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Abstract: With the scarcity of fossil energy and the pollution caused by its excessive 

use, the importance of wind power generation has increased year by year. The article 

explains the significance of wind power industry development in environment, energy 

substitution and national energy security, and discusses the development history, 

future development trend, structural principle, and application background of vertical 

axis wind turbines and horizontal axis wind turbines. Compare. It points out the 

significance of vertical axis wind turbines for the wind power industry under the 

current situation of the industry with the lift horizontal axis as the mainstream. 
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1. The significance of wind power development 

1.1 Significance for the environment 

In the existing energy structure, fossil energy still occupies a dominant position, and 

with the use of large-scale fossil energy, a large number of CO2-based greenhouse 

gases are emitted. According to WWF statistics, the global average temperature has 

risen by the end of 2005. 0.74 degrees Celsius [1]. In this context, the importance of 

clean energy is gradually increasing. In clean energy, the reserves of wind energy are 

10 times that of global water energy, and about 53 trillion kWh has great development 

prospects. It is estimated that the EU can meet all its energy needs by using only two-

thirds of the wind energy in its coastline [2]. The main application of vertical-axis wind 

turbines and off-grid power supply devices have the advantages of low cost and low 

noise. To some extent, the use of diesel generators has been reduced, and the 
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development of vertical-axis wind turbines is of great significance to the environment. 

 

Figure 1 Environmental pollution 

 

1.2 For energy substitution 

At the present stage of society, energy is an extremely important material resource in 

the development of civilization. Energy has undoubtedly become the focus of attention 

of all countries. China's coal resources account for 11.6% of the world's total reserves. 

According to the proven data of global coal, it can be mined for 230 years, of which 

China's coal resources can only be mined for 90 years. China's proven oil reserves 

account for 2.4% of the world's total reserves, the global exploitable time is 48 years, 

and China can only exploit for 22 years. 

Table 1 Recoverable reserves of remaining energy resources 
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Fossil energy has the characteristics of non-renewable. Human beings must face the 

problem of transformation of energy structure. Among many alternative energy 

sources, wind energy has the advantages of large reserves and wide distribution and 

is an important part of alternative energy in the future. 
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1.3 Significance for national energy security [4] 

Energy is a very strategic material resource, and the distribution of fossil energy at 

the current stage is extremely uneven and has a strong regional character. After the 

first oil crisis, Western countries realized that the national energy supply was 

completely subject to human danger, and hoped that the development of a form of 

other energy sources that could be supplied by itself as a substitute energy would 

alleviate the risk that energy is completely subject to oil-producing countries. 

Undoubtedly, wind power has the above advantages, and as a result, the wind power 

industry has also ushered in a rapid development. 

 

2. Wind turbine development history 

2.1 History of modern wind turbine development 

According to the relevant data, the earliest windmill appeared was the vertical axis 

windmill invented by Persian Abruruya in 644 AD. After the development of time, the 

windmill was also used in a series of manpower such as water pumping, and the 

animal power was difficult to complete. The work and the earliest windmills mentioned 

above belong to the resistance type vertical axis fan in principle structure. 

 

Figure 2 Persian windmill 

 

 

Figure 3 Dutch windmill 

The horizontal axis fan first appeared in Brabant, and the horizontal axis windmill 

developed at a faster speed in the future. Among them, the wooden horizontal axis 
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windmill that appeared in the 3rd century was the most popular. However, the 

horizontal axis windmill lacks a windward device, and there is great instability in energy 

conversion. The “Dutch windmill” invented in the Netherlands in the 16th century had 

a certain wind-fighting capacity. After that, the horizontal-axis fan further expanded 

its application range, and its structural design was quite perfect in the 19th century. 

[5] 

 

2.2 Modern development of wind turbines 

Although vertical axis fans occur much earlier than horizontal axis windmills, modern 

research on vertical axis wind turbines lags behind horizontal axis wind turbines. In 

the 1920s and 1930s, a variety of vertical axis wind turbines appeared. Including the 

Sabinus vertical axis wind turbine invented by Finnish engineers, the 1931 French 

engineer Darier invented the Darryl vertical axis lift-type wind turbine. The original 

models are Φ type and H type, after years of development. Other derivative models 

such as triangle plus vertical have appeared. Horizontal axis wind turbines also 

ushered in rapid development, and their development is mainly reflected in grid-

connected and single-machine power expansion. 

 

Figure 4 Modern large horizontal axis wind turbine 

 

2.3 Future trends According to the forecast of the Global Wind Energy  

Association, the wind energy market will enter a stable period after ten years, but it 

will remain in the current level for several years [6]. 

At present, a major mainstream development trend of horizontal-axis wind turbines is 

from land to sea and achieves a large megawatt of single-machine capacity. Onshore 

wind turbines have been in different forms for hundreds of years, compared to 

offshore wind turbines. Usually, the sea breeze is much faster than on land, so it has 

greater potential for power generation, which is why offshore wind turbines are larger 

than onshore wind turbines. Although today's large offshore wind turbines have 

reached 7MW, it is clear that manufacturers will develop and install larger capacity 
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wind turbines. 

The trend of vertical-axis wind turbines is that the energy source “diversification” can 

be combined with solar energy, diesel, water energy and biomass energy to develop 

diversified off-grid power supply devices, making the utilization of wind energy more 

“diversified” and “flat”. 

 

3. Horizontal axis wind turbine model 

Horizontal Axis Wind Turbine is a wind turbine with an impeller axis mounted at an 

angle of no more than 15° from the horizontal. 

 

3.1 resistance horizontal axis wind turbine 

The resistance type horizontal axis wind turbine appears earlier than the lift type 

horizontal axis wind turbine. It is similar in principle to the resistance type vertical axis 

wind turbine but has more windward adjustment devices than the vertical axis wind 

turbine, and the number of blades is 9-12. However, its wind energy utilization 

coefficient is smaller than that of the lift type horizontal axis wind turbine, and its main 

advantage is that it is not affected by the disturbance. With the rapid development of 

lift-type horizontal-axis wind turbines, the resistance horizontal-axis wind turbines are 

used in a small range in the modern wind power industry. 

 

Figure 5 Resistance horizontal axis wind turbine 

 

3.2 Lift horizontal axis wind turbine 

Compared with the multi-blade design of the resistance type wind turbine, the number 

of blades of the lift type horizontal axis wind turbine is less than 1-3, but its structure 

has a high wind energy utilization coefficient, and the wind energy utilization of the 

large horizontal axis lift-type wind turbine The coefficient can generally reach more 

than 40%, and the wind energy utilization coefficient of the small horizontal axis lift-

type wind turbine can reach 25%. At present, the horizontal axis lift-type wind turbine 
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has accounted for more than 97% of all wind power generation devices and has been 

widely used all over the world. 

 

4. Vertical axis wind turbine model 

Vertical Axis Wind Turbine is a wind turbine with an impeller axis mounted at an angle 

of 15° to 90° from the horizontal. 

 

4.1 Lift vertical axis wind turbine 

The lift-type vertical-axis wind turbines use the lift of the airfoil to do work, typically a 

Darien-type wind turbine invented by the French engineer Dalieu in 1931. The Darryl 

type wind turbine has various structural forms: H type, Δ type, Y type, and Φ type, 

and according to the shape of the blade, the Darryl wind turbine can be divided into 

two types: straight blade and twisted blade. The wing profile is mostly symmetrical. 

The curved blade (Φ type) mainly makes the blade only bear the tension and does not 

withstand the centrifugal force, but its geometry is fixed, and it is inconvenient to use 

the pitch method to control the rotation speed [7]. Straight blades are generally 

supported by hub arms and cable supports [8] to prevent excessive bending stress 

caused by centrifugal forces, but these supports generate aerodynamic drag, reduce 

efficiency, and are less expensive to manufacture than curved blades. 

The Dalier type wind turbine has the characteristics of high rotation speed, large 

rotational inertia, and simple blade structure. However, its wind energy utilization 

factor is 30%-40%, but its self-starting ability is poor. 

 

Figure 6 Darien wind turbine 

 

3.2 Resistance vertical axis wind turbine 

The resistance type wind turbine includes a diversion wind turbine, a Sabinus wind 

turbine, etc., and the Sabinus wind turbine is composed of two semi-cylindrical blades 

whose axes are offset from each other by a distance. The S-shaped blade will produce 

a certain lift, but mainly resistance, which makes it have a large starting torque and 
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good starting performance, but its wind energy utilization coefficient is only 0.15. 

The diversion type wind turbine first appeared in 1982, and there is a coil outside the 

stator that can guide the air to the active surface. [9] According to the experimental 

results, compared with the traditional resistance type, The wind energy utilization 

factor has been greatly improved. 

 

Figure 7 Resistance vertical axis wind turbine 

According to experiments, the reason for the low utilization rate of wind energy of the 

resistance wind turbine is that the side is subjected to the resistance when the wind 

impacts the wind wheel. Based on the above analysis, the design idea of reducing the 

resistance surface is obtained, and various resistance vertical axes are formed. Wind 

turbines, but their actual use value is too small, so I will not list them here. 

 

4. Future development of wind power 

At this stage, the wind energy industry is still developing at a relatively fast speed. It 

is expected that the industry will continue to grow by 25% in the future for a long 

time, but the wind power industry still faces the following problems. Large horizontal 

axis wind turbines are subject to Due to the influence of the turbulence, the 

development coefficient is low, which requires a large amount of land. With the 

increase of the horizontal axis wind turbine, the blade material has a strength 

bottleneck, and the vertical axis wind turbine is difficult to enlarge. 

However, the overall development of the wind energy industry plays an important role 

in avoiding the huge losses and economic risks caused by global warming. With the 

rapid spread of wind farms around the world, the accumulation of operational 

experience and the ongoing research on wind energy development. The cost of 

helping wind power generation has been drastically reduced, and even traditional 

power generation costs have been approached in some areas. In the next few 

centuries, wind power generation capacity will continue to grow steadily. 
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