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Analysis of Power Generation
Characteristics of Distributed Wind
Generation System Considering the

Hydrogen Production Load
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Abstract. Due to the advantages of low starting wind speed, no wind direction limit,

wide running range and simple control, the vertical axis wind power generation system is booming

recently. Based on the speed ratio control method to achieve maximum power generation, a vertical

axis wind turbine generator is researched in this paper. Firstly, the mechanical torque of the

turbine is calculated and the mathematical model of the wind turbine is established. Secondly, the

mathematical model of the generator is established. Finally, combined with the load characteristics

of electrolytic hydrogen production, the simulation analysis is carried out based on the model of

wind power generation system. The results show that the proposed model and simulation analysis

method are realistic and provide reference for the simulation analysis and energy storage application

of this kind of generator systems.
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1. Introduction

The vertical axis turbine has many advantages such as no need to install the
yaw device when measuring wind direction, simple structure, low noise, safe and
reliable, adaptable [1].Domestic and foreign scholars have carried out exploration
in di�erent directions in terms of vertical axis of wind power generation technol-
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ogy research which mainly focused on three points , one is the turbine simulation
numerical operation. The vertical axis wind turbine was modi�ed by Han Yi, and
the tangential velocity of the wind turbine blade was introduced into the model of
the classical double actuation plate [2-4]. One is research of the wind turbine power
generation characteristics and control algorithm. Another is to study the wind tur-
bine can withstand external conditions and operating environment [5]. It is in fact
indispensable to carry out research of wind power generation system combined with
hydrogen load characteristics.

In this paper, the wind turbine model is analyzed and calculated by Fluent soft-
ware, and the mechanical torque of the fan is obtained, the mathematical model of
the wind turbine is established afterwards. At the end of this paper, combined with
the energy storage requirements, according to the wind the relationship between
voltage and current in hydrogen production, the resistance change law is obtained.
Through the mathematical model is established in Simulink, the simulation calcula-
tion is veri�ed, with the e�ectiveness analysis provided for these research.

2. Structure of Wind Turbine

The Senegal wind turbine is used for the analysis in this paper which running
stably, and the power generation e�ciency is higher at the low speed ratio. 2D model
is shown in Fig. 1. The left �gure shows the blades, which is mainly by a semi-disc
and a rectangular �at plate[6]; the right �gure is the top view of the turbine, which
has three blades in one layer, and the three blades are placed every 120 degrees
in order to achieve a dynamic balance when the wind turbine is running. The 3D
model is shown in Fig. 2.

Fig. 1. 2D model of Senegal type

Fig. 2. 3D model of Senegal type wind turbine
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3. Basic Operation Principle

3.1. Control Equation

Computational �uid dynamics (CFD) is a changing process of analyzing �uid
velocity, temperature or pressure in space[7]. It is a continuous process of variation,
in which the three conservation laws namely the law of conservation of mass, the
law of conservation of momentum, and the law of conservation of energy satis�ed.

(1) The mass conservation equation:

τ = τ0 (1/2− ξ) , (1)

E = E0 (1− γτ) , (2)

E = E0 (1− α (1/2− ξ)) , (3)

h(ξ) = h0 [1− (1− β1) (ξ + 1/2)] · [1− (1− β2) (η + 1/2)] , (4)

ρ = ρ0

[
1− (1− β) (ξ + 1/2)

2
]
, (5)

wheref is the unit mass force, p is the dynamic pressure, τ is the viscous stress,
k is the heat transfer coe�cient, e is the generalized internal energy of unit mass
�uid.

3.2. Transient Simulation Analysis

In order to visually re�ect the absorption of wind energy, transient analysis of the
wind turbine by FLUENT. Fig. 3 shows the torque coe�cient in the case of wind
speed 6.7m/s and the tip speed ratio of 0.5. When the wind speed and the turbine
rotation period is constant, rotate one cycle through three cycles. By the in�uence
of the aerodynamic performance, the upper and lower �ow �elds of the wind turbine
are coupled with each other to produce a more complicated nonlinear variation than
the calculated torque of the wind turbine, the torque �uctuation range is smaller
and the mechanical power is more stable however.

Torque coe�cient of the wind speed is 8.5m/s is shown in Fig. 4. The simulation
time is set to 4s. The turbine torque coe�cient changes periodically, and the torque
coe�cient becomes smaller as the TSR increases as the time increases. With the
increase of the tip speed ratio, the wind energy utilization rate increases �rst and
then decreases, and the maximum value is obtained at about 0.5 as shown in Fig. 5.

Fig. 6 shows the pressure distribution of two-layer wind turbine at the wind
speed is 8.5m/s which shows the force characteristics of the blades. The left side
of the turbine subject to greater pressure in the upwind side. As shown in blade 1,
the pressure on the left side is far larger than the it on the right side whereas the
pressure of the blade away from upwind side have a little change. So do the bottom
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Fig. 3. Torque with 0.5 tip speed ratio

Fig. 4. Torque coe�cient with 8.5m/s wind

Fig. 5. Wind energy utilization

blades, due to the greater force in front of the semicircular arc plate, run speed and
torque of blade 4 reduced, conduct the negative power.

The speed of the wind turbine is shown in Fig. 7. The force is limited because of
the small intermediate speed. Large speed in front of the running blade 3 due to the
angle between the direction of wind wheel speed and wind direction is less than 90
degrees. The superposition makes a certain resistance, blade 1 su�ered a shock by
wind directly at the same time so that the speed reduced seriously to obtain greater
power.

In comparison, when the upper side of the wind wheel is conducting negative
power with the angle di�erence between the two layers is 60 degree, the propulsion
is greater than the resistance, which make the wind turbine perform positive work
for stable operation.
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Fig. 6. Pressure distribution of wind speed is 8.5m/s

Fig. 7. Velocity �ow chart of wind speed is 8.5m/s

4. Turbine System Modeling

4.1. Wind turbine mathematical model

The modeling of the wind turbine model is mainly based on the wind energy
utilization factor formula and the wind energy utilization curve. The mathematical
model of wind energy utilization is established by using the curve �tting method.
Based on these, the wind speed and the wind speed are taken as the input quantity
and the mechanical torque is used as the output quantity to establish the wind
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turbine model which can be �tted as:

Cp = −0.697λ3 − 0.111λ2 + 0519λ+ 0.004 (6)

4.2. Model construction

The simulation model built in Simulink is shown in Fig. 8. The core modules are
the wind turbine torque �tting and power generation. The vector control method is
applied to the PMSM in this paper in order to make the data more accurate. Double
closed loop control scheme of PI is applied in vector control which is composed of the
current PI control module, speed PI control module, SVPWM module and PMSM.
The control process is to compare the actual speed of the motor and the reference
speed, based on the relationship between torque and speed, the reference value of
stator current torque component iq is calculated by the speed PI controller. In the
case of given stator current excitation component, the rotating current signal id??iq
are converted into the current signal iα, iβ in the two phase stationary reference
system by coordinate transformation. Finally, it is sent into the SVPWM, the control
pulse of SVPWM can control the switch state of the three-phase inverter, so the
actual current of the stator three-phase winding is obtained.

Fig. 8. Power generation system simulation model

4.3. Model of energy storage

The electrolytic hydrogen generation system mainly consists of four parts that
are classi�ed as the electrical part and the electrochemical part. This section is
mainly focused on the electrical part, speci�cally based on the electrolyzer in the
voltage and current curve, and the change of resistance obtained.

The parameters of the electrolytic cell are listed in Tab. 1, whereuelis the total
voltage, ucell is the theoretical voltage required for 1mol water electrolysis, ie1 is the
current in the electrolytic cell, r i is the resistance in the electrolytic cell,T e1 is the
temperature in the cell, S i and t i are the overvoltage parameter, A is the area of
the electrode.

Table 1. Parameters of electrolytic cell.
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Name Voltage Unit Name Voltage Unit

Tel Channel 1 ◦C A 0.25 m2

r1 25 Ωm2 r2 -1.1×10−7 Ωm2/◦C

a1 7.3×10−5 V s2 0.00138 V/◦C

a3 -1.6×10−5 V/◦C2 t1 0.016 m2/ A

t2 -1.3 m2◦C / A t3 4.12×102 m2◦C 2/ A

According to the formula and table, voltage curve and current curve in the elec-
trolytic cell at 25◦C are simulated and the equations and the calculation results are
as follows:

y = 30× (1.229 + 2.81× 104x+ .01845× log(2.4928x+ 1)) (7)

Fig. 9. Curves of voltage and current in electrolysis cell

On the basis of Fig.8, the stator current of the phase A of the motor is led
out at the motor detection end. The electrolytic cell voltage is calculated by using
the electrolysis hydrogen circuit model E_W and is represented by the oscilloscope
S_EW. The circuit shown in Fig. 10

Fig. 10. Power generation model by adding the energy storage load

5. Simulation Results

The wind turbine output torque is change when the wind speed changes, as shown
in Fig. 11. The variation of wind speed in 5s is simulated in this paper. Based on
this, the calculation and analysis of power generation characteristics are carried out.
The simulation time is set to 1s, and the power generation characteristics of the
turbine are simulated. In Fig. 12, from the top to the bottom is the current on the
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stator d axis, the current on the stator q axis, the motor speed, the electromagnetic
torque, and the rotor angle.

Fig. 11. Wind velocity variation curve

Fig. 12. Stator current curve in d axis

Fig. 13. Stator current curve in q axis

Fig. 14. Motor speed curve
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Fig. 15. Electromagnetic torque curve

Fig. 16. Rotor angle curve

Fig. 17. Stator current of the d-axis of an enlarged curve

Fig. 18. Three phase current variation curve of generator

6. Conclusion

The simulation model of the vertical axis wind power generation system is estab-
lished. The wind energy utilization coe�cient curve, wind speed model, generator
model curve are obtained. Finally, the energy storage model is established, and the
simulation result curvesare obtained according to the power generation characteristic
formula. The results show that the simulation process of the wind power generation
system is correct and reasonable, and the operating parameters of the electrolytic
hydrogen in the energy storage module are realistic,which providesthe reference for
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subsequent designs and optimization.
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