EEEEEEEEEEEEEEE

~

5 F REBHE T RTE
PRGN A B AR

Wake Assessments of Operating Offshore Wind Farm and Its Instruction
on Micro-Sitting of Large-scale Zero-subsidy Wind Power Bases
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Procedures of wake Assessments on Operating OWFs

step 1 X mRn BRI

Calibration of WTGs yaw position angle(Force geographic north is zero)

step2 XIALIDZRMZENIT, NTFEREGE

Testing of Power-Curve and nacelle NTF-function

step3iz{TSCADAKURES %
Cleaning of SCADA data

stepAizfT Lo (KA. %iﬁ.llﬁ)
Classification of operating scenarios

stepSEHEDHT

Data analysis

step6sLEEVSEEITR
Operating data vs. numerical computation



step1: XWRALBRE LimeE
Calibration of WTGs yaw position angle(Geographic north is zero)

BeiDou Satellite System

VAN
ﬁﬁzSCADf\)zl,clf;ﬁ approach B R &3 SCADAR B
Indrose In Windrose after calibration



step2: RATHERARLMAE, NTFREGIAL A o

Testing of Power-Curve and nacelle NTF-function

> SUNDIR & AT AT AR ENEZETTHHEENE

The measured power curve is used to evaluate the performance of the WTGs and AEP production calculation in post-
evaluation

> NTFREATBIVANNERE S X EBBRRHEX THERARNAER

NTF is used to calculate the free flow speed in front of the turbine rotor in free flow sectors
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Cleaning of SCADA data

BIREARRTRAHIE. (FHEF. BINRETIUENEZREF T RAFTERK IR
scenarios like turbine failure, maintenance, reduced power operation and gird limiting should
be excluded
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stepd: FTTRA% (RHDR. RETR)
Classification of operating scenarios

PREEE DR
Thermal stability

frequency
A:Extremely Unstable 26.3%
B:Moderately Unstable 0.0%
C:Slightly Unstable 0.0%
D:Neutral 20.4%
E:Slightly Stable
gntly 35.5%

F:Moderately Stable 9.1%
G:Extremely Stable 8.6%

- RUEEEENO4. SEEA T
~Inflow angle of 94.5° is selected _
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Conclusion1 based on operating SCADA data: power distribution

> FEREZEYNE T B EHETZRIRK TT1A50%

The wake loss in the down wind fields can reach up to 50% under the average wind speed of OWF.

> MR MET B EEH Y EE— 4 R E BT

The existing of the wake buffer zones can increasing the first turbine row’s power significantly,.
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Conclusion2 based on operating SCADA data: wake distribution

> BIE1R2HEU EKFRRZAETTEE, AERMBRARERMUMMEIREER, NEHEE
HERDHERL BHNEAZERGZR, mzEE—1NEREER

By analyzing the operating SCADA data of actual OWF with more than 12 rows, combined with
the result of a large number of simulation and wind tunnel testing results, the distribution of
wake factor in the down wind fields may reach a "wake balance" point, after which the wake
factor will stay nearly the same.
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Conclu5|on3 based on operating SCADA data: full wake influence vs. partial wake influence

> NARREMo4.5°4E B AR EIRERE(EL02.5°, NEHANKREHEE

The inflow angle changes from full wake influence sector(94.5°) to partial wake influence
sectors(94.5°~102.5°), the power production of WTGs increases rapidly.

> EBRNETEANMNIHLEEEZEXEE, BRERERATRANR

Accurate pre-assessment is even more critical when it comes to the avoidance of full wake situation.
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Technology Exploration: wake detection and control

> BETRGIEANEREN
Wake detection based on TC lidar

v RimE R IR T RATERIE S

Yaw control technology in extreme full wake situation

v ARATER LA TR RATIR =

Reducing the yaw misalignment in partial wake situation
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Operating data vs. numerical computation
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Discussion1 based on computational results: WTG selection and wake loss of
different OWF with different capacity
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RO BEE1L20%, FHENABMER
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> REMIT AR T KB G R R T RAEE
LRI IR BY B 2 o] R R

The wake loss in large scaled OWFs can reach more than 20%, as a result larger Cp of WTG
brings larger Ct and the total wind farm AEP can be reduced due to higher wake loss and at

the same time increasing the turbine loads.
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Discussion2 based on computational results: shape of wind farm boundary

p=i

> NEZGREWDFREE, BRERNBIFTREZSEZRIAER]
RIRE 7 RRRE 1

The shape of the large scaled OWF’s boundary is also a factor. Both wake velocity
deficit and wake recovery condition in the wind farm should be considered.
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Exploration: Large-scale computer optimization iteration

> KRE#MEZHBEIGWIU E, cose caserion °'%‘é“;ii;ﬁ|'?I-.3‘3t.ar.”§§;‘ée%i'ﬁé‘i‘;”§iié’f e fosss To000Y
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N SN \ s +H- =] ao70000{ ABIZ
% :I} E[ F *ﬂ. 11L S £ t ﬁﬁ_ 7C 7% 2R T%EI“ Hx 100- thousand of iterative computations

3 VS can be done in 3hours, if based on the
'ﬁE *ﬂ' 1_Lﬁ 7= cloud platform, can be even faster.

4067500

In large scaled OWFs with
capacity of more than 1GW,
the total wind field area can
reach more than 160km?, and
hundreds of WTGs need to
be optimized in the best
position combination. Large-
scale computational
optimization should be

proposed.
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At present, as a result of lacking the experience of running large scaled OWFs in China,
there is less evidence in blockage effect and change of wind farm inflow speed because
of ABL change. This raises a great number of uncertainty when it comes to the
evaluation of large scaled OWF’s AEP production.
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Due to the capacity limitation of project step1, we have made plan of project step?2
to conduct post-evaluation in BinHaiBei H2 OWF which is the biggest in operation
OWEF in Asia till now. And power losses come from the wake effect, the blockage
effect and change of ABL in large scaled OWF will be our first priority to be studied.
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