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A multi-scale analytical model for the
performance of a tidal stream array in a tidal

channel
F. He, Y.L Chen, A. Angeloudis, C.R. Vogel and T. A.A. Adcock

Abstract—Assessing the tidal resource is central to the
feasibility analysis of any development of tidal stream
turbines. This is true for the CoTide project which seeks to
optimise the design of tidal stream turbines by building an
integrated design tool considering hydrodynamics, struc-
tural effects, fatigue, environmental impact, etc. However,
there is no closed-form analytical solution for the tidal
resource assessment. Motivated by this, this paper proposes
a multi-scale framework for tidal resource assessment for
the Co-Tide project. The key element of this framework
is to model the system, i.e. an array of turbines (arranged
in a row) partially occupying a tidal channel, at different
scales (channel-scale, array-scale, turbine-scale), and then
coupling them together through the net resistance of the
turbine array solved by a drag model that might be derived
from laboratory experiments or numerical simulations. The
channel-scale flow dynamics is described by the Garrett
& Cummins (2005) model [1] whereas based on the scale
separation model of Nishino & Willden (2012) [2] the
array-scale and turbine-scale flows are modelled separately
by the Garrett & Cummins (2007) model [3] and then
coupled together. Using characteristics representative of
a tidal site (including tidal flow characteristics, channel
geometry and turbine geometry) as inputs, we have em-
ployed the framework to predict the velocity in the channel,
velocity through the array and the power generated by
the array over time. Only two principal tidal constituents
are considered here as increasing the number of tidal
constituents significantly increases the computational cost.
The model can be adapted for other tidal energy projects
and has flexibility to incorporate more detailed sub-models
in future.

Index Terms—Co-Design, Tidal stream resource, Tidal
turbine array

I. INTRODUCTION

THe CoTide project aims to use a co-design method-
ology to improve the design of tidal stream energy

systems. The project will optimise across multiple as-
pects of the design including turbine performance, en-
vironmental impact, fatigue, sustainability of materials,
etc. Critical to this is, of course, the “resource model”.
This must take the environmental flow conditions and
understand how the presence of a tidal turbine farm
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alters the flow. The power, thrust, and other parameters
can then be calculated. Given this will be used as
part of a complex optimisation routine, computational
efficiency is paramount. Thus, the goal of this work
is to develop a framework for resource assessment
that is accurate enough for co-design to take place but
computationally fast enough to enable optimisation.

Resource assessment in tidal stream energy is a
complex problem (see discussion in the review pa-
per [4]). Due to the highly multi-scale nature of the
problem we must rely on computational modelling
with few developments on experimental modelling
since a 2013 EWTEC paper [5]. Resource assessment is
carried out using flow models which solve the depth-
averaged shallow water equations (for example [6]–
[8]) with some modellers extending the analysis to
three dimensions [9], [10]. However, such modelling
is computationally expensive making it impractical to
use as part of an optimisation routine. Therefore sim-
pler analytical models would be ideal for the present
purpose, which are computationally efficient but can
capture the physics that is critical for the co-design
process.

To evaluate a channel’s potential for tidal stream
power generation, to a first approximation, the leading-
order flow dynamics at generic sites can be analytically
modelled by tidal flow through a row of turbines par-
tially occupying a rectangular channel (see Figure 1).
There are three different scales of flows in this problem,
i.e. channel-scale (Figure 1a), array-scale (Figure 1c)
and turbine-scale (Figure 1d). At the channel-scale,
the tidal flow through a channel is controlled by a
momentum balance between the tidal driving head and
the resistance provided by both the bed friction and
the turbine thrust. Integrating the momentum equation
describing this momentum balance along the channel
leads to the channel-scale model of Garrett & Cummins
(2005) [1]. This model has been widely used to analyse
the characteristics of the tidal resource [11]–[15]. This
model is a substantial simplification of the complex
dynamics typically present at a real site [16]. However,
it is possible to adopt this model provided that the goal
here is not to model a real site, but rather to capture
the leading-order dynamics of generic sites for which
the model is capable.

In comparison to this, at the array-scale, the turbines
within the array as a combination will offer net resis-
tance to the flow, which results in a portion of incoming
flow diverting around the array (bypass flow), with the
rest passing through the array (core flow). Taking the
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whole array as a porous obstruction, it is then possible
to adopt the model of Garrett & Cummins (2007) [3]
to describe flow through the porous array. Similarly, at
the turbine-scale, a single turbine behaves as a porous
obstruction, again, the model of Garrett & Cummins
(2007) [3] can be used to characterise flow through the
single turbine within the array.

Application of the model of Garrett & Cummins
(2007) [3] to array-scale and turbine-scale flows simul-
taneously, however, requires the scale separation model
that was proposed in Nishino & Willden (2012) [2].
Specifically, it is assumed in this model that turbine-
scale mixing, between the turbine core and bypass
flows, scales on the turbine diameter d and occurs
ahead of the start of array scale mixing, between the
array core and bypass flows, which scales on the width
of the array WA (see Figure 1c, d). This allows for the
array-scale and turbine-scales stream tubes (indicated
by blue dot-dashed line and dashed line in Figure 1c,
d) to expand along the channel to reach the equilibrium
of pressures between the core and the bypass flows at
each scale before mixing between each two streams.
Accordingly, the model of Garrett & Cummins (2007)
[3] can be applied to array-scale and turbine-scale flows
simultaneously. Combining this scale separation model
[2] with the model of Garrett & Cummins (2007) [3] and
the model of Garrett & Cummins (2005) [1], it is then
possible to evaluate efficiency of an array of turbines in
a channel for a given local and array blockage ratios
and wake induction factor for individual turbines as
described in Dehtyriov et al. (2023) [17] (see also [18]).

Practically, this wake induction factor (equivalently
the thrust coefficient for the turbine) is unknown a
priori. Therefore, coupling these three models above
does not lead to a closed-form solution to this problem
in terms of predicting power generation for a general
array of turbines in a channel. In this paper, a drag
model that relates the thrust coefficient to the inci-
dent flow velocity is introduced to close this problem.
Integrating these three models with the drag model
leads to a tidal resource assessment framework. The
primary aim of this paper is to apply this framework
with practical site characteristics to conduct resource
assessment.

II. MULTI-SCALE MODEL FRAMEWORK

In this section, we introduce a multi-scale framework
for tidal resource assessment for the Co-Tide project,
which models the system at different scales (channel-
scale, array-scale, turbine-scale) and then couple them
together through the net resistance of the turbine array.

A. Channel-scale model

To establish the integrated framework, we start by
introducing the one-dimensional channel dynamics
model of Garrett & Cummins [1], which takes the form
of

∂UC

∂t
=

g∆η

L
− 1

2

(
CD

h
+

BACA

L

)
UC |UC |, (1)

Fig. 1. Sketch of multi-scale dynamics in tidal flow through a row
of turbines in a channel. The channel in (a, b) has length L, width
W , and water depth h, whereas the turbine has diameter d and
spacing (tip-to-tip) between adjacent turbines s. The flow diversion
around the entire array is laterally bounded by the physical channel
wall, where the flow diversion around each turbine is laterally
bounded by local symmetry of the flow (gray dashed line in (b, d)).
Through a momentum balance between the tidal driving force, the
bed shear and the turbine array thrust, the tidal current velocity
is UC upstream of the turbine array in (a), and then reduced to
α2,AUC due to the flow blockage of the turbine array, before further
reducing to α4,AUC in the array wake due to the expansion of
streamtube bounding the array (dot-dashed line in (c)). This core-
velocity of α2,AUC sets the incident velocity for each turbine, which
is reduced to UT = α2,TUA when passing through it, before further
reduction to α4,TUA in the turbine wake.

where UC is the along-channel velocity, t is the time,
g is the gravitational constant, ∆η is the difference in
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surface elevation between the two ends of the channel,
L is the channel length, CD is the bed friction coeffi-
cient, h is the water depth, CA is the thrust coefficient
for the total array, defined as

CA =
TA

1
2ρU

2
CA

, (2)

in which TA is the thrust acting on the turbine array,
ρ is the fluid density (1025 kg m−3), A is the cross-
sectional area of the turbine array, and BA is the
channel blockage ratio of the array defined as

BA =
A

hW
=

hn(d+ s)

hW
, (3)

where n is the number of turbines in a row, d is the
turbine diameter, and s is the (tip-to-tip) gap distance
between adjacent turbines (see Figure 1b).

B. Scale separation model

To evaluate the efficiency of a partial tidal fence, i.e. a
row of a number of turbines arrayed only across a part
rather than the entire cross-section of a wide channel,
the scale-separation model was developed in Nishino
& Willden (2012) [2]. Assumptions for this model are
detailed below.

In this model, firstly, it was assumed that the two
scales of flows are separated. This assumption of scale
separation implicitly requires that the turbine fence
is sufficiently wide (large enough number of turbines
n) to allow turbine-scale mixing, between the turbine
core and bypass flows, which scales on the turbine
diameter d to occur before the start of array scale
mixing, between the array core and bypass flows,
which scales on the length of the array WA (see Figure
1a, b). This requirement essentially ensures that for
both the array and the turbine the core flow expands
and the bypass flow contracts freely downstream until
a point where static pressure equilibrium between the
core and bypass streams is reached. This allows for
application of the Garrett & Cummins (2007) model [3]
to array-scale and turbine-scale flows independently
(introduced below in section C).

Secondly, individual turbines are assumed to be
operated in the same local flow condition, i.e. the same
core flow velocity through each turbine. This means
that the thrusts on individual turbines are identical
across the array.

Thirdly, the channel is sufficiently long – multiples
of the array width WA – for array-scale mixing to be
completed within the channel. The numerical simula-
tions of Nishino & Willden (2013) [19] suggest that
the restriction on the number of turbines to achieve
scale separation is not particularly onerous, with n
≥ 8 achieving good agreement between theory and
numerical simulation.

C. Array-scale, turbine-scale model

The Garrett & Cummins (2007) model [3] describes
flow through a porous disc mathematically represent-
ing a porous obstruction in a channel. Here, the porous

obstruction can be the entire array or a single tur-
bine. This model extends the well-known actuator disc
theory of Lanchester (1915) [20], Betz (1920) [21] and
Joukowsky (1920) [22] applied conventionally to an
infinitely wide channel where the bypass flow can
expand freely to a case of a porous disc in a channel
with finite width where the expansion of the bypass
flow is confined by the sidewall. The key element of
this theory is to relate the velocity through the disc to
the thrust on the disc by applying mass, energy, and
momentum conservation to different parts of the flow
field.

Starting with the array-scale problem, application of
the Garrett & Cummins (2007) model [3] to the entire
array gives

CA = (1− α4,A)

[
(1 + α4,A)− 2BAα2,A

(1−BAα2,A/α4,A)
2

]
, (4)

in which the array wake induction factor α4,A is the
ratio of array wake velocity (at the array scale pressure
recovery location) to the upstream channel velocity UC ,
which is related to the array core velocity factor α2,A

by

a2,A =
1 + α4,A

(1 +BA) +
√
(1−BA)2 +BA (1− 1/α4,A)

2
,

(5)
Once the array blockage BA has been specified, (4)

and (5) may be solved for CA as a function of α4,A

alone. For each 0 < α4,A < 1, (5) provides a unique
solution 0 < α2,A < 1, which then solves for a unique
CA in (4).

Following Nishino & Willden (2012) [2], we then
apply the Garrett & Cummins (2007) model [3] to
the turbine-scale problem, yielding a similar form of
equations that relate the turbine thrust coefficient CT

to the turbine induction factor a2,T , which itself relates
the core flow velocity through the turbine to the array
core velocity through UT = a2,TUA. Once the turbine
blockage BT has been specified, the array thrust CT is
parametrised by a2,T as

CT = (1− α4,T )

[
(1 + α4,T )− 2BTα2,T

(1−BTα2,T /α4,T )
2

]
, (6)

where α4,T is the ratio of the turbine-scale wake veloc-
ity (at the device-scale pressure equilibrium location)
to the turbine approach velocity UA, and BT is the local
blockage ratio defined as

BT =
πd2/4

(d+ s)h
, (7)

where the denominator is the cross-sectional area of the
‘local’ channel with symmetry walls for the passage of
the turbine-scale flow. The turbine induction factor is
defined as

a2,T =
1 + α4,T

(1 +BT ) +
√
(1−BT )2 +BT (1− 1/α4,T )

2
,

(8)
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The turbine-scale and array-scale problems are cou-
pled kinematically through the array approach velocity
UA, and dynamically through specifying the array
thrust to be n times the turbine thrust, i.e. TA = nTD,
or non-dimensionally,

CA = (a2,A)
2BACT , (9)

The kinematic and dynamic coupling closes the partial
fence problem leading to a solution for array thrust as
a function of the turbine thrust coefficient CT .

Finally, following Garrett & Cummins (2007) [3],
we neglect changes in the free surface elevation and
assume that the array-scale and turbine-scale flows are
bounded by a rigid lid. However, at the channel scale,
following Garrett & Cummins (2005), we assume that
the channel depth varies in time according to the driv-
ing tidal forcing. Relaxation of the rigid-lid assumption
at the turbine and array scales has a significant impact
only on the model predictions for large Froude number
(Fr = UC/

√
gh) channels or high global blockage ratios

(BABT ) [23]. However, as Froude numbers for realistic
tidal channels are comparatively low (0.1 ≤ Fr ≤
0.2) [23], and the results presented herein show peak
performance points at modest global blockage ratios,
the rigid-lid assumption made here will introduce only
small errors for practical turbine array deployment
scenarios.

D. Drag model

Once the the local blockage ratio for the turbine
BT and the channel blockage ratio for the array BA

are determined, coupling of the channel-scale model
[1], the scale separation model [2] and the array-scale
and turbine-scale model [3] gives a solution for the
efficiency of a row of turbines in a channel with a
presumed array induction factor α2,A in the range of 0-
1, as described in Dehtyriov et al. (2023) [17]. However,
in practice, this array induction factor is unknown a
priori.

To close this problem, a drag model is introduced.
The drag model can be obtained through laboratory
experiments or numerical simulations, and relates the
incident flow velocity for a single turbine to the thrust
of the turbine. Here, we adopt a drag model of the
form

CT =


0.96, UA ≤ Ur

0.96

(
Ur

UA

)2

, UA > Ur

, (10)

where Ur is rated velocity above which the turbine
thrust is reduced by, for example, pitching the blades,
selected here to be 2.0 m/s. Note that in turbine
simulations and experiments, the incident flow velocity
for a single turbine is equivalent to the channel free-
stream velocity UC . i.e. array-scale deceleration of the
incident flow does not occur. However, in multi-turbine
configurations, the flow incident on an individual tur-
bine is not UC but rather is UC corrected by a factor of
α2,A, i.e. α2,AUC , due to array-scale hydrodynamics.

E. Integrated framework
Integrating the four models above provides a closed-

form solution to the system, which leads to an in-
tegrated framework for assessing power generation
for a row of turbines in a rectangular channel. The
input for this framework includes tidal characteris-
tics (period, neap/spring velocities), turbine diameter,
and channel geometry (channel length, channel width,
water depth) based on site data. With these inputs,
unknown variables for this analytical framework, e.g.
α2,A, CA, CT , UC can be solved by running the four
models iteratively.

III. TIDAL CONSTITUENTS

Tides are generally modelled using harmonic con-
stituents based on the methods developed by Doodson
[24]. There are a range of tidal constituents including
diurnal (K1, O1), semidiurnal (M2, S2, N2, K2) and
higher order constituents (M4) [25]. However, in many
locations around the world, the tides are dominated
by the principal M2 and s2 constituents, modulating
with each other to form neap and spring tides. This is
particularly true for many sites which are of interest
to tidal stream power developers because the areas
with the largest tides are typically locations where the
bathymetry leads to amplification of these constituents
(for example, the west coast of the UK, and the Bay
of Fundy, North America) [12]. The presence of multi-
ple constituents results in variability of daily average
power by tidal turbines over the entire neap/spring
cycle and indeed over the whole 19.6 year idal cycle
[26], [27]. However, incorporating these secondary tidal
constituents in tidal resource assessment requires a
long-time assessment, which is computationally ex-
pensive. This is even be a problem for the Co-Tide
project for which the aim is to optimise the tidal en-
ergy systems across multiple aspects. Therefore, in this
study, we consider two principal constituents, i.e. M2
and S2 while demonstrating how the increase of tidal
constituents can significantly increase computational
costs.

IV. RESULTS

A. Evaluate performance of a row of turbines in a channel
The power generation for candidate tidal channels

is directly related to the amplitude and phase of the
principal tidal constituents driving the flow through
the channel. Assuming two principal constituents, the
elevation difference across the channel ∆η can be writ-
ten as

∆η = aM2 sin(ωM2t) + aS2 sin(ωS2t), (11)

where aM2 and aS2 are amplitudes of tidal force com-
ponents, and ωM2 and ωS2 are the frequencies of the
M2 and S2 constituents respectively.

In practice, the tidal forcing amplitudes, aM2 and
aS2, are unknown for real candidate sites. However,
it is possible to conduct field measurements to obtain
the time history of tidal velocity and then calculate the
time-mean values of neap and spring tide velocities.
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With these time-mean values, it is then straightforward
to back-calculate the amplitudes of tidal forcing. This
back calculation is very important for tidal resource
assessment due to the channel-scale flow dynamics.
Specifically, the turbine thrust is capable of affecting
the tidal velocity in a channel as shown in equation (1)
[1]. The dependence of the tidal velocity in a channel
on the turbine thrust suggests that it is not possible
to rely on the field measurements of tidal velocity in
an empty channel (without turbines) to conduct tidal
resource assessment (with turbines), as once turbines
are deployed in the turbine and channel velocity is
altered. However, it is reasonable to assume that the
tidal forcing is not influenced by the channel dynamics
[1]. Therefore, once the back calculation is done for
an empty channel, the tidal forcing term in the in
the Garrett & Cummins model [1] remains constant
regardless of the number of turbines deployed in the
channel, which serves for tidal resource assessment for
varying numbers of turbines.

An approach for predicting the tidal forcing ampli-
tudes, aM2 and aS2 based on field measurements of
time-mean neap and spring tidal velocities is intro-
duced here. We start by substituting (11) into (1) and
omitting the turbine thrust term for an empty channel,
which gives

∂UC

∂t
=

g

L
(aM2 sin(ωM2t) + aS2 sin(ωS2t))

− 1

2

CD

h
|UC |UC

, (12)

Neglecting the bed friction term in (12) yields

∂UC

∂t
=

g

L
(aM2 sin(ωM2t) + aS2 sin(ωS2t)), (13)

Taking the integral of (13) at both sides leads to

UC(t) = − g

L

[
aM2

ωM2
cos(ωM2t) +

aS2

ωS2
cos(ωS2t) + c

]
,

(14)
Assuming the time-mean value of UC to be equal to

zero gives c = 0. With this, rearranging (14) leads to

UC(t) = − g

2L

(
aM2

ωM2
+

aS2

ωS2

)
[cos(ωM2t) + cos(ωS2t)]

− g

2L

(
aM2

ωM2
− aS2

ωS2

)
[cos(ωM2t)− cos(ωS2t)]

,

(15)
From (15), the time-mean spring (maximum) and neap
(minimum) velocities are

Uspring =
g

L

(
aM2

ωM2
+

aS2

ωS2

)
, (16)

Uneap =
g

L

(
aM2

ωM2
− aS2

ωS2

)
, (17)

where the overbar represent a long-time averaging
operation.

We can then determine the tidal forcing amplitudes
aM2 and aS2 based on (16) and (17) once field mea-
surements of Uspring and Uneap are obtained. This only

provides an initial guess for the real values of aM2

and aS2 as we neglect the bed friction term in (15)
that acts as a damping term on the tidal velocity in a
channel. However, it is straightforward to evaluate the
more accurate values including drag effects by numer-
ically solving (15) starting with the initial theoretical
guess. For instance, for time-mean spring and neap
tidal velocities (3.2, 1.6 m/s), a water depth h = 25 m
and channel length L = 7000 m, the two tidal forcing
amplitudes are determined as

aM2 = 0.495, aS2 = 0.268, (18)

Substituting these tidal forcing amplitudes into (12),
it is then possible to conduct tidal resource assessment
for a row of turbines in a channel based on the inte-
grated framework.

Here, we assume n = 5, a turbine diameter of 10.8
m, and channel dimensions of h = 25 m, W = 2000
m, L = 7000 m, and time-mean spring and neap tidal
velocities (3.2, 1.6 m/s).

Figure 2 demonstrates the predictive capability of
this integrated framework. Firstly, the time history of
channel velocity UC in Figure 2a. As expected, the
velocity through the turbine array UA is lower than
UC (comparing Figure 2a and 2b) especially around
the spring tide. The ratio between the two velocities,
i.e., the array induction factor α2,A, varies with time
as discussed below. Around the neap tide, the velocity
through the array UA is less than the rated velocity
Ur = 2.0 m/s. Below this speed, each turbine has a
constant thrust coefficient with CT = 0.96, which leads
to a constant thrust coefficient for the array CA and
hence constant array induction factor α2,A = 0.91 (see
Figure 2c).

When the flow evolves into spring tide, for a period
of time in each oscillating cycle, the velocity through
the array UA is greater than the rated velocity Ur.
The thrust coefficient of individual turbines is reduced
accordingly as described in equation (10), for example,
by pitching the blades. This results in an increase in
array induction factor, which exhibits an oscillatory
pattern with increasing amplitude of α2,A over time
and eventually reaching the highest peak of 0.95. This
value is higher than that of 0.91 in the neap tide.
It highlights how the rated velocity influences the
turbine-scale, channel-scale, and array-scale flow dy-
namics.

The thrust on individual turbines shows distinct
features between neap and spring tides (see Figure
2d). When the flow evolves from neap to spring tide
before UA reaches the rated velocity, the thrust on
each turbine increases with a constant thrust coefficient
and proportional to the tidal velocity squared through
the array. Once the velocity through the array reaches
Ur, the thrust on each turbine is capped rather than
continuously increasing further with the velocity UA.

Finally, there is a large difference in power gener-
ation between the neap and spring tides (see Figure
2e). The peak power for a row of 5 turbines can reach
approximately 9.3 MW in the spring tide but is reduced
to almost zero at the neap tide (see Figure 2e).
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Fig. 2. Time history of channel velocity UC (a), array velocity UA (b),
array induction factor αA (c), thrust on the array T (d) and power
(e), under the tidal forcing from the M2 and S2 constituents.

B. Variation of computational time with the number of tidal
constituents

The computational time ∆t increases significantly
with increasing the number of tidal constituents NC .
Figure 3 shows the variation of computational time
as the number of tidal constituents increases for the
longest beat period among tidal constituents. Com-
parisons have been made on a laptop using 24 CPU
cores. It is seen that with increasing the number of con-
stituents from 1 to 4, the computational time increased
by two orders of magnitude from 0.01 to 4.75 hours
(Figure 3). While a run time of 4.75 hours might be
acceptable in a standalone analysis, this computational
time is very high when coupled with other design and
optimisation algorithms. Therefore, it may be reason-
able to focus on the two principal tidal constituents
in order to balance computational efficiency and the
accuracy.

V. CONCLUSIONS

In this paper, we propose a multi-scale frame-
work for tidal resource assessment for the Co-Tide
project. The key element of this framework is to model
the system, i.e. an array of turbines (arranged in a
row) partially occupying a tidal channel, at different
scales (channel-scale, array-scale, turbine-scale), and
then couple them together through the net resistance
of the turbine array. The channel-scale flow dynamics
is described by the Garrett & Cummins (2005) model
[1] whereas based on the scale separation approach
of Nishino & Willden (2012) [2] the array-scale and
turbine-scale flows are modelled by Garrett & Cum-
mins (2007) model [3] separately and then coupled
together. To close the problem, a drag model is in-
troduced, which establishes the relationship between

Fig. 3. Variation of computational time with increasing the number
of tidal constituents. The periods for M2, S2, N2, and K2 are 12.42,
12.00, 12.66 and 11.97 hours, respectively.

the thrust on a turbine with the incident flow velocity.
Integrating these four models results in a framework
for tidal resource assessment for a row of turbines in a
rectangular channel, based on tidal channel and turbine
characteristics.

Using site characteristics informed by field data, we
have employed the framework to predict the velocity
in the channel, velocity through the array and the
power generated by the array over time, considering
two principal tidal constituents, M2, S2. It is demon-
strated that the rated velocity in the drag model has
significant influence on the channel-scale, array-scale
and turbine-scale flow dynamics and hence power
generation from neap to spring tides. Increasing the
number of tidal constituents from 1 to 4 significantly
increases the computational time to run the model
by two orders of magnitude, partly due to the much
longer simulation time required to capture the beat
period between different constituent periods. For op-
timisation within a larger design and analysis model,
focusing on two principal tidal constituents appears to
be reasonable as it balances the computational costs
and the accuracy of the results. It is possible to adopt
this framework for other tidal energy projects.
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