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How do these wake dynamics
interact with their environment?

How do platform motions affect
momentum/energy transport?
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Turbulence Generation:
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Turbine Representation:
it IEA 15 MW

it Actuator line method

it Constant rot. speed, blade pitch
it Prescribed platform motions
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Flow visualization using momentum and energy
transport tubes and applications to turbulent
flow in wind farms
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As a generalization of the mass—flux based classical stream tube, the concept of
momentum and energy transport tubes is discussed as a flow visualization tool. These
transport tubes have the property that no fluxes of momentum or energy exist over
their respective tube mantles. As an example application using data from large eddy
simulation, such tubes are visualized for the mean-flow structure of turbulent flow in
large wind farms, in fully developed wind-turbine-array boundary layers. The three-
dimensional organization of energy transport tubes changes considerably when turbine
spacings are varied, enabling the visualization of the path taken by the kinetic energy
flux that is ultimately available at any given turbine within the array.
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A stream tube is a bundle of streamlinesin a fluid flow that forms a tube-
like region where no fluid crosses its boundaries.

it Create a streamline

A curve everywhere tangent to - . ——
the local fluid velocity. I'= {:B(S) 8 C Rv CB(S) XU = O}

it Stitch together streamlines into a stream tube...

0 mass flux over the
tube surface

mass in = mass out
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it Take momentum equation

it Write in conservative form
u- 0
9; BT = Q%S
A J

Flux of ¢-momentum Sources of -momentum

it Define a ¢-momentum velocity

'u, C / . :
u Y = (u u’+T J QUSZJ)C@
Uy = ﬂC = Uj T (WrCr)
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11Construct axial-momentum tubes

Mass Tube

0 mass flux over the
tube surface

AV

mass in = mass out

Axial Momentum
Tube

0 axial momentum
flux over the tube
surface

axial momentum in = axial
momentum out + integrated
sources
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Mechanical Energy

Tube

0 mech energy flux
over the tube
surface

mech energy in = mech energy out

+ integrated sources
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Tube Cross Sections
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Fixed Turbine in uniform inflow Tube Cross Sections
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Fixed Turbine in uniform inflow Tube Cross Sections
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Fixed Turbine in uniform inflow

Tube Cross Sections
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Fixed Turbine in uniform inflow Tube Cross Sections
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Fixed Turbine in uniform inflow Tube Cross Sections
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01: How do floating motions affect this?
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Pitching Turbine in uniform inflow Tube Cross Sections ]D SCIENCE 2o
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Rolling Turbine & Transport Tubes @ i/
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Momentum Tube Cross Sections
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Momentum Tube Cross Sections

075 0D 3D 6D 9D
— leed 0.50
. T 0.251
Pitch T o0
-0.25 1
I R.O].]. 050 | _"‘//
—6.5 O.‘O Gj5 —6.5 0.‘0 0:5 —6.5 0.‘0 0:5
y/D (-] v/ D[] v/ D[]
—— Roll Pitch  —— Fixed
Momentum Tube Width-y Momentum Tube Width-z
2.5 = Fixed |
Pitch

2.0 - - Roll

1 i

o s

B -

IS = 1.5 4 IS w

S S
1.0 -

\/

00 25 50 75 100 125 15.0 00 25 50 7.5 100 125 15.0
z/D [-] z/D [—] 25




The Effect of Motions in Uniform Inflow %ggﬁﬁlgéﬁ?gﬁmﬁ

Momentum Tube Cross Sections
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02: How does inflow affect this?
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03: What is the influence of turbine
spacing?
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Momentum Tube Area
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1. Performed transport tube analysis on the wakes of floating turbines subject
to different inflows and turbine spacings

OXFORD

2. Uniform conditions:
it Significantly impact transport/entrainment of momentum

3. Inturbulent conditions:
it Tube areas becomes largely insensitive
it Tube position/width remains dependent on platform motions

Impact on wake models? Impact on farm spacing? Impact on AEP?
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Thankyou for listening

Questions?
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Turbulent inflow
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1. Cyclic conditions + prescribed motions = assumed phase between neighbours.

OXFORD

2. Seeding of tubes is based on fixed rotor position.

3. How to extend to deep-array effects while using prescribed motions.
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