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Abstract: [Objective] Aiming at the problem of inefficient
utilization of wind resources in small-scale distributed energy
systems, this paper proposes and studies the performance
characteristics of an improved drag-type vertical axis wind
turbine ( VAWT ). [ Methods] Based on the traditional
Savonius wind turbine, the starting ability and power
generation efficiency of the wind turbine were improved by
increasing the number of fan blades and optimizing the design
of blade torsion. The simulation analysis of the wind turbine
structure was carried out by using the CFD method, and the
fluid-structure coupling behavior of the wind turbine was
discussed from the aerodynamic point of view at different twist
angles and starting wind speeds, with emphasis on the
analysis of the pressure distribution, the change of the flow
field and the force characteristics. On this basis, combined
with the torque characteristics of the wind turbine, the
mathematical model of the wind turbine system was
constructed using Matlab, and the sliding mode direct torque
control method was introduced to realize the dynamic
simulation of the power generation process. [Results] By
analyzing the key power generation characteristic curves such
as voltage and current, and comparing and verifying them
with the measured data, the results showed that the
established model had good accuracy and engineering
applicability. [ Conclusion] The research results provide

theoretical support and practical reference for the structural
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optimization and intelligent control of resistance-type vertical-
axis wind turbine, which is of great significance for promoting
the application of small wind power generation equipment in
distributed energy systems.

Key words: Savonius wind turbine; fluid dynamic; torque
characteristics ; sliding mode direct torque control; dynamic

simulation
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Tab.1 Specific parameters for Savonious wind turbine
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Bl 1 Savonius XU#LH Z 4= 5

Fig.1 2D model of the Savonius wind turbine
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Fig.2 Internal model of wind turbine
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Fig.4 Computational model of 3D wind turbine
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Fig.5 Wind turbine flow field and grid
section cross section
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Fig. 6 Principle of distributed joint simulation
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Fig.7 Simulation model of power generation system
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Fig.8 Torque results for twist angles at
wind speed 3 m/s
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Fig.9 Calculation result of C, 942 time step
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Fig. 10 C, single cycle calculation result
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B 13 XT 80°RNERHIEN

Fig. 13 Pressure analysis for 80° fan deformation
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Fig. 14 Flow field analysis of pressure and wind speed at 3 m/s
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B 15 R rY%E 50 e i i 2
Fig. 15 Cluster of torque-speed curves for

wind speed variation
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Fig. 18 Generator load parameter curves
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Fig. 19 Wind speed variation curve
LN A 39 5 52 o e NS LG AN 18] 20 FF s .
P 20 AT, 24 XA A AZ AN, 2R 48 38 5 T AU
T i 52 SR e A DI 248 UK IO7 8 2 R, ORI

17 REHZMHEZRE

Fig.17 Three-phase alternating current for generator
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Fig.20 Comparison of observed speed and

actual speed
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Fig. 21 Generator three-phase currents under

different wind speed conditions
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Fig.22 Wind power system control platform
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Fig. 23 System three-phase extended reverse potential
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Fig. 24 Voltage sampling waveform
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Fig. 25 System single-phase voltage waveforms

under varying wind speed conditions
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Fig.26 DC voltage waves for varying wind

speed conditions
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