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Abstract. A new structure named ‘collapsible fan blades’ is presented in this paper, which is fixing 

blades and a spring via metal rods. In this structure, based on Betz theory, the furl of the fan blade is 

realized by compressing the spring. On the purpose of getting relation between wind speed and 

power, this paper firstly derived the expression between wind speed, wind force and wind turbine 

power. Then presented the structure and working principle of the collapsible fan blades. By means 

of force analysis and moment analysis, an expression on a randomly given wind speed and the 

spring shrinkage was proposed. In this expression, different wind speeds corresponded to different 

spring compression, so that the fan blades’ angle can be figured out. With this angle, after 

calculating windward area, the power of wind turbines under different wind speeds can be obtained. 

Force on Fan Blade and Energy Conversion  

Model Hypothesis. Based on linear momentum theory and Betz theory, we use the method of flow 

tube analysis to predict the axial thrust and power output of the ideal horizontal axis wind turbine. 

In Betz theory, the effective scanning area of the blade can be regarded as a disc, which’s two sides 

of the pressure is not equal. So we make the following assumptions:  

(1) There is no yaw angle, tilt angle and taper angle of the fan blade, which can be regarded as a 

flat disc. 

(2) Regard the friction resistance of blades. 

(3) The model of blade rotation can be simplified to a plurality of unit flow tubes. 

(4) The air pressure on the front and back of the blade is equal. 

(5) The force acting on the blade is uniform. 

(6) Ignore the rotation of the air behind the blade. 

(7) The central axis of the blade is in a horizontal position and the wind direction is horizontal. 

Parameter Declaration.  

 

Table 1   

Parameter symbol Physical meaning 

  Means far away from the blade 

d  Indicates the location of the fan blade 

w  Indicates a smooth airflow area after the fan 

F  Wind force( N  ) 

P  The power absorbed by the fan from the wind ( W  ) 
  Air density( -3kg m ) 

A  Fan’s area after rotating( 2m ) 

  Axial wind velocity 

dp
 The pressure front of fan( Pa ) 

dp
 The pressure back of fan( Pa ) 

 

Derivation of Wind Power and Absorption Power. Based on the one-dimensional momentum 
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theory, we can obtain the relationship between the blade force and air velocity. According to the law 

of conservation of mass, the air mass per unit time should be kept constant over the swept area of 

the fan blade 

d d w wA v A v A v                                          (1) 

Let F represent the force of air flow on the fan blade. According to 
d( )

d

mv
F

t
 , 

( )w d dF v v A v                                       (2) 

The change of momentum comes from the pressure change on the front and back of the leaves. 

Which is  

d( )
( )

d
d d d

mv
p p A

t

  
                                        (3) 

Thus， 

( ) ( )d d d w d dp p A v v A v 

  
                                   (4) 

According to Bernoulli Equation 21
constant

2
v p gh    ,in front of the fan blade, 

2 21 1

2 2
d d d d dv p gh v p gh           

                                (5) 

According to the assumptions before d   ， dh h  , so 

2 21 1

2 2
d dv p v p  

   
                                    (6) 

In the same way , behind the fan blades  
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w d dv p v p  

  
                                    (7) 

6 7（）（）, 

2 21
( )

2
d d wp p v v 

  
                                    (8) 

According to (3).(4).(8) 

2 2 (
1

(
2

))w d w d dv vv A Av v    
                                  (9) 

The fan has a reducing effect on the wind, so we can make (1 )dv v   , so the wind force 

is   
22 (1 )dF A v                                           (10) 

And the power from the wind to the fan is 

 3 22 (1 )d dP Fv A v                                         (11) 

Blade Collapsing 

Process of Blade Collapsing. In collapsible blade structure, the fan blade is linked with the spring, 

through metal rod. Connection point is fixed by rotatable bearing. Spring baffle is connected with a 

good-elastic spring, the other end of the spring is fixed with a central axis. When the wind speed is 

zero, there is no force on the fan, so there is no force on spring, as is shown in Fig.3. When the wind 

speed is greater than zero, the blades will be contracted to the action of wind, and gradually 

collapsing. In this process, it presses the spring. Being compressed, according to Newton the third 

law, the spring will achieve a equilibrium state by pushing a force back. Which is the force balance 

between the spring force and wind. The structure is shown in Fig.3. With the increasing of wind 

speed, the wind blades will get more and more force from the spring. By this reaction force, the 

system comes to a new balance again. 
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Figure 1.  Finite Fan blade shrink process 

 

Model Structure. There is two structures, which correspond to two states, without wind and not.  

Figure 2.  Finite Collapsible fan (in Breezeless status) Figure 3. Collapsible fan(At a certain wind 

 speed) 

Tress Analysis of a State after Collapsing 

Parameter Description 

 

Table 2   

Parameter symbol Physical meaning 

N  In the connection of metal rod and spring, the support force received by 

metal rod ( N ) 

F  Horizontal wind( N ) 

T  spring force( N ) 

  The angle between the fan blade and the vertical axis( ) 

xF  Horizontal force acting on the metal rod( N ) 

yF  Vertical force acting on the metal rod( N ) 
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Stress and Moment Analysis 

 

Figure 4.  Finite Force analysis in total 

Because of the spatial distribution of the three fan blades，we can only consider one blade. 

In Fig .4,firstly we analyse the moment as a whole, taking C as a rotation point: 

( ) cos
2

a d
N b x F 


                                                        (12) 

Secondly, analyse the force on metal rod in Fig.5: 

xF T k x                                                                 (13) 

yF N                                                                 (14) 

By Newton's third law, '

x xF F  , '

y yF F  .Based on that, we analyse the moment on the blade in 

Fig.6: 

( sin cos ) cos
2

y x

a d
F F a F  


                                           (15) 

From (12)~(15),we can get: 

( sin cos ) cos
2

a d
N k x a F  


                                            (16) 

 

 

 

Figure 5.  Finite Force analysis about metal rod    Figure 6.  Finite Moment analysis of  

an blade 

Expression of Wind Speed and Spring Contraction 

From the geometric relation in Fig .3, by Cosine theorem, 
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By(12)~(16), (17)can be simplified: 

2 2 2

4 ( )

[( ) ]( )
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F
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Take(10)into (18),  
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In this eqution, fanM is a constant related to the structure of fan. Once the structure is setted, 

fanM will be a definitized constant. 

Conclusion 

According to 2

2 2 2

( )

( )
fan

x b x
v M

b x c a


   
 

   
, we take a given wind speed to this equation. After 

solving the quadratic equation with one unknown, we can calculate the displacement of the spring. 

Besides, in 
2 2 2( )

sin( )
2 ( )

a b x c

a b x

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


,we can find the angle of fan blade as well, which means we 

can know the windward area dA .In this way, the power transmissed by Generator in strong wind can 

finally be quantitatively expressed. 
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