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NPC Services and Products

Life-cycle wind, wave and tidal energy consultancy and prgect management services,
from Proof of Concept to Asset Management.

proof of concept
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Enhanced by our specialist tools for wind resource assessment:
Ventos ®CFD wind flow model ZephIR® laser anemometer
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Complex Flow: The Background

A What causes complex flow?
I Forestry
i Terrain
I Obstacles

A Flow parameters that define the wind  quality :
I Wind shear
I Turbulence
i In-flow angle
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Shear :
Variation of horizontal wind
speed with height

Characterised by log or power
law profile

Effects :
Increased fatigue loading
Reduced power output

Values :
Power law exponent O0.3
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Turbulence :

The formation of eddies and vortices (transient)
Characterised by turbulence intensity (T1%)

Effects :
Reduced power output
Increased fatigue loading

Values : IEC limit & 12 7 16 % @15m/s (Class
A/B/C)
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Inflow Angle :
Deviation of the directional component of the
wind velocity from the turbine rotor axis in the
vertical plane.

Effects:
Reduced power output
Increased fatigue loading

Values:
d08° (¥)
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Complex Flow: The Background

A Potential consequences of turbines in complex flow:
I Reduced power production
I Increased component fatigue
I Lower than anticipated energy yields
I Increased maintenance and repair costs

A Development and commercial pressures
I More sites being proposed in complex terrain and  forestry
I Environmental constraints (visual impact, felling)
I More knowledge and experience of impacts
I Turbine procurement: increased warranty requirements

natural power



Assessing thmpacts: Methodology

1. Detailed SCADA review to highlight turbine specific and sector -wise trends:
I power performance/energy production
I vibration related alarms
I availability across all turbines

2. Computational Fluid Dynamics wind flow analysis
I identify areas of high turbulence, shear and in -flow angle

I validate with high -density data collection

3. Identify the particular wind conditions that lead to the observed issues
I Comparison and reconciliation of the SCADA analysis and CFD results

4. Identify and quantify mitigation measures to address impacts

natural power



SCADA data analysis

A Rank all turbines by:
I Availability
i Capacity factor

Cf (%)

A Sector-wise power curve

analysis
15 -
A Root-cause downtime 10 -
analysis 5 |
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A Investigate frequency and R R RERFEREOROHRRESRER

types of alarms
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SCADA data analysis

A Rank all turbines by:
I Availability
i Capacity factor

Cf (%)

35

A Sector-wise power curve
analysis

A Root-cause downtime
analysis

A Investigate frequency and
types of alarms

A Allows problematic turbines
to be identified
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SCADA data analysis

A Power curve analysis for all turbines ( all directions )
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SCADA data analysis

A Sector-wise power curve analysis for all turbines
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CFD flow modelling

A Apply Ventos CFD flow model to predict:
I Turbulence intensity (%)
I Shear
I In-flow angle

A Flow parameters predicted on a sector -wise basis
and for all turbine locations

A Model accounts for effects of complex terrain and forestry

A Model tuned to site with high -density data
I Permits investigation of turbine specific flow conditions AN\
I Rull rotor analysis with ZephlR laser anemometer

A
\ Ed ¢
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CFD flow modelling

A CFD results: Turbine and sector-wise breakdowns

T 161 Highest Cf

Sector Vh  |Inflow angle] Veer
0 1 -1
a0 0 2
60 -1 2
30 -2 -1
120 -2 -1
150 -2 -1
180 0 0
210 1.15 1 2
240 .1 117 2 2
0.14 1.15 2 2
0.16 1.15 2 -1
0.12 1.15 2 -2

T57 Lowest Cf

Sector Ti Shear vh  |Inflow angle| Veer
0 13 0.30 4 2
30 15 4 -1
60 15 0.26 1.04 2 -3
30 0.28 1.11 -1 -2
120 14 0.25 -3 -1
150 -4 3
1B0 -3 1
210 12 0.30 -3 0
240 0.22 1.06 -2 -2
270 0.22 1.13 0 -1
300 0.19 1.10 2 1
330 12 0.25 0.98 4 2
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CFD flow modelling

A Turbine specific analysis...cross sections:

u -3-2-1012 3 48 67 8 81011121314
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Compare CFD results with SCADA res

A Identify the wind directions of most concern

T57 Lowest Cf
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A T5 - Significant forestry and steep terrain in 150 degree sector
A Results allowed mitigation measures to be identified...
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ldentifying Mitigation Measures

A Forestry felling or management options
I Scenario modelling with Ventos CFD flow model
I Potential improvements in wind quality and resource

A Sector-wise curtailment
I Preserve turbine integrity
i M _vgkggc _t _9gj _ gjgrw/clcpew gl ¢ a

A Maintenance and repair strategy
I Target maintenance and repair by turbine and component

A Cost benefit analysis of the above
I Informed wind farm management decisions
i Application in prgect due diligence
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Consideration in Site Design

Best approach is clearly to avoid or reduce the impact of complex  terrain:
A High-density and targeted data collection campaigns

A Application of CFD in the turbine layout design phase
I Integration of CFD and remote sensing
I Map, measure and avoid adverse flow conditions

A Provide detailed understanding of flow conditions to prospective turbine
suppliers

A Reduce risk by reducing uncertainties in energy yield analysis
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Thank youe
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