Simulation of a Dual-Rotor Ocean Current Turbine
with Variable Buoyancy and Lifting Surface for
Motion Control

Presented by Hassan Mokari

08/07/2024



Introduction

* Increased interest in renewable energy production
has created a demand for novel methods of
electricity production.

« With a high potential for low cost power
generation from the consistent ocean kinetic
energy, ocean current turbines (OCTs) can help
meet this growing demand.

* Ocean current resources are typically located

where the total water depth 1s in excess of 250

meters, with most of this resource in the top 100
o .meters of the water column.




Introduction

Variable Buoyancy Chamber

» As the more electricity power can be harnessed near
ocean surface, deploying ocean current turbine near
the ocean surface will bring a couple of damages for

it, induced by the existence of ocean waves.
Variable Pitch Rotor

 Therefore, some researches have been done on "\ [ Mooring Cable
modeling and controlling the turbine like controlling ' /

buoyancy tank water volume to keep the OCT at the

correct depth level of the ocean. Based on their p

results, the maximum power from this type of turbine - Wiain B essyreiWosse]
with the defined parameters like size for its '

components is captured, if the OCT is kept at 50m to
75m ocean depth.



Introduction

* Also, some researches have been done
on optimization of physical parameters
of this turbine in order to capture the
more electricity power from Kkinetic
energy of the ocean.

* Now, it 1S the time to introduce a new
design of ocean current turbine to
capture more considerable electricity
power from the kinetic energy of the
ocean.

Ocean current generator

Power transmission cable

/ Submerged cable
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Equations

«+Coordinate systems

* To numerically simulate the Ocean Current Turbine (OCT), several coordinate systems are
employed: an inertial coordinate system (0), a body-fixed coordinate system (B), momentum
mesh coordinate systems (M), shaft systems (S), and rotor blade systems (R). Vectors are
transformed from the inertial coordinate system (0) to the body-fixed coordinate system (B)
by multiplying the inertial vector by the transformation matrix Lgg, which 1s defined using

the Euler angles as follows:

Cq Co SaCo —Sg
L5 = |CaS6Sp — SaCp CaCp t SaSeSy  CoSy
CaSeCp — SaSp —CaSe T SaS9Cq CoSe |

cTe s(p = sin(¢g) and c, = cos(¢), and the transformation matrix from the body-fixed
' em(B).to the inertial coordinate system (0) is Ly = Lz.




Equations

s*Equations of motion

The motion of the numerically simulated OCT 1is described using 8-DOF. The equations of motion for the 6-DOF
movement of the main body (excluding the rotors) of the OCT system such as the OCT's linear accelerations u, v,
and w, and angular accelerations wy, w,, and w, are calculated as:
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‘The total force vector acting on the turbine i1s the sum of gyroscopic force (F), gravitational and buoyancy force
E.p), wing forces (F,,), two rotor forces (Fy) , two nacelle forces (Fy), and cable force (F¢).




Equations

** Gyroscopic Force

The gyroscopic force (F;) caused by the rotational speed of each rotor around the x-axis, which is shown as:

w,’; Wy
Fe= 1|0 |x|@y
0 Wz

¢ Gravitational and buoyancy force

This force Fyp, 1s modeled using the transformation matrix from B to O (i.e., Lgp), which can be expressed as:

0 0
mg —B

te m is the total mass of the OCT, g is the earth gravitational acceleration, and B 1s the total buoyancy force.



Hydrodynamic Forces

she hydrodynamic forces acting on the OCT, excluding the cable, are calculated for three types of
components. These are defined as the wing forces (F,), which include forces on the main wing; the rotor
forces (F;.), which encompass forces on the two rotors; and the nacelle forces (F,;), which pertain to the forces
on the two nacelles.

**Rotor Forces: In this numerical simulation, rotor forces are calculated using a Blade Element
Momentum (BEM) rotor model that incorporates Dynamic Wake inflow calculations. This model
determines the angle of attack for each rotor blade element and rotor mesh element (the mesh
elements used to calculate rotor-induced flow perturbations). The angle of attack, denoted as « aY, is
computed from the equation a¥/ = Uk — pU where BY-Hk represents the blade section pltch

angle, and the relative flow angle @'** is given by @'k = tan_l(— ) Here, V4 and V; are the

axial and tangential components of the relative ocean velocity V4. ThlS relative ocean velocity is

defined as the sum of three components: (1) the undisturbed ocean velocity, (i1) the blade motion
induced relative ocean velocity, and (ii1) the wake induced ocean velocity. Therefore, the forces on
. cach of the two rotors, F., can be written as
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Hydrodynamic Forcing

%* Wing Forces: The main wing is divided into N, discrete sections. Therefore, the force on the wing, F,, in
the tangential, cross, and axial directions relative to the airfoils can be written as:

. _
Z Ci I’

Z @Y

where V' denotes the relative water speed with respect to a wing section calculated using only the normal and
tangential components of relative water Ve1001ty, p = 1030 kg/m? is the water density, ct (a) 1s the tangential
drag coefficient of a wing section, C}(a) is the axial drag coefficient, where both C}(a) and C}(a) are functions
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- Of angle of attack (a). The.Ct (@) and CL(a) values are calculated using lift and drag coefficients according to

Ci(a)= Ch(a)cos(a) — Cl(a)sin(a) and C}(a) = Ch(a)sin(a) — Ci(a)cos(a). The wing forces are then
ed to forces in the body fixed frame using the pitch angle of the wing with respect to the body fixed




Result

(water speed = 1.6 m/s, current shear = 0, turbulence intensity = 10%)
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Result

(water speed = 1.6 m/s, current shear = 0, turbulence intensity = 10%)
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Result

(water speed = 1.6 m/s, current shear = 0, turbulence intensity = 20%)
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Result

(water speed = 1.6 m/s, current shear = 0, turbulence intensity = 20%)

5 X 10° Generated power from port rotor e «10° Generated power from starboard rotor
451 .
-2
4 - .|
25+ 4
3.5
3] (%
= 2 3
o o
o o
3
-3.5r 1
2.5
-4
2r d
1 5 L 1 Il Il ‘4.5 1 Il 1 1
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

Time (s) Time (s)




Result

(water speed = 1.6 m/s, current shear = 0.005, turbulence intensity = 10%)
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Result

(water speed = 1.6 m/s, current shear = 0.005, turbulence intensity = 10%)
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(water speed = 1.6 m/s, current shear = 0.005, turbulence intensity = 37%)
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Result

(water speed = 1.6 m/s, current shear = 0.005, turbulence intensity = 37%)
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