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Background

Experimental results show there can be an increase in power generation when a
turbine passes through a current with added waves [1]. Surface waves comprise
some of the perturbations with significant effects on the performance of cross-
flow turbines, and they can be characterized by their wavelength and frequency.
A computational model could simulate waves with a freestream flow to explore
how performance changes.

Objective

Investigate how surface waves affect the power generation of cross-flow
turbines through blade velocity asymmetry and by varying wave amplitude and

turbine distance from the free surface.
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c — blade chord length

*NOT TO SCALE
: Alr: a = O, P2

, Free surface:
y = cos(kx — wt)

Water: a« = 1, p4

Parameters

a —wave amplitude 2T
). — wavelength Wavenumber: k = —
f —wave frequency
h — water depth Frequency: w=—
D — turbine diameter

() —angular velocity of turbine

Questions? Sara Hartke
E-mail: sara.hartke@wisc.edu
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Computational Methods

Multiphase incompressible Navier-Stokes equations

V.-u=20
P ou Fu-Vu | = —Vp+V-u(Vu+VuT)+pg+f
ot —
surface
p=ap; +(1—a)p, tension

Interphase alpha equation

Ja

FV-(au) =0

dt

Software: OpenFOAM
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/\/ Velocity equations from linear wave theory:

gak 1
%
w  cosh(kh)

E =

Water
U, = ecosh(k(y + h)) cos(kx — wt)

U, =¢ sinh(k(y + h)) sin(kx — wt)

When the top blade coincides with a wave phase that increases
Its relative velocity and breaks the symmetry between the
blades, turbine performance can be expected to change. In other
research involving asymmetric blade velocities, when the
relative velocity is higher on one of the two blades, overall
power generation improves [2].

Varying Amplitude and Turbine Depth

Both wave amplitude and turbine distance from the surface affect the
asymmetricity of the turbine blade velocities. A nondimensional relationship
helps with choosing distance values to explore the impacts on blade relative
velocity.

d = distance from turbine center toy = 0

2+ kD — 2kd

overlap =

2(1 — ka)

Wave area of
Influence

overlap i, = 0
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