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ABSTRACT : This study explored the energy potential of tidal streams using an offshore platform mounted
tidal turbine for renewable energy generation. The study was hinged on harnessing eco-friendly marine energy
potentials in solving the lingering energy crisis in a developing nation like the United Kingdom with vast marine
resources. As part of the study objectives and method, a small scale hypothetical vertical axis tidal turbine and
ocean tidal current characteristics were examined using computational fluid dynamics. The interrelationship of
operational variables and characteristics of the tidal stream which include tide, flow speed, water density, in-
cident angle of fluid flow, blade size, lift force, instantaneous torque and power were evaluated. Results ob-
tained from the investigation showed that there was a correlation between the analytical and simulated evalu-
ations. The length of turbine blade had a direct effect on its mass, torque power intercepted from the fluid (wa-
ter). Lift and Power generated by the turbine was directly proportional to the fluid density and speed. Peak
torques occur around the mid-design points (0.15 m for Y and Z components). Upper and lower tidal stream
speeds of 6m/s and 0.3m/s respectively were used in estimating the deliverable theoretical minimum and max-
imum powers of the hypothetical turbine and were evaluated as 32.8 Watts and 262400 Watts, respectively. The
research however proposes that harnessing the energy potential of tidal turbines could be a promising eco-
friendly renewable energy generation when commercially explored.
KEYWORDS: Energy, Tidal, Flow, Lift Force, England, Lift force, Fluid.
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I. INTRODUCTION
Tidal energy uses kinetic energy of ocean currents to generate sustainable electric energy. It has become a

by the moon, [1, 2] it is highly possible to predict its generation. The social-technological, and economic ad-
vancement of countries like the United Kingdom (UK) has been greatly aided by this as well as other energy
sources including wind, solar, and fossil fuel-generated energy. The advantage of tidal energy is however em-
phasized based on its predictability unlike other energy generation forms such as wind and solar. Beside grow-
ing global energy needs, there is a push for more affordable and clean energy sources that are devoid of harmful
pollutants like carbon dioxide, carbon monoxide, and other heavy gases [3]. Countries around the world have
jointly made a pact to reduce or eliminate environmental pollution, this has made it necessary to investigate re-
newable energy sources through the methodical design of energy systems [4]. Water bodies such as rivers,
streams, seas, and oceans have been explored over time and have been identified as potential sources of renew-
able energy sourced from tidal waves and streams. The United Kingdom as a case study has a long stretch of
coastline with strong tidal flow or currents which is significant in harnessing marine power. Owing to the devel-
oped oil and gas sector of the UK, many of its oil platforms are located offshore. However, it was common thing
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promising alternative energy generation globally. Driven by gravitational forces and tidal movements initiated
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for these oil related facilities to rely on fossil energy generation as major power source. This is inimical to the
present-day call for the cut in fossil fuel energy use to forestall CO and CO2 emissions which have largely been
attributed to the ozone layer depletion which consequentially causes global warming [3]. To cut emissions, the
International Maritime Organization (IMO) unveiled its Initial GHG Strategy. By 2050, the policy seeks to re-
duce absolute GHG emissions by at least 50% from 2008 levels, with the goal of eliminating them. The UK in
pursuit of GHG emissions reduction aims partly to become a leader in emerging tidal energy utilization in its oil
and gas offshore facilities. This is particularly so due to the favorable systematic design of tidal energy struc-
tures such as tidal stream propelled turbine that can be embedded on these platforms.

Aiming to expand its tidal energy generation capacity with a projection of 120MW from the energy
source by 2029, the UK still faces some challenges for the early stages of development of tidal energy genera-
tion. Some of these key challenges include high investment cost, harsh marine environment and decisive gov-
ernment support [5]. It is hoped that ocean energy will form another energy supply option for countries and in-
dustries seeking to reduce their Green House Gas (GHG) emissions to meet internationally agreed standards and
the shipping industry that commands the ocean. This study was aimed at analytically investigating the electricity
generation potential of a tidal energy facility mounted on an offshore platform using the UK marine environ-
ment as an experimental location. Walker and Thies [6] asserted that the UK has around 50% of Europe’s tidal
energy resource and with over one hundred wave and tidal current system prototypes under development. Wang
et al., [7] conducted research on turbulence induced loads fluctuation of the horizontal axis tidal turbine blade to
give insight into the generation mechanism and distribution of excitations on the horizontal axis tidal energy
turbine in an unsteady stream-wise flow condition. A small-scale tidal turbine prototype was also used in a field
investigation by Zhang et al., [8] off the coast of Scotland to track the structural performance and electrical out-
put of the turbine under actual operating conditions. Phu and Nguyen, [9] conducted investigation and devel-
oped a tidal generator prototypes. Perez et al [10] investigated of a tidal turbine performance under various tur-
bulence conditions. The numerical models allowed for the investigating of device performance and loading prior
to device deployment and support turbine design optimization at low computational expenses. Adnan et al., [11],
developed a laboratory-scale prototype to evaluate the effects of tidal speeds and directions on power output,
confirming that even small-scale turbines can yield significant energy under ideal configurations. (March et al.,
[12] conducted research on Multi-criteria evaluation of potential Australian tidal energy sites. The authors as-
serted in the research that tidal energy conversion technology is still a modern technology at the research and
development stage undergoing field testing before it can reach a successful commercial stage.

II. METHODOLOGY
Parametric analysis of a vertically oriented tidal turbine system was adopted in the study and the materials used
include the followings:

i. Hypothetical descriptive model comprising of water bath, ammeter, voltmeter, frequency meter, hose,
electric dc pump

ii. Parametric data of existing offshore sites.
iii. Computer aided design and Computational Fluid Dynamics (CFD) analytical software.

The vertical tidal turbine was simulated by computational analysis using CFD and mat lab software. This was
necessary to determine the effects and interrelationship of variables on the tidal vertical turbine operation.

III. ANALYTICAL COMPUTATION
Considering design input variables recommended by (Graham et al., [13] the range and mean high waters are
expressed as:

i. Range of tide (R) = Hwo – Lwo (1)
Where, Hwo and Lwo are high and low water observations.

ii. Mean High Water
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The mean high water (MHW) defines the mean high and low water levels averages.
Using the range ratio method [13] MHW can be computed using three simultaneous equations as follows.
MRs = Rs (𝑀𝑅𝑐

𝑅𝑐
) (2)

MTLs = MTLc + (TLs – TLc) (3)
MHWs = MTLs + – (𝑀𝑅𝑠

2 ) (4)
where:
R= Range of tide, c = Subscript used to denote control tide station, s = Subscript used to denote subordinate tide
station, MR = Mean range of tide; the difference in height between MHW and MLW taken from the NOS data.
tenable from DEP/BSM.
TL = Half tide level; the point halfway between HW observed on staff, and LW observed, on staff. Also, TL can
be checked by simply adding LW observed on staff, and HW observed on staff and dividing by 2 for each tide
station.
MTL = Mean tide level; a tidal datum midway between MHW on staff and MLW on staff. Tenable from NOS
Tide Station reference data sheet.
MHWs = MHW on staff; a computed tidal datum at the subordinate tide station. Also, the Mean Low Water
(MLW) at the subordinate station can be determined by subtracting MRs from MHWs.

iii. Tidal stream dynamics
For a fluid in free stream the available kinetic energy (Ek) (Bansal, 2017) for any given cross section is ex-
pressed as.
Ek= 1

2𝑚𝑢
2 (5)

Where, m = mass (kg), u = velocity (m/s)
It is the kinetic energy of the fluid that is converted into kinetic energy of the rotor i.e. movement which makes
the rotor turn along its axis.

iv. Total Power of the tide P = 1
2ƿ𝐴𝑢3 (6)

Where, ƿ = density of ocean water, A = cross sectional area of the tidal stream

v. Drag force of tide stream (Mason-Jones et al., [14] is expressed as

D = ʃRx = ʃƿcos(ꝋ)dA + ʃɽw sin(ꝋ)dA (7)

Where, R = resulting force of pressure and shear forces, ɽ = shear force, ꝋ = angle to the upstream velocity.

For the shear stress and pressure distribution, the dimensionless drag and lift coefficients CD are used and ex-
pressed as follows.

CD= 𝐷
0.5𝐴𝑢2

(8)

Drag coefficients for different shapes are presented together with the characteristic area. (Checked from refer-
ence data sheet). From equation 3.8, drag force D can be computed.

For the tidal energy turbine, the periphery velocity (v) will be lower than the upstream velocity (u). Therefore,
equation 3.8 can be modified as follows.

D = 1
2 CpƿAw2 = 1

2 Cpƿa(u-v)2 (9)

Where; u and v are upstream and periphery velocities respectively, ƿ = density
vi. Lift force (L)
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The pressure difference between the upper and lower sides of the tide creates a hydrodynamic force (R) acting
on the turbine foil. It hits the foil at an angle called the angle of attack (α). It is expressed as; L = CL x qS
(10)
where, L = lift force, S= area of the wing, q = dynamic pressure and it is expressed as.
q = 𝑟𝑈2

2 (11)
where, r = fluid density, U = fluid speed
For the velocity continuity through the turbine blade assuming it to be a thin disc, initial velocities equal final
velocities, I.e u1 = u2 = uR

vii. Momentum of the tidal stream

The tidal stream's total momentum is thought to be constant, which means that the force the rotor applies to the
fluid is equal to and opposite to the force the fluid applies to the rotor. This force is referred to as thrustt Alipour
et al., [15] as.
T = -m(uꝏ - uw) (12)
where ṁ is the mass flow rate of the fluid through the rotor and is defined as.
m = ƿAuR
Since no work is performed on either side of the rotor the relationship between the pressures and velocities can
be expressed for the upstream and downstream side of the rotor respectively by applying the Bernoulli principle
as follows.
Po= 1

2ƿ𝑢ꝏ2 = pu + 1
2ƿ𝑢𝑅2 (13)

Pd= 1
2ƿ𝑢𝑅2 = po + 1

2ƿ𝑢𝑤2 (14)
Therefore, the thrust acting on the rotor in terms of total pressure difference over the rotor is given as T = A(pu-
pd) (15)
Combining equations (3.13) and equation (3.15) the thrust can now be expressed by:
T = 1

2 ƿ A(𝑢ꝏ2- 𝑢𝑤2) (16)
Considering the mass flow rate from equation (14) and the thrust expressions, the velocities of the model can be
expressed as.
uR= 𝑢ꝏ+𝑢𝑤

2 (17)

viii. Rotor hydrodynamics

Considering the interaction between the fluid and the turbine geometrics during operation, the tip speed ratio
(TSR) which defines how fast the periphery of the turbine is spinning compared to the free stream velocity can
be expressed as.

TSR = 𝜔𝑟
𝑢ꝏ (18)

Also, the solidity of the turbine (σ) is a measure of how much of the total swept area that is occupied by the tur-
bine at any given moment. For expressions given by ,(Du et al., [16] it is expressed as.

σ = 𝑁𝑐
𝜋𝐷 (19)

The forces acting on the turbine, including the significant fraction acting in the tangential direction (driving the
rotation) and the thrust are solutions to evaluating the turbine performance. These forces are dependent on the
angle of attack as well as the non-dimensional Reynolds number expressed as; Re = 𝑝𝑤𝑐

վ .
(20)
The expressions for the tangential and normal force coefficients are expressed as.
Ct = CLsin(α) - CDcos(α) (21)
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Cn= CLcos(α) – CDsin(α) (22)
These tangential and normal forces can then be calculated using:
Ft= 1

2ƿw2HcCt (23)
Fn = 1

2ƿw2HcCn (24)
The instantaneous thrust which acts on one of the blades in the direction of flow is expressed as.
Ti = Ftcosꝋ - Fnsinꝋ (25)
By equating the momentum lost by the fluid and the momentum gained by the turbine the only unknown (the
induction factor) can be calculated.
Since the axis of rotation is perpendicular to the stream wise direction, the blades experience different condi-
tions in every given azimuth location. The instantaneous torque Qt from each individual blade and for every
azimuthal location is given by Gundersen and Herman., [17] as:
Qt = Ft x r (26)
where Ft= instantaneous force and r = the distance of the shaft from the blade outermost tip.

ix. Turbine blade specification

Blade shape and dimension are determined by the aerodynamic performance required to efficiently extract en-
ergy, and by the strength required to resist forces on the blade. Rotor et al., [18] asserted that for a given tidal
stream speed, turbine mass m(kg) is approximately proportional to the cube of its blade-length Lb

i.e m = 𝐿3𝑏 (27)

Wind power P intercepted is proportional to the square of blade-length.

i.e P = 𝐿3𝑏 (28)

The ratio between the blade speed and the fluid speed is called tip-speed ratio.

In the 360-degree revolution of the turbine shaft, the current flow direction is divided into 180° of passive blade
power, and 180° of active blade power. On the passive side of the turbine’s shaft, the turbine blade opens to
allow flow while on the active side of the shaft, it closes to extract the power from the water current. This
model turbine is deemed ideal for harvesting low ocean currents by marine vessels and offers opportunities for
durable construction. Vessels using this design should be able to operate in extreme maritime environments and
coupled with the periodic hoisting and lowering through the offshore hull necessitates calls for a durable design.
Also, the passive-to-active turbine is simple in design and easy to maintain. The blades are capable of harvest-
ing energy from the current at speeds as low as 0.3m/s without the need for an external starting torque, unlike
most other tidal turbines which require at least 0.5m/s to start. Wang et al., [19]. These advantages informed the
choice of the passive-to-active turbine model for this design. The design concept requires the turbine blades to
be hinged at the top of a rectangular frame. The blades have a larger surface area than the frame, so they only
flip on one side of the frame. The section of the blade arrangement moving against the current is forced to open
in a passive mode while the part in the current direction closes in active mode. This produces a resultant force
that turns the shaft in a clockwise direction, as shown in Figure 1.
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Figure 1. Underwater Tidal Turbine.

The hydrokinetic energy available in any tidal stream is given by

P = 1
2𝛼𝜌AV

3 (29)

Where 𝛼 = power coefficient

𝜌 = water density

A = surface area of turbine plate normal to water flow.

V= velocity of water current

According to DURSUN, [20] only 16/27 of this available power can be extracted by a hydrokinetic turbine and
this is the maximum power coefficient (𝛼) that a stand-alone tidal current turbine can achieve. Using the Baddas
et al., 2017 template a standard sea-going barge measuring 10 meters by 60 meters a blade span of 2 meters
could be considered. This length was presumed to be easy to manipulate and wide enough to generate some
torque at low current speeds. Mathematically, at 0.3m/s:

A = 4m2 ,𝜌 = 1025kg/m3, V = 6m/s

Typically, the Gulf stream current, attains speeds of between 0.03m/s at its far depths and 2m/s at the ocean sur-
face. It is the dominant ocean current affecting the UK continental margin. .NASA, [21]. Through ducting tech-
nology simulation, the speed of ocean currents could be varied. This principle of ducting was first proposed by
Agbakwuru and Ibrahim, [22] for low-velocity flow conditions. Thus, from Equation 1 and substituting values,
the lowest theoretical power available to the shaft for the design when blades are fully immersed blades are:

Pmin = 16
27 x

1
2 x 4 x 1025 x 0.3g

3

Pmin = 32.8 Watts

While the highest theoretical power capable of being delivered is

Pmax = 16
27 x

1
2 x 4 x 1025 x 6

3

Pmax = 262,400 Watts
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Pmax = 262.4KW

This is the maximum theoretical power available on the turbine shaft for conversion into.

IV. EXPERIMENTAL PROCEDURE ANDCFD SIMULATION.
To validate some significant governing principles of the underwater current power generation turbine, an exper-
imental simulation was carried out along with computer simulations using computational fluid dynamics (CFD)
on an experimental model. A 3-bladed (flap) turbine model similar to the Ojarr, [23] model was used for exper-
imentation as shown in Figures 2. A V-shaped water flow guide was directed towards the active blade to initiate
a flow velocity. The passive turbine blade was shielded from the incoming water current. The incoming current
at the passive turbine is disregarded as being shielded by the model. Also, the force acting against the returning
blade on the passive side is disregarded assuming the frame and blades offer negligible resistance to the shaft
rotation when the flaps are open. Having fewer blades reduces drag. But a 2-bladed turbine will wobble when
they turn to face the current due to variations in its angular momentum. With 3 blades, the angular momentum
stays constant because when one blade is incident to the current, the other 2 are at an angle and making the tur-
bine rotate smoothly.

Figure 2 Experimental Vertical Tidal Current Turbine.

Also following the review of the computational equations necessary to define the operation and performance of
the underwater power turbine, an analytical and cad simulation of a hypothetical concept is carried out accord-
ingly based on some significant operational quantities which include the following.

i. Lift force.
This is expressed as a function of the angle of attack in which the ocean wave is incident on the turbine blades,
the fluid density and the fluid speed. A little consideration will show that from equation (11)
There is a direct relationship between the lift and fluid density and fluid speed. Taking density of water as
997kg/m3. The values of the simulation were recorded as shown in Table 1 in the result section. The correspond-
ing graph is also shown in Figure 4.2 of the result section of this work.

ii. Rotor hydrodynamics

The forces acting on the turbine, including the significant fraction acting in the tangential direction (driving the
rotation) and the thrust are solutions to evaluating the turbine performance. Normal and tangential forces are
acting on the Turbine blades at different conditions in every given azimuth location. These forces are dependent
on the angle of attack. The instantaneous torque Qt from each individual blade and for every azimuthal location
is dependent on the instantaneous force Ft and the blade length. Active force on the blade across its length can
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be verified experimentally according to the governing expression in equation (26). The computations are shown
in Table 2 and the corresponding graph in Figure 4.2 in the results section of this work.

iii. Turbine blade specification

Blade shape and dimension are a function of the aerodynamic performance required to efficiently extract en-
ergy, and the strength of resisting forces on the blade. Turbine mass m(kg) is approximately proportional to the
cube of its blade-length Lb. for given fluid speed. Also, the fluid power P intercepted is proportional to the
square of blade-length as depicted in equation (27) and (28) respectively.
The CAS simulated models of the vertical underwater tidal turbine are shown in Figures 3 to 5.

Figure 3 Visualizing CFD Result in ANSYS Environment.

Figure 4 Lift Force Analysis (ANSYS FLUENT)
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Figure 5 Shaft Torque Analysis. (SOLIDWORKS CFD FLOW SIMULATION)

The motion study settings and results for angular velocity are presented in Figures 6 to 12.
.

Figure 6 Motion Study Settings and for Angular velocity
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Figure 7 Angular Velocity in Deg/sec for Torque(Y) of 1536.00 Nmm and Blade length of 60mm

Figure 8 Angular Velocity in Deg/sec for Torque (Y) of 5043.91 Nmm and Blade length of 90mm
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Figure 9 Angular Velocity in Deg/sec for Torque(Y) of 6890.13 Nmm and Blade length of 120mm

Figure 10 Angular Velocity in Deg/sec for Torque(Y) of 16275.07 Nmm and Blade length of 150mm
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Figure 11 Angular Velocity in Deg/sec for Torque(Y) of 14681.73 Nmm and Blade length of 180mm

Figure 12 Angular Velocity in Deg/sec for Torque(Y) of 14662.70 Nmm and Blade length of 210mm.
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A. The mass properties of the blade of varying length is simulated as shown in Figures 13 to 18.

Figure 13 Flow Simulation Setup for Analyzing the turbine Blade Setup

Figure 14 Mass of Blade length 60mm
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Figure 15 Mass of Blade length 90mm

Figure 16 Mass of Blade length 120mm
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Figure 17 Mass of Blade length 150mm

Figure 18 Mass of Blade length 180mm
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Figure 19 Mass of Blade Length 210mm

.V. RESULTANDDISCUSSION

Effect of fluid density and speed on lift of turbine blade data is shown in Table 1 and graphs
are shown in Figures 20 and 21.
Table 1 Value of Lift force
Density of water (kg/m3 speed of water (m/s) Lift (Analytical) Lift (CFD simu-

lated)

997 5 2492.5 337.45

997 10 4985 1346.33

997 15 7477.5 3019.98

997 20 9970 5351.76

997 25 12462.5 8347.68
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Graph of Lift force of turbine vs FluidSpeed
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Mass and Power of turbine blade againstLength of turbine blade

Mass of blade Power of blade
Figure 20. Effect of fluid speed on lift
force on underwater current turbine
blade (Analytical)

Figure 21 Effect of lift force on under-
water Current Turbine blade (CFD)

From Table 1 and Figures 20 and 21, it was inferred that the lift of the turbine which ex-
presses its ability to be pushed through the water current to generate power is directly propor-
tional to the fluid density and speed. During low tides and low water current, there is low en-
ergy in the form of torque from the incident water to turn the turbine and this causes inability
to generate power. This implies that a forced current generated by a venture can be used to
increase speed and direct the water towards the active area of the turbine blade for an effec-
tive blade lift. Comparative analysis of the result from the analytical and simulated data
shows a correlation in the relationships between the density and flow velocity of water with
lift of the tidal turbine blade. However, there was a slight difference between the data as it
was observed that the CFD simulated values (Figure 21) were slightly lower and gave a log-
arithmic relationship rather than a direct linear relationship between the quantities. Table 2
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shows the effect of blade length on the instantaneous torque with depicting graphs in Figures
22 and 23.

Table 2 Instantaneous torque against blade length.
Analytical outcome CFD Simulated model

Design
Point

Inlet
Veloc-
ity
(m/s)

Blade length
(m)

Instantaneous

torque Qt (Nm)

Blade length
(m)

Instanta-
neous torque
Qt (Nm)

1 10 0.0 0.0 0.06 1.54

2 10 0.2 1 0.09 5.04

3 10 0.4 2 0.12 6.89

4 10 0.6 3 0.15 16.27

5 10 0.8 4 0.18 14.68

6 10 1 5 0.21 14.66
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Figure 22 Effect of blade length on
Fluid torque. (Analytical).

Figure 23. Effect of blade length on
Fluid torque (CFD).

From Table 2 and the corresponding graphs in Figures 22 and 23, it can be inferred that the blade length directly
affects the torque of the fluid on the blade. The blade area is a derivative of the blade length, hence longer blade
length increases the area and active points of incident fluid (water) necessary to initiate torque in the underwater
current turbine. The larger the area of contact of the blade surface, the more points of incidence of flowing water
current on the active side. Effect of blade length on mass and power intercepted by the turbine blade was com-
puted as presented in Table 4 with corresponding graphs in Figures 24 and 25.
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Table 4. Blade Length, Mass and Power relationship.

Lenght of turbine blade0 1 2 3 4Ma
ssa

ndP
owe

rof
Tur

bine
blad

e

0
10
20
30

Mass and Power of turbine blade againstLength of turbine blade

Mass of blade Power of blade

72.51 742.49 1313.41

6877.65
5218.3

length of turbine blade (m)
0.06 0.09 0.12 0.15 0.18

Tur
bine

pow
er(

W)

0
2000
4000
6000
8000

Graph of Turbine Power against Bladelength

Analytical Data CFD Simulated Data
length of
blade (m)

mass of
blades(kg)

Power (W)
intercepted
by blade

length
of
blade
(m)

mass of
blades(kg)

Power (W) inter-
cepted by blade
P=Torque x Angular
Velocity

1 1 1 0.06 0.0809 72.51
1.5 3.375 2.25 0.09 0.0960 742.49
2 8 4 0.12 0.1110 1312.41
2.5 15.625 6.25 0.15 0.1260 6877.65
3 27 9 0.21 0.1561 4813.02

Figure 24. Turbine blade length vs blade mass and
power (Analytical).

Figure 25. Turbine blade length vs blade mass and
power (CFD simulation)
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From Table 4 and the corresponding graphs in Figures 24 and 25, it was observed that the length of blade has a
direct effect on its mass and power intercepted from the fluid (water). This is also a validation of the increase in
torque as blade length increases. The torque has a direct effect on power interception by the blade. From the
graph in Figure 24 the blue curve represents the mass of blade while the red curve represents the power inter-
cepted by the blade. They both have a consequential effect on the power generated by the current underwater
turbine. As the blade mass, length and fluid torque increases, power generated also increases. The relationship
between these quantities was like the CFD simulated values shown in the graph in Figure 25.

.VI. CONCLUSION
As part of set objectives of the study, ocean energy forms were examined, marine vessels and components ca-
pable of tapping energy from tidal streams in ocean bodies were identified and finally an experimental tidal
stream turbine model was developed, analyzed mathematically and simulated using computer software to ascer-
tain its performance quantities such as power generated, torque, effect of blade mass and area as well as effect of
fluid density and speed on the power generation. Following the outcomes of the experimental testing and sim-
ulation of the experimental model, it was concluded that harnessing the power of tidal stream through underwa-
ter turbine anchored on marine vessel is a viable power generation concept capable of mitigating power gener-
ation problems onboard marine vessels and promoting renewable and clean emery sources in the UK, as it is a
fuel less energy source devoid of emission of pollutants.
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