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Numerical Simulation of the Aerodynamic Field in Complex Terrain Wind
Farm Based on Actuator Disk Model

XU Chang! LI Chen-Qi'* HAN Xing-Xing! SHEN Wen-Zhong?

LIU De-You! ZHEN Yuan!
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2. Department of Wind Energy, Technical University of Denmark, Lyngby DK-2800;
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ZHANG Ming-Ming?

Abstract Study on the aerodynamic field in complex terrain is significant to wind farm micro-sitting
and wind power prediction. This paper modeled the wind turbine through an actuator disk model,
and solved the aerodynamic field by CFD to study the influence of meshing, boundary conditions
and turbulence model on the calculation results. Comparison with the measured data of a wind
farm was applied to find an appropriate method for simulating the aerodynamic field in the complex

terrain wind farm. Related research can provide reference for wind farm micro-siting and wind power

prediction.
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Actuator Disk Model of Wind Farms Based on the Rotor Average Wind Speed

HAN Xing-Xing! XU Chang! LIU De-You!

Wenzhong SHEN?

ZHEN Yuan! ZHANG Ming-Ming?

(1. Water conservancy and hydropower college, Hohai University, Nanjing 211100, China;
2. Department of Wind Energy, Technical University of Denmark, Lyngby DK-2800, Denmark;
3. Institute of Engineering Thermophysics, Chinese Academy Sciences, Beijing 100190 China)

Abstract Due to difficulty of estimating the reference wind speed for wake modeling in wind farm,

this paper proposes a new method to calculate the momentum source based on the rotor average

wind speed. The proposed model applies volume correction factor to reduce the influence of the

mesh recognition of disk regions. The coefficient C4e of the turbulent source term is also discussed

and modified to improve the simulation accuracy. To validate the model, results are presented for

the Nibe-B wind turbine and Horns Rev I offshore wind farm and show a good agreement with the

measurements.
Key words
rection factor
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Numerical Study of Wind Turbine Wake Modeling Based on a
Actuator Surface Model

XU Chang! HAN Xing-Xing! SHEN Wen-Zhong?
ZHANG Ming-Ming® CHEN Xing-Ying!

(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China;
2. Department of Wind Energy, Technical University of Denmark, Lyngby, DK-2800, Denmark;
3. Institute of Engineering Thermophysics, Chinese Academy Sciences, Haidian District, Beijing 100190, China )

ZHOU Yang!

Abstract In the Actuator Surface Model (ALM), the turbine blades are represented by porous
surfaces of velocity and pressure discontinuities to model the action of lifting surfaces on the flow.
The numerical simulation is implemented on FLUENT platform combined with N-S equations. This
model is improved on the basis of actuator line model(ALM). By using ASM, the model of turbine
can be simplified and the quantity of grids and computing time can be significantly reduced. A linear
distribution model and a ASM Grid identification method are presented. This paper compares the
ASM with ALM by computing both near and far wake of a Nibe A wind turbine, which combines
wake velocity, turbulent intensity and vortex structure. Results show that ASM has better prediction
accuracy and verify it’s feasibility on numerical simulation of wind turbine wake.

Key words actuator surface model; wake; source term distribution; grid identification
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Operating Characteristic of Wind Generation Unit Using the Method
Based on Sample Modification and Support Vector Machine

WANG Ji-dong, XU Chang, WANG Xin, HAN Xing-xing, ZHENG Yuan, LIU De-you
(College of Energy and Electrical Engineering  Hohai University  Nanjing 210098 ,China)

Abstract: In view of that the operation characteristics of wind generation unit are nonlinear,
coupled and with great inertia,a new system identification method based on sample modification
and support vector machine (SVM) was put forward. By virtue of an application case, the proposed
method of modified support vector machine was compared with the traditional SVM method and the back
propagation (BP) neural network algorithm. The results indicate that,it is faster and more accurate than
the initial one due to using modified samples. The study on the actual operation characteristics can provide

reference to precise modeling and intelligent control of wind generation units.

Key words: support vector machine ; BP neural network ; system modeling ; wind power
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Study of Wind Turbine Wake Modeling Based on a Modified Actuator Disk Model and
Extended k-& Turbulence Model
XU Chang', HAN Xingxing', WANG Xin', LIU Deyou', ZHENG Yuan', SHEN Wenzhong’, ZHANG Mingming’
(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, Jiangsu Province, China;
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3. Institute of Engineering Thermophysics, Chinese Academy Sciences, Haidian District, Beijing 100190, China)

ABSTRACT: This paper presented an improved computational
fluid dynamics (CFD) model for simulating a horizontal-axis
wind turbine wake. The model used the actuator disk model to
simplify the wind turbine effect on the aerodynamic field by
adding an extra momentum source and an improved term to
correct the underestimation issue of the wind speed deficit
when applying the STD k-& model. In addition, the model also
introduced a radial distribution function to assess the
non-uniform load on the actuator disk and a coefficient Cy, of
the turbulent source. To validate the model, the wind turbines
of Nibe ‘B’ and Dawin 180/23 were checked by different wake
models with multiple entrance velocities. Results show that the
improved wake model has better prediction accuracy with
experimental data and can be used for wind turbine wake

calculation .

KEY WORDS: extended turbulent model; actuator disk model;
wind turbine wake; computational fluid dynamics (CFD)
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Research on automatic generation turbine control strategy of large wind turbine

XU Chang', WEI Yuan" 2 LI Tao?, HAN Xingxing', Wenzhong SHEN?, WANG Changbao®, SHI Lei*, CHEN Xingying'
(1. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China; 2. Henan Electric Power
Survey and Design Institute, Zhengzhou 450007, China; 3. Department of Wind Energy, Technical University
of Denmark, Lyngby DK-2800, Denmark; 4. Nanjing Nari Group Corporation, Nanjing 210003, China)

Abstract: Wind turbine output has characters of large volatility and strong randomness, and needs other equipment to
coordinate under the traditional control strategies. The paper proposes and analyzes the working principle of a unit layer
WT-AGC control strategy in detail. Considering operating state of wind turbine and requirements of wind farms, unit
operating modes are divided into two ones under WT-AGC control strategy, which include the traditional operation of
order higher than the maximum capacity and limited power operation of order below the maximum capacity of the unit.
Through controlling the rotating speed of wind turbine and pitch-regulated mechanism, the steady output of wind turbine
is achieved to meet the scheduling requirements of wind farms, which has been simulated by a real double-fed wind
turbine. The results show the WT-AGC control strategy not only achieves output scheduleability of wind turbine, but also
improves stability of wind power integration, which verify the validity of proposed strategy.

This work is supported by the International Cooperation of Science and Technology Special Project (No. 2014DFG62530),
State Grid NARI Technology Projects (the Wind Generator Intelligent Control) (No. SGTYHT/14-JS-188), and Science
and Technology Project of Nantong City (No. BK2014028).

Key words: unit layer WT-AGC; rotational speed control; pitch angle control; output schedulability
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Abstract: This paper investigates governor design by reduced-order sliding mode for a hydropower
plant with an upstream surge tank. The governing system is made up of a tunnel, a surge tank, a
penstock, a wicket gate and servomechanism, a governor, a hydro-turbine and a grid. Concerning
the components of the governing system, their mathematic models are established. Then, these
models are interconnected to simulate the governing system. From the viewpoint of state space in
modern control theory, the governing system is partially observed, which challenges the governor
design. By introducing an additional state variable, the control method of reduced-order sliding
mode is proposed, where the governor design is based on a reduced-order governing system. Since
the governor is applied to the original governing system, the system stability is analyzed by means
of the small gain theorem. An genetic algorithm is employed to search a group of parameters of
the predefined sliding surface, and a fuzzy inference system is utilized to decrease the chattering
problem. Some numerical simulations are illustrated to verify the feasibility and robustness of the
control method.

Keywords: hydropower generation; governor; sliding mode control; order reduction; fuzzy logic;
genetic algorithm

1. Introduction

With the coming of the low-carbon era, low-carbon power generation [1] is becoming
increasingly significant and popular.  Generally speaking, low-carbon power sources cover
zero-emission thermal power generation, advanced atomic power generation, renewable energy,
highly efficient electric power transmission, efc. As a kind of low-carbon power generation,
hydropower, currently accounting for 19% of global electricity generated [2], offers an important
low-carbon energy solution.

Hydropower uses hydraulic turbines to convert energy in flowing water into electricity. Such a
source is one way of electrical generation from renewable potential sources. Usually, a hydropower
plant is made up of the reservoir, water tunnel, surge tank, penstock, hydraulic turbine, speed
governor, generator and grid [3]. Its sketch [4] is illustrated in Figure 1. In such a system, there
exist strong couplings between hydraulic and mechano-electric dynamics. Moreover, the system has
many different operating points [5]. Once the operating point changes, its characteristics will change.
These undesired properties make its governor design challenging.

Energies 2015, 8, 13442-13457; doi:10.3390/en81212376 www.mdpi.com/journal/energies
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