figure 3. One of the options of the closed-type wind 
turbine housing computational grid 

3. Results and discussion

In work [29] concentrators for increasing wind speed are 

considered. Here, shaping affects the efficiency of wind 

generators. The proposed solutions for the new shaping of 

concentrators are not effective enough due to the lack of 

research on finding an effective design, and they also 

have different turns, where part of the kinetic energy of 

the wind is lost. In addition, work [30] compares several 

CFD RANS k-ω SST and LES models in modeling the 

wake of wind turbines. The structural uncertainty of 

RANS is quantified when predicting the wake of wind 

turbines without considering the influence of various 

types of wind turbine design in order to identify the most 

efficient power plant. Therefore, in order to identify the 

most efficient design of the power plant, it is necessary to 

carry out calculations under various conditions for each 

element of the installation. 

The calculations were carried out by changing the 

length of the wind turbine body to obtain different angles 

of attack of the diffuser of the installation. The results of 

the calculations can be obtained in the form of various 

diagrams and graphs according to the necessary 

parameters for analyzing the results obtained. Figure 4 

shows a diagram of the air flow velocity contours 

according to the design of a closed-type wind turbine. It 

can be seen that in the zone of the turbine, where the flow 

is narrowed by the casing and the wind turbine guide 

cone, the flow rate reaches its maximum value, beyond 

this zone the flow rate begins to decrease. A slight 

decrease in the air flow rate is observed along the outer 

edges of the wind turbine housing. 

 And the diagram of the pressure contours for these 

conditions is shown in Figure 5. It can be seen from this 

figure that the low pressure zone is located behind the 
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wind turbine, especially in the area of the wind turbine 

blades, where the maximum air flow rate is reached. 

 

 

Figure 4. Closed-type wind turbine along the casing 
air flow velocities contours diagram 

 

Figure 5. Pressure loops diagram of the air flow 
along the casing of the closed-type wind turbine 

To obtain data on the speed in the area where the 

turbine is located (the vertically located red line in Figure 

6), a graph of the dependence of the air flow rate on the 

length of this zone is plotted, which is shown in Figure 7. 

The drop in the air flow rate in the middle of the graph 

shows the shaded area of the guide cone of a closed-type 

wind turbine, where the generator and the turbine housing 

are located, as well as the increase in speed on the sides - 

the area of the turbine blades, where the maximum air 

flow rate in the structure is reached. 

 

 

Figure 6. Air flow rate plotting area 

 

Figure 7. Air flow velocity graph at the location of 
closed-type wind turbine blades 

The results of the calculations performed for various 

options at an initial wind speed from 5 m/s to 40 m/s are 

shown in Table 1  
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Table 1. Results of wind speed in the turbine area  

ϑi, m/s α, 0 ϑmax, m/s 

5 7.97 7.33 

8.84 7.57 

9.93 7.49 

11.31 7.4 

13.13 7.46 

15.64 7.2 

19.29 7.24 

25.02 7.14 

34.99 6.99 

10 7.97 14.8 

8.84 15.3 

9.93 15.1 

11.31 14.9 

13.13 15 

15.64 14.4 

19.29 14.5 

25.02 14.3 

34.99 14 

15 7.97 22.2 

8.84 23 

9.93 22.7 

11.31 22.4 

13.13 22.5 

15.64 21.7 

19.29 21.8 

25.02 21.5 

34.99 21 

20 7.97 29.7 

8.84 30.8 

9.93 30.4 

11.31 29.9 

13.13 30.1 

15.64 28.9 

19.29 29.1 

25.02 28.7 

34.99 28.1 

25 7.97 37.2 

8.84 38.6 

9.93 38.1 

11.31 37.5 

13.13 37.7 

15.64 36.2 

19.29 36.4 

25.02 35.9 

34.99 35.1 

30 7.97 44.8 

8.84 46.4 

9.93 45.9 

11.31 45.1 

13.13 45.3 

15.64 43.5 

19.29 43.7 

25.02 43.1 

34.99 42.2 

35 7.97 52.4 

8.84 54.3 

9.93 53.7 

11.31 52.8 

13.13 53 

15.64 50.8 

19.29 51.1 

25.02 50.4 

34.99 49.2 

40 7.97 60 

8.84 62.3 

9.93 61.5 

11.31 60.5 

13.13 60.7 

15.64 58.2 

19.29 58.5 

25.02 57.7 

34.99 56.3 

 

Table 1 shows that the maximum acceleration of the air 

flow through the structure in the area of the turbine is 

achieved at a diffuser angle of attack of 8.840. Therefore, 

when designing and building closed-type wind turbines, it 

is recommended to take the angle of attack of the diffuser 

in the region of 90. 

Conclusions 

1. The shape of the wind turbine structure element 

has been developed to effectively increase the speed of 

the incoming air flow, such as a diffuser in the installation 

body. 

2. The analysis of the change in the parameters of the 

wind turbine diffuser, in the absence of some elements, 

and at different angles of attack. 

3. Based on the results of the analysis, an effective 

version of the design of the wind turbine was identified, 

where the greatest acceleration of the incoming air flow is 

achieved, and it was recommended to take the angle of 

attack of the diffuser in the region of 90. 
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