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Abstract - To effective use of wind energy resources in low wind region, the “vertical axis-building 
block -pressure type” blade is developed. Firstly, a large rectangular frame is designed in order to 
form a slice of whole blades; Secondly, several small units which can turn freely around the shaft 
are installed on the whole blades; Finally, the two pieces of the overall blades are made of a pair of 
big blade and it is installed in the axis of wind turbine, which is symmetrical of left and right sides. 
While working, wind energy would press vertically a whole blade to get moving torque and drive 
the generator to power. To verify the design results, this article made a small physical device and 
tested under different wind speed. The results showed that the device started low wind speed 
performance was good and operation was stable and reliable. 
 
Keywords: The “Vertical Axis-Building Block-Pressure Type” Blade, Whole Blades; Unit Small Blade, 
the Use Ratio of Wind Energy. 

1. Introduction 
 
In recent years, the haze weather is becoming more 
and more in China, and it seriously harm people. To 
form the haze weather the culprit PM2.5 particles is 
produced by coal-fired power generating units, 
which(it) not only consumes a huge amount of fossil 
energy and make traditional energy sources dried up 
increasingly, but also seriously pollutes 
environment.  

Therefore, it is very urgent that clean energy is 
developed. We know the wind energy is a renewable 
green energy, it is very abundant in china, and there 
are about 3.2 billion kilowatts, and this is first in the 
world. So it has the huge potential of 
commercialization, (and scale development.).  

To alleviate the energy crisis, reduce the 
pollution of the haze and return the blue sky and 
white clouds, we must speed up the development of 
wind power resource in our country. But it must use 
wind power generators to develop wind energy, and 
the blades is the key in the wind power system, 
because the shape of blade determines the efficiency 
of using wind energy, and the blade cost accounts for 
about 20% in the whole machine. 

So, one of important subject is to design the blade 
which is excellent performance and simple structure 
and cheap.  
 

2. The Problems of the Airfoil Blade 
 
There are two types of wind generators in the 
current: Horizontal axis wind power generator and 
vertical shaft wind power generator.  

The axis and blade is vertical in Horizontal axis wind 
power generator; but in vertical shaft wind power 
generator, between the axis and blade is parallel, and 
axis is vertical with the ground.  

Two kinds of wind turbine blades are designed 
according to the aircraft airfoil ago. It works by lift of 
the wing, although it is suitable for the large wind 
power generator, and it can be used to develop the 
big wind energy, but there are two major 
shortcomings follow as: 
 

2.1 It is difficult to manufacture, transport 
and install, and it is high cost.  
 

With the increase of power, the blade of 
generator is more and more long, the wind leaves 
will become heavier. So that it is difficult to make, 
transport and install, and it maybe deform in using. 
In addition, the wind blades design and some 
manufacture technology are still monopolized by 
some foreign enterprises. Few manufacturers can 
produce large blades in China, the large wind blades 
mainly rely on import.  

This situation has seriously restricted the 
development of wind power in our country. 

 

2.2 Wind energy utilization rate is low, level 
3 (micro) under the wind is very difficult to 
start the unit. 
 

As the traditional wind turbines work by 
tangential force while rotating, no matter what kind 
of blade is used, the tangential force is never to 1.  
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That is to say, the use efficiency of wind energy is 
less100%. According to Bates theory, the maximum 
efficiency of the wind turbine is 59.3%, in practically 
the efficiency is about 37%. Since a large wind 
generator cannot be rotated in low wind condition, 
we must think a problem that how to develop and 
effectively improve the efficiency of wind power in 
the breeze. In order to solve the above two problems 
existing in the traditional wind turbine blades.  

In this paper, we design a simple manufacture, 
convenient transportation, simple installation, low 
cost of "vertical axis - building block - pressure type" 
blade.  

The design is different from the tradition ideas, 
and the shutter blade is used to build block type, 

while working, the wind generator can be pulled to 
rotate by force which is vertical to the blade.  

That is to say, the vertical pressure on the blade 
promote the wind turbine to rotate, so that the wind 
energy is greatly used and its efficiency is improved 
to 90%. 
 

3. Design, Analysis And Calculate of the 
"Pressure Type" Wind Blade  

 

3.1 Design of the wind blade 
 

In this paper the wind turbine blade is designed, 
which is vertical axis - building blocks -pressure 
type, its structure is shown in Figure 1. 
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Figure 1: Structure diagram of a pair of wind blade 

 
Firstly, a large rectangular frame is designed and 

it is used as a whole wind blade. 
Secondly, several automatically flip, a small unit 

are installed on the overall wind blade framework, 
and these units are installed in the whole wind blade 
liking the building blocks, the size of those units can 
be determined by the power required. Thirdly, a pair 
of big wind leaves are composed of two pieces of the 
whole wind blade which are symmetrically installed 
in the shaft of the wind generator.  

Finally, Aluminum alloy thin silk threads 
constitute triangular mesh type fixed every wind 
leaf, to increase the mechanical strength. The 
number of the big wind leaves will be based on the 
power of the wind generator and the measure area 
of the whole wind blade, it can be two or three or 
more pairs. 
 

3.2 Analysis the operation process of the 
wind blade  
 

According to the analysis of the rotation process 
of the wind blade, while wind energy acts on the 
wind generator, for the pair of the whole wind blade, 

one of the overall wind leaves is “the active wind 
blade”, the other is “the passive wind blade”.  

The active wind blade is "dynamic wind blade", 
under the action of wind energy those all units will 
be fully automatic shut down and cover the whole 
blade to form an upwind plane. Like a sail, the wind 
acts on the plane in the form of a positive pressure F1, 
it is shown in Figure 2, the pressure F1 will form a 
maximum torque Tmax to drive the rotation of the 
wind turbine. At the same time, the passive wind 
blade is in a symmetrical position of the active wind 
blade, so all of units on the passive wind blade are 
just open and let wind blow.  

The wind force F2 only acts on its frame and the 
small axis of the unit leaf, so the torque from F2 is 
very small and can be neglected. This is to say, When 
the thrust (F1) and the resistance (F2) combine action 
and F1 is much bigger than F2 (F1>>F2)).  

The driving torque will be produced so as to 
drive wind turbine rotation. We can see that the 
efficiency of the pressure type wind blade is bigger 
than the airfoil blade.  

The wind energy utilization rate is increased to 
more than 90%. 
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Figure 2: The Motion Process of the Whole Wind Blade  

 
From figure 2, we can see that the big whole wind 

blade constantly do the circle movement on a 
horizontal plane, and the position of each pair of 
wind blades is periodically interchangeable. The unit 
small blades in the wind blade are automatically 
turned over and rotate by wind energy. To maintain 
a larger torque on the main shaft of the wind turbine, 
sometimes they form a sailing, sometimes they 
become the grid, to keep the fan on the spindle to 
obtain a bigger torque, so the wind generator can be 
continuously drove to rotate by the wind energy. 

 

3.3 Calculate the power of wind generator  
 

The working principle of wind turbines is simply 
stated: The kinetic energy of the wind is converted 
into the kinetic energy of the generator rotor and the 
rotor's kinetic energy is converted to electricity 
energy. In other word, the wind (air flow) blows the 
blade and drives the wind wheel rotate to generate 
the mechanical energy. Then, by driving mechanism, 
the generator rotor is drove to rotate and produce 
the electric energy. 

According to the principle of aerodynamics, the 
calculating formula of output power of wind turbine 
is:  
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                          (1) 

where  Pe —— rated power； 

        —— air density； 

     
pC ——the utilization coefficient of wind 

energy； 
 ——fan drive system and the efficiency of the 

wind generator  

eV ——rated wind speed 

S ——the effective sweep area of wind blade     

From the point of view of energy conversion, a 
formula can be derived as:  
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                                                          (2)   

While this pressed type blade works, due to the 
wind act on the blade in the form of positive 
pressure. The wind energy is converted into the 
kinetic energy, all wind energy is used, the utilization 
coefficient of Wind energy Cp≈1, so that this blade 
can make full use of wind energy resources. 
 

4. Calculate the Size of Wind Blade 
 
Here we use an example to say how to calculate the 
size of the wind blade.  

For example：Assuming that the wind generator 
whose a rated power is Pe=100w is required, try to 
determine the size of the wind turbine blade. 

Known: Rated wind speed is level 3, Ve=5.5m/s, 
and the rotating efficiency of wind turbine generator 
system is η=0.9, air density in one standard 
atmospheric pressure is ρ=1.29kg/m3, taking Cp=1.  

According to the formula (1), One value S×R can 
be calculated, it is: 

3 3
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e
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It is assumed that the blade shape is rectangular, 
its width is a, and the length is b, and the radius from 
the wind blade edge to the main shaft is R=2b, that 
is: SR=ab X 2b = 1        

Hypothesis: set b=1m, then a=0.5m 
In order to obtain the required rated power, two 

pieces of blade which is formed by five small leaves 
are used to make one big sail, that is say, ten unit 
leaves are assembled in one big sail.  

Then, It can be preliminarily determined that the 
width of each rectangular leaf is k=0.2m, and the 
height is h=0.25m. 
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5. Calculate the Main Parameters of 
Wind Generator 

 
① Calculate the ration λ0 

The ration λ0 is the speed ratio of the blade 
rotating to the wind. It is an important factor that 
affects the aerodynamic performance of the wind 
generator. According to the relevant information, we 
could get :  

0 / 60e eDn V                                                       (3) 

where 
en —the rated speed of wind generator, 

let 50en rpm  

D —the diameter of wind generator ，

here 2 4D R m   

then：        

0 / 60 3.14 4 50/(60 5.5) 1.9e eDn V      

                                                                                                (4) 
② calculate line speed of the blade v  and angular 
velocity   

0 1.9 5.5 10.45ev V    ( sm / )                 (5)                           

/ 10.45 / 2 5.225V R    （rad/s）         (6)                         

③ calculate the rated torque Te 
According to the relationship between torque, 

angular velocity and power available:  

/ 100/ 2.6 19.1( . )e eT P N m                   (7)                             

Visible from above, the "pressure type" blade will 
also produce a large enough torque to the wind 
turbine in the level 3wind condition. That is to say, 
the designed blade of results can be used to develop 
wind energy resources in the "low wind region ". 
 

6. Manufacture the Blades of Wind 
Turbine  

 
To manufacture the “press type” blade which is 
cheap, portable, easy to install and carry, we chose 
the material for PVC plastic pipe to make a large 
rectangular frame, and divide the thin aluminum 
sheet into many unit of leaflets that according to its 
designed size. And make a small shaft for each blade 
to install into the rectangular frame and form a big 
whole sail. Two whole blades are combined into one 
pair and installed into one big shaft. According to the 
needed wind turbine power, the shaft can be 
installed on the two, three or more pairs of the 
whole blade.  

The prototype of "pressure type" wind blade is 
shown in Figure 3. 
 

 

Figure 3: Overall Physical Map of the Wind Turbine 
 

 

7. Experimental Data and Analysis 
 

In order to test the effect of the “pressure type” 
wind vane, we have done experiments on the 
prototype in different wind speeds, and the 
experimental results are shown in table 1.  

 
Table 1: The rotational speed and the output voltage in different wind speed 

Wind 
grade 

Wind 
Speed 
(m/s) 

Turbine 
Rotational 
Speed (rpm) 

Output 
Voltage 
(V) 

Wind 
Grade 

Wind 
Speed 
(m/s) 

Turbine 
Rotational 
Speed 
(rpm) 

Output  
Voltage 
  (V) 

grade 1 

0.5 6 5 

grade 3 

3.5 30 12.6 

1.0 10 6.2 4.0 35 13.2 

1.5 14 7.3 4.5 41 13.9 

grade 2 

2.0 18 8.9 5.0 46 14.7 

2.5 24 10.3 5.5 50 15.6 

3.0 29 12.1 grade 4 6.0 56 17.1 

 
From the experimental results, even 1 levels of 

wind can also normally start the wind generator, and 
its output Voltage is 12V in 2 levels of wind. Thus, 
Research and produce the “vertical axis - building 
block type- pressure type’’ wind blade. Not only this 
create the conditions for making full use of the 
central plains region of wind energy resources (often 

wind 2 to 3), but also the wind generator has good 
practicability because it is to conveniently carry and 
suitably use for home and travelling. 

 Therefore, the design results of this paper have 
very important technological innovation significance 
and practical application value, and its future 
application prospects will be very broad. 
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8. Conclusion 
 
In this paper, a "vertical axis - building block- 
pressure type" wind blade is researched, designed 
and manufactured. The design theory is different 
from the tradition method for the airfoil blade. And 
the "pressure type" wind blade has many advantages 
to the airfoil blade follow as: Firstly, the "pressure 
type" wind blade is made up of many small leaves.  

So, it is flexibly assembled and disassembled. 
Thus it completely solves some problems such as: 
difficult manufacture, transportation, installation 
and high cost for the traditional large "airfoil" wind 
blade. Secondly, the vertical axis rotation system is 
designed so that the structure is simple, and the 
manufacturing cost is low. In addition, due to the 
small blade can automatically turn while the big 
wind blade is rotating, wind energy act on the blade 
with the vertical pressure force, and won't produce 
tangential component, and make full use of the wind.  

This greatly improve the utilization rate of wind 
energy. The experiment results show that the wind 
generator can be normal power in the breeze (1 
levels wind). Therefore, the successful development 
of "pressure type" blades is not only to make full use 
of wind energy resources in the central plains (often 
wind level 2 ~ 3) created the conditions, but to 
design and production of small wind turbine and 

easy to carry, suitable for home and travel use, it has 
good practicability.  

This designs have very important significance of 
technical innovation and the actual use value, it will 
be very extensive application prospect in the future. 
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