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Abstract: [Objective] The paper takes the NREL-SMW wind turbine as the research object, adopts the control strategy based on the
single and combination of the yaw angle(d) of the upstream wind turbine and the tower height(AH) difference of the downstream
wind turbine as well as the lateral spacing(Ay), researches the complex wake interference effect between the two wind turbines.
[Method] Numerically simulated the part of the wake interfering phenomenon between the two wind turbines, analyzed the aerodynamic
power of the two wind turbines, the average speed of the wake flow, and the effect of the wake interference to improve the power
generation of the whole wind power field efficiency of the whole wind farm. [Result] The results show that the overall power of the wind
turbine and its enhancement ratio are maximized when the combined strategy is implemented, especially when adjusting the lateral
spacing Ay=4D or Ay=8D on the basis of #=20°. [Conclusion] By changing the yaw angle of the upstream wind turbine or the upstream
and downstream wind turbines staggered arrangement and other wake effect inhibition strategies, the power output of the upstream wind
turbine is reduced and the effect of the wake of the upstream wind turbine is improved, which can improve the aerodynamic power output
of the downstream wind turbine and the overall power generation of the wind turbine, and improve the power generation efficiency of the
wind turbine in a relatively large scale, and provide a certain degree of numerical simulation for the optimization of the arrangement of

large-scale wind farms support.
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for three different grids
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Tab. 2 Comparison of the numerical results with the published
numerical results
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Tab. 3 Comparison of the numerical results with the published
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Fig. 1 Schematic diagram of the computational model for tandem-arranged dual wind turbines
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Tab. 4 Parameter settings for case studies
under various variable cases
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Fig. 2 Average aerodynamic power and overall power gain ratio
for dual wind turbines under various 6 cases
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Fig. 3 Average wake velocity distribution and vorticity for dual wind turbines under various 6 cases
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for dual wind turbines under various AH cases
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Fig. 7 Average wake velocity distribution and vorticity flow plot for dual wind turbines under various Ay cases
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various AH and Ay cases
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Fig. 11 Average wake velocity distribution and vorticity flow plot for dual wind turbines under various 6 and AH cases
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Tab. 9 The variation of overall power and power augmentation
rate for dual wind turbine under
various 6 and Ay cases
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Fig. 12 Average wake velocity distribution and vorticity flow plot for dual wind turbines under various 6 and Ay cases
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Fig. 13 Average wake velocity distribution and vorticity flow plot for dual wind turbines in tandem

arrangement under various AH and Ay cases

T 2 L S BRE R 2R3
4 i

ARSORS L KT A LR AL A 250 55 1 X
SRR AR v 25 | R (W] R AR B — A A R T
AN SR N X A AL B P REEAT T ST, T
20 B3R T ER A XUX ) S r LAY R U1 D e T s P RE
Pt ik, 1950 7 LUE LS

) 75 4ER5 T e v BL O A0 A A2 BT O T, 3
T v 22w 1] 18] R RE AT 5K A R IR AR N, £ e
WF 2, A AR AL A, BEE LR, B AR <
BN IR T e TE75 B SL AT A A B,
A LA BAEIRAL A 20000 9 X ] YA TR

2) 3 e b3 KT e R MIL A D A A R
LSS A SRy, R LIRS FE AR, R AR X 2

N2

B L Ui XU S LML sl Dl i, (R RE A 0 3



55 2 1]

AR, A5 R T SR SO A LS PERE R 95

N R AL B A7 8, S TH s T R
H, DT 5 XU e HL LR AR B R LSRR

3) 38 5 B B — LA KL 25 0 400 ) SR
W1 % LT B DRI S, 4528 s BT Z A7
TEARLME R AR o X FPARLEPE IR BLLE, Toie =0 1
e K3 BUHIL RS i AL A, 3 J2 39 T 2 e 22w 1]
1, KT 2 HBILAR) DR A 2 ] 5 3 B R T 28
A BB I LR

AR SCHFFEAE RAE A Rl e X & BB
A T S 4ed b BA —E IR B 8, TR
LB AL N K e A HLAEL IRI A B2 i o R sk I
EBFSERI NN A IS | Ji i E . R
JZ IAER S TR SRR T 0 XUy & FEL AL U A3 L 1) 52
M, AR G 3 o 4 o SR e b A7 i A R R . 5 A,
% JEAN TR HLAL W) Y R i 40, DL ARHLA IRl | HEAT 7
A, A RS, S e B XU 3 9 A LR
X SIS MR AT B T it — 3R TH T A LA
BIPERE, P XU 7 9 BB, B AU AR,
B i WU ISR

5% 3Lk

(1] VERMEER L J, SORENSEN J N, CRESPO A. Wind turbine
wake aerodynamics [J]. Progress in aerospace sciences, 2003,
39(6/7): 467-510. DOL: 10.1016/s0376-0421(03)00078-2.

(2] BRI, SRdn, 450U, 5. WmBRH R AR B IRSE

BB (30, w5 )7 AR IR 21, 2024, 11(4): 102-110. DO 10.
16516/j.ceec.2024.4.10.
LUO S S, GUO J T, CAI'Y Q, et al. Analysis on power supply
structure transformation towards carbon neutrality in Guangdong
[J]. Southern energy construction, 2024, 11(4): 102-110. DOI:
10.16516/j.ceec.2024.4.10.

[3] ROGA S, BARDHAN S, KUMAR Y, et al. Recent technology
and challenges of wind energy generation: a review [J].
Sustainable energy technologies and assessments, 2022, 52:
102239. DOI: 10.1016/j.seta.2022.102239.

(4] 2R, BOCE, R, % KO RS T (7],
T RETREE 15, 2024, 11(1): 42-53. DOL: 10.16516/j.ceec.2024.
1.05.

LI S, GE W P, WU J C, et al. Applicability evaluation of wind
turbine wake models [J]. Southern energy construction, 2024,
11(1): 42-53. DOL: 10.16516/j.ceec.2024.1.05.

(5] AR, sk, Wk, 55 31 e T Sl e SR AUXUHUAR G PR A
WA R AT [I]. 1 RGO 595, 2023, 51(22):
63-73. DOI: 10.19783/j.cnki.pspc.230187.

LI D D, ZHANG X M, YAO Y, et al. Estimation of effective

(6]

[10]

[11]

[12]

[13]

[14]

[15]

inertia of a wind farm considering rotor kinetic energy loss and
wind velocity correlation [J]. Power system protection and
control, 2023, 51(22): 63-73. DOI: 10.19783/j.cnki.pspc.230187.
ALFREDSSON P H, DAHLBERG J A. Measurements of wake
interaction effects on the power output from small wind turbine
models [R]. Stockholm: FFA, 1981.

VERMEULEN P E J, BUILTJES P J H. Turbulence
measurements in simulated wind-turbine clusters [ R]. The Hague,
Netherlands: Netherlands Organization for Applied Scientific
Research, 1982.

VERMEULEN P E J. An experimental analysis of wind turbine
wakes [ CJ//British Hydromechanics Research Association
(BHRA), Proceedings of the 3rd International Symposium on
Wind Energy Systems. Lyngby, Denmark: BHRA, 1980: 431-450.
KROGSTAD P A, ERIKSEN P E. "Blind test" calculations of the
performance and wake development for a model wind turbine
[J]. Renewable energy, 2013, 50: 325-333. DOL: 10.1016/j.
renene.2012.06.044.

BARTL J, SATRAN L. Blind test comparison of the
performance and wake flow between two in-line wind turbines
exposed to different turbulent inflow conditions [J]. Wind
energy science, 2017, 2(1): 55-76. DOIL: 10.5194/wes-2-55-2017.
PIERELLA F, KROGSTAD P A, SETRAN L. Blind Test 2
calculations for two in-line model wind turbines where the
downstream turbine operates at various rotational speeds [J].
Renewable energy, 2014, 70: 62-77. DOIL: 10.1016/j.renene.
2014.03.034.

KROGSTAD P A, SETRAN L, ADARAMOLA M S. "Blind
Test 3" calculations of the performance and wake development
behind two in-line and offset model wind turbines [J]. Journal
of fluids and structures, 2015, 52: 65-80. DOI: 10.1016/].
jfluidstructs.2014.10.002.

il X g h RO HLE A B m i BF5E [D]. EFTG
g Tk, 2010.

GUO J T. Research on optimization collocation in wind farm [D].
Hohhot: Inner Mongolia University of Technology, 2010.
WHALE J, ANDERSON C G, BAREISS R, et al. An
experimental and numerical study of the vortex structure in the
wake of a wind turbine [J]. Journal of wind engineering and
industrial aerodynamics, 2000, 84(1): 1-21. DOI: 10.1016/S0167-
6105(98)00201-3.

BROREE, SKaran, AR, 2 MDA T Kl XU LR 2
B R Ao A [I). HERERLAR TR~ 412, 2020, 38(7): 702-
707. DOI: 10.3969/.issn.1674-8530.18.0273.

GUO M F, ZHANG L R, LI D Y, et al. Analysis on wake
deviation and turbulence characteristics of horizontal-axis wind
turbine under yawed condition [J]. Journal of drainage and

irrigation machinery engineering, 2020, 38(7): 702-707. DOL: 10.


https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.1016/s0376-0421(03)00078-2
https://doi.org/10.16516/j.ceec.2024.4.10
https://doi.org/10.16516/j.ceec.2024.4.10
https://doi.org/10.16516/j.ceec.2024.4.10
https://doi.org/10.16516/j.ceec.2024.4.10
https://doi.org/10.16516/j.ceec.2024.4.10
https://doi.org/10.1016/j.seta.2022.102239
https://doi.org/10.1016/j.seta.2022.102239
https://doi.org/10.16516/j.ceec.2024.1.05
https://doi.org/10.16516/j.ceec.2024.1.05
https://doi.org/10.16516/j.ceec.2024.1.05
https://doi.org/10.16516/j.ceec.2024.1.05
https://doi.org/10.16516/j.ceec.2024.1.05
https://doi.org/10.19783/j.cnki.pspc.230187
https://doi.org/10.19783/j.cnki.pspc.230187
https://doi.org/10.19783/j.cnki.pspc.230187
https://doi.org/10.19783/j.cnki.pspc.230187
https://doi.org/10.19783/j.cnki.pspc.230187
https://doi.org/10.1016/j.renene.2012.06.044
https://doi.org/10.1016/j.renene.2012.06.044
https://doi.org/10.1016/j.renene.2012.06.044
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.5194/wes-2-55-2017
https://doi.org/10.1016/j.renene.2014.03.034
https://doi.org/10.1016/j.renene.2014.03.034
https://doi.org/10.1016/j.jfluidstructs.2014.10.002
https://doi.org/10.1016/j.jfluidstructs.2014.10.002
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.1016/S0167-6105(98)00201-3
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273

96 R RETR A I

LERVE

3969/j.issn.1674-8530.18.0273. [23]
[16] FLETCHER T M, BROWN R E. Simulation of wind turbine
wake interaction using the vorticity transport model [J]. Wind
energy, 2010, 13(7): 587-602. DOIL: 10.1002/WE.379.
[17]  ZHANG W G, WANG Y Y, SHEN Y Z, et al. CFD studies of
wake characteristics and power capture of wind turbines with [24]
trailing edge flaps [J]. IEEE access, 2020, 8: 7349-7361. DOL: 10.
1109/ACCESS.2020.2964620.
[18] LIU Y C, XIAO Q, INCECILK A, et al. Establishing a fully
coupled CFD analysis tool for floating offshore wind turbines
[J]. Renewable energy, 2017( 112) : 280-301. DOL: 10.1016/;.

NAKHCHI M E, WIN NAUNG S, RAHMATI M. A novel
hybrid control strategy of wind turbine wakes in tandem
configuration to improve power production [J]. Energy
conversion and management, 2022, 260: 115575. DOIL: 10.1016/].
enconman.2022.115575.

MIAO W P, LI C, PAVESI G, et al. Investigation of wake
characteristics of a yawed HAWT and its impacts on the inline
downstream wind turbine using unsteady CFD [J]. Journal of
wind engineering and industrial aerodynamics, 2017, 168: 60-71.

DOI: 10.1016/j.jweia.2017.05.002.

renene.2017.04.052.

[19] JONKMAN J, BUTTERFIELD S, MUSIAL W, et al. Definition 1EZ BN

of a 5-MW reference wind turbine for offshore system
development [R]. Golden: National Renewable Energy Lab.
(NREL), 2009. DOLI: 10.2172/947422.

[20] WEN B R, TIAN X L, DONG X J, et al. Influences of surge
motion on the power and thrust characteristics of an offshore
floating wind turbine [J]. Energy, 2017, 141: 2054-2068. DOLI: 10.
1016/j.energy.2017.11.090.

[21] MICALLEF D, SANT T. Loading effects on floating offshore
horizontal axis wind turbines in surge motion [J]. Renewable
energy, 2015, 83: 737-748. DOI: 10.1016/j.renene.2015.05.016.

[22] TU Y, ZHANG K, HAN Z L, et al. Aerodynamic
characterization of two tandem wind turbines under yaw
misalignment control using actuator line model [J]. Ocean

engineering, 2023, 281: 114992. DOIL: 10.1016/j.oceaneng.2023.

AR (B —EH)
2000-, 2z, fi+, FEPFRAT ZHILEH
(e-mail)934437694@qq.com,

REECEGES)

BRID: 03797.00.01338,

1982-, 5, #4%, f-t:, RN AHI 1Al
PEALF 5% (e-mail ) tujiahuang1982@163.com,

BEE

(%% "t#H3x)

114992.
.
HEE A EHFE, BRI —— AL KA AR R RARR —meeeev #—
gl kBl (=) HELREAA H=
I 5 R A B Rl SRR B #H=
b E R IR EE SRS B AR R R PR ) 3w

T T e T s T T



https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.3969/j.issn.1674-8530.18.0273
https://doi.org/10.1002/WE.379
https://doi.org/10.1002/WE.379
https://doi.org/10.1002/WE.379
https://doi.org/10.1109/ACCESS.2020.2964620
https://doi.org/10.1109/ACCESS.2020.2964620
https://doi.org/10.1109/ACCESS.2020.2964620
https://doi.org/10.1016/j.renene.2017.04.052
https://doi.org/10.1016/j.renene.2017.04.052
https://doi.org/10.1016/j.renene.2017.04.052
https://doi.org/10.2172/947422
https://doi.org/10.1016/j.energy.2017.11.090
https://doi.org/10.1016/j.energy.2017.11.090
https://doi.org/10.1016/j.energy.2017.11.090
https://doi.org/10.1016/j.renene.2015.05.016
https://doi.org/10.1016/j.renene.2015.05.016
https://doi.org/10.1016/j.renene.2015.05.016
https://doi.org/10.1016/j.oceaneng.2023.114992
https://doi.org/10.1016/j.oceaneng.2023.114992
https://doi.org/10.1016/j.oceaneng.2023.114992
https://doi.org/10.1016/j.oceaneng.2023.114992
https://doi.org/10.1016/j.enconman.2022.115575
https://doi.org/10.1016/j.enconman.2022.115575
https://doi.org/10.1016/j.enconman.2022.115575
https://doi.org/10.1016/j.enconman.2022.115575
https://doi.org/10.1016/j.jweia.2017.05.002
https://doi.org/10.1016/j.jweia.2017.05.002
https://doi.org/10.1016/j.jweia.2017.05.002
mailto:934437694@qq.com
https://cstr.cn/BRID-03797.00.01338
mailto:tujiahuang1982@163.com

	0 引言
	1 数值模拟方法及验证
	1.1 基本理论
	1.1.1 不可压缩Navier-stokes方程
	1.1.2 湍流模型
	1.1.3 离散方法

	1.2 风力发电机验证
	1.2.1 网格独立性验证
	1.2.2 上游风力发电机功率验证
	1.2.3 下游风力发电机功率验证


	2 不同尾流干扰抑制策略情况下气动性能分析
	2.1 模型设定
	2.2 单一尾流干扰抑制策略下气动性能分析
	2.2.1 偏航角
	2.2.2 塔架高差
	2.2.3 横向间距

	2.3 组合尾流干扰抑制策略下气动性能分析
	2.3.1 不同偏航角与塔架高差工况组合
	2.3.2 不同偏航角与横向间距工况组合
	2.3.3 不同塔架高差与横向间距工况组合


	3 不同尾流干扰抑制策略情况下气动性能优化
	3.1 不同偏航角与塔架高差工况组合
	3.2 不同偏航角与横向间距工况组合
	3.3 不同塔架高差与横向间距工况组合

	4 结论
	参考文献

