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Fast Simulations of Complex Wake Flows around Wind Farm
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Abstract: The simulations of wind farm wake flow are performed based on self-developed software WinFm-SJTU. The Park wake

model and energy conservation superposition model are used. Compared to results simulated by CFD method, power of three tandem

wind turbines, as well as power of first and second wind turbines is well predicted by WinFm-SJTU, whereas power of third turbine

under smaller spacing shows a discrepancy. Therefore, for simulation of wind farm with 35 wind turbines, the energy conservation

superposition model is modified to account for faster velocity recovery induced by stronger turbulence intensity in wake

superposition region. The wake loss of each wind turbine in a column predicted by WinFm-SJTU, as well as power of various

columns in windfarm show a good agreement with those of CFD method, and the difference of total power of wind farm is only

1.02%. It is demonstrated that WinFm-SJTU can quickly and accurately predict the wake flow in wind farm.
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Fig.1 Schematic diagram of Park wake model
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Fig.2 Schematic diagram of wake superposition model
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Fig.4 (Color online) Layout of wind turbines
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Fig.5 (Color online) Comparison of wake loss for tandem three
wind turbines
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Table 2 Power comparison of tandem three wind turbines

R AIEE 5D TR /MW

JABL S CFD WinFm-SJTU RZE%
1 5.067 5.301 4.62
2 2.116 2.284 7.94
3 1.892 1.464 22.62
psyitl 9.075 9.049 0.29

o A B EE 7D I TR /MW e

JABL S CFD WinFm-SITU RZ%
1 5.067 5.301 4.62
2 2.559 2.822 10.28
3 2.338 2.081 10.99
psyitl 9.964 10.204 2.41

UML) RSN X 3k, AT L Park R AR Y
TFEAAE], T RN 7D, SDEIITh R
RZEEFAR . AT AT B KL SN X 51 28 =
G XML BT AR SE R R & IR A R % B 5 4 5t
KAZMPREERIZ, FHEWinFm-SITURN 1) L)
REERRZERCR, {HA E T3 18 B N SDEE, 7D
B R ZE RN, R RITE TR R a) (A i 2 5 30%
TR FEAE— e FERE LA ATk

Bl6 s 1 8 4 = ML A (] B SDI, %08
o ST THT PRI B 3038 FE e 2 P o EH T-Park R TR AR R A
LR MR B8, TR Lk A 0 = IAUBIL I 2 97 9 B
I I B B N iy £k Ve RGN . B CFD 7 VAT )
AN It B8 P I AT & 2R MR IR R R, IX 3R B
WinFm-SITU i 1) KL 2 i 5 CFD R A — Sk .
b, EI7ER T 8 F) =AML A A R 7D
R PEN Y EE B BESE R, S5
I [F) 5 A S DI A L, IS R 308 38 58 453 % P 17 D 75 1)
THBEGE

Kl 6 (M R it e (] 2E 5D IR0 38 e B2 P THI I 35 3 2 o &
Fig.6 (Color online) Time-averaged velocity contours in hub
level plane with stream wise spacing of 5D
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Fig.7 (Color online) Time-averaged velocity contours in hub
level plane with stream wise spacing of 7D
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Fig.8 (Color online) Comparison of wake loss for one column
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Table 3 Power comparison of wind farm

\ % /MW -
o CFD WinFm-SJTU PRI
1 12.623 12.781 1.25
2 12.842 12.756 0.67
3 12.735 12.729 0.05
4 12.162 12.722 4.60
5 13.088 12.731 2.73
6 13.664 12.754 6.66
7 13.055 12.772 2.18
B 90.169 89.245 1.02
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Fig.9 (Color online) Time-averaged velocity contours of wind
farm in hub level plane
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