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VERTICAL-AXIS WIND TURBINES
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LARGEST VAWT:

EoLEL, UMW, QUEBEC



DYNAMIC INFLOW MODELLING TECHNIQUES:

Computational fluid dynamics or vortex methods
> Wake modelled in time and space
> Time-consuming

Engineering models

> Wake not modelled in time and space
> Fast calculation

FLOATING VAWTS



RESEARCH QUESTION

Do we need NEW DYNAMIC INFLOW MODELS to enhance
the modelling of floating vertical axis wind turbines?



Part 1 Theoretical approach
Part 2 Practical approach
Part 3 Conclusion




THEORETICAL APPROACH

The flow around a uniformly loaded unsteady actuator
disk: methodology, results and discussion




2D ACTUATOR

2D ROTOR

3D ROTOR
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DYNAMIC INFLOW > DYNAMIC THRUST Arnplitude

v Cyclic thrust coefficient
v Uniformly loaded
v Velocity field computed using CFD



MODELLING
VELOCITY FIELD

CFD MODEL

v 2D transient solver for incompressible flows (pisoFOAM)

v Uniformly distributed volume forces

¥ Grid dense around actuator, gradually coarser further away
Y Initial conditions = steady case



MODELLING
VELOCITY FIELD

U Magnitude
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INDUCTION AT

5 LOCATIONS

upwind downwind

—— Upwind
—— (entre

0.01

. 0.005F

Induction, afaID [-
o

-0.005

_0.01 1 1 | | |

Non-dimensional ime, t [-]

0.01

. 0.005

o

Induction, afaGI [-

-0.005

0.01 | | | i
-1 -0.5 0 0.5 1

Thrust coefficient, (CT—CTD)J’;\CT [-]

—a— Downwina



—_
B
o
1
o
—

Upwind
—— (entre
—w—Downwind

—
X]
o
o
o
@
T

—
o
=]
T

o

o

>

T

Induction phase shift, ¢ [deg]
[s)] co
o o
Induction amplitude, A [-]
o
g

B
o
T
o
o
X%
T

]
o

o

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Reduced frequency, K [-] Reduced frequency, k [-]

PHASE SHIFT & AMPLITUDE

Y Phase shift increases with reduced Y Induction amplitude decreases with
frequency reduced frequency
Y Phase shift different for various locations Y Induction amplitude different at various

locations



v Around the centre location, lowest phase

shift

v Increasing rate highest downwind

Y

Y

Induction amplitude decreases with
increasing reduced frequency
Induction amplitude increases with
increasing x-location

PHASE SHIFT & AMPLITUDE
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LARSEN AND MADSEN DYNAMIC
INFLOW MODEL






PRACTICAL APPROACH

The performance of a cyclic surging VAWT: methodology,
results and discussion



2D ROTOR

3D ROTOR

HOLOY AdITdWIS



k
Sog As T

Baseline surgeT Reduced frequency
DYNAMIC INFLOW > SURGING MOTION

v Cyclic surging motion
Y Loading computed for reference turbine

Amplitude



MODELLING ROTOR
LOADING

ACTUATOR LINE OPENFOAM MODEL

v 3D model

v TurbineFOAM library in OpenFOAM

v Blade element theory: 2D lift and drag

v Velocity field is modelled directly in space and time

ACTUATOR CYLINDER MODEL

r 2D engineering model

v Blade element theory: 2D lift and drag

v Velocity field from 2D incompressible Euler equations and equation of continuity
r With and without Larsen and Madsen dynamic inflow model
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L OADING FROM
5 MODELS

Normal loading, Qn [-]

Y Actuator line OpenFOAM model
Y Actuator cylinder — no dynamic inflow

Non-dimensional time, t []

model ’ f
Y Actuator cylinder —with dynamic inflow -
mode] g
£ 04
=]
8
g 015 l
G
> V
S 02
_0.2 | | 1 L | ]
—— OF 50 1 2 3 4 5 6
—_—— AC — NO DH\/\ Non-dimensional time, t []

== AC —with DIM






CONCLUSION

Overall findings, future work and hypothesis




RESEARCH QUESTION

Do we need new dynamic inflow

models to enhance the
modelling of floating vertical axis
wind turbines?

CONCLUSION

YES, WE DO






