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ProBLEM OVERVIEW

Our problem has 2 Layers:

1. Placement of turbines across
the UK
» Can limit investigation to
areas of high peak flow
2. Placement of turbines within
a given channel
» Fluid mechanics of
individual turbines
“sub-problem” Peak flow heat map across
the UK [1]
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Toy PROBLEM: SINE OF THE TIDES
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SINE OF THE TIDES PRELIMINARIES

» Tide velocity U is approximately
sinusoidal with a period of half a
lunar day (12 hours 25 minutes)

» Power proportional to U%: P =

velocity efficiency
3 2
% P u « R Ceﬁr
~— ~~
turbine radius

water density
» Sinusoidal curves out of phase
superpose destructively
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MortivatioNAaL ProTt

3%
— y = 2|sin(x)
—y = [sin(x)|® + |sin(x — 7/4)
—y = [sin(x)]® + |sin(x — 7/2)

’]

Plots of the Sum of sin® Graphs in Varying Phase
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SINE OF THE T1DES FORMULATION

» Total Power at time f,

P(t|e) : Zazllg’ sin’ ( 0:))

» We want to find o, where

o = argmin s {Var(P(t|a)) — BE(P(t|a))},

» (is a tuning parameter to be determined

REFERENCES
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(1)

(2)
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SINE oF THE TiDEs DATA AND REesutrs, 8 =1

Eight sites of tidal stream resource

Site Name (i) 0; u; Channel Width (km) | a;(%)
Stroma 647 | 3.52 | 12.49 33
Kintyre 36 244 | 21.82 0
Drummore 13 245 | 39.33 0
Cemaes Bay 682 | 2.81 | 15.16 0
Ramsey Sound | 450 | 2.85 | 12.99 57
Avonmouth 479 | 2.28 | 19.31 10
Ventnor 692 | 257 | 43.14 0
Maseline Pier 445 | 2.23 | 16.85 0

7/18



(GENERAL PROBLEM SITE PLACEMENT TURBINE PLACEMENT REFERENCES

O 000008000 00000 O
I

SINE OF THE TiDEs PLor COMPARISON

time(mins)

Comparison of Optimal plots for different values of 5
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SINE OF THE TIDES SCALING Limir 3T
[ CPsz\x :
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2'5:‘\\ ------ (1—as)’ ]
- \\ ]
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» Linearity of turbine power |\ 1
goes away for large n 1sH o\ N
» Only scales up to 431MW i \\\ ]
output 1‘7 S i

» Not enough! i
» s = intra-turbine space osH ]
» d = diameter of turbine /
C'....lu.l....l...f

s/d
Turbine Efficiency [3]
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SiNE OF THE TiDEs FutTure WORK

S
P(tlor) := ) 20 u? sin® <277f(t — 90) (3)

=1 1. extra constraints
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SiNE OF THE TiDEs FutTure WORK

P(ta) =) o \ui sin® <2,;r(t—0i)> (3)

2. not constant
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SiNE OF THE TiDEs FutTure WORK

P(tla) : Zaz at (Fe-o) 3)

3.no cutoff
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SiNE OF THE TiDEs FutTure WORK

P(t|a) : Zalu351n ( 6i)) (3)

o = argmin , as l/aj/ (P(tl)) — BE(P(tlex)) (4)

4. appropriate?
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SiNE OF THE TiDEs FutTure WORK

P(t|ax) : Za,u351n Tt — o) (3)

o :=argming s { Var(P(tla)) — 3 E(P(fa)) (4)
5. which 57
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SiNE OF THE TiDEs FutTure WORK

P(ta) : Zalu sin® ( 0;)) (3)

o = argmin s § Var(P(tla)) — BE(P(t|cx)) (4)

6. linear?
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SiNE OF THE TiDEs FutTure WORK

P(t|a) : Za,u sin® ( 0;))

o = argmin,, s {Var(P(t|a)) — BE(P(t|ax))}

7. right objective?
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(3)
(4)
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SINE OF THE TiDES CHEBYSHEV ExPANSION COEFFICIENTS

Chebyshev coefficients

Magnitude of coefficient

I |
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Degree of Chebyshev polynomial

Chebyshev Expansion Coefficients for EMEC Tidal flow data
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SINGLE SITE SCENARIO

» Individual turbine design

Turbine bolted to the sea bed
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SINGLE SITE SCENARIO

» Optimal turbine layout
> Wake effects

Diagram of a turbine array
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TURBINE LAYOUT OPTIMISATION

Diagram of a turbine array

max P(1) power
subjectto F(u,7) =0  governing equation
r<o0 additional restrictions
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TURBINE LAYOUT OPTIMISATION
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(c) Scenario 3 (d) Scenario 4

Four idealised scenario examples (1D)[2]
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TURBINE LAYOUT OPTIMISATION

(a) Initial turbine positions (b) Optimised turbine positions

»

PRt

Power [MW]
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Optimisation iteration

(c) Optimisation convergence (d) Velocity magnitude

Results of scenario 1 with minimum distance constraints[2]
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TURBINE LAYOUT FUTURE WORK

» Realistic tidal forcing and
geometry

» Penalizing the use of certain
positions
» The impact of large arrays on
the free-stream velocity.

» Account for bathymetric
effects. Y

A potential site map
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Thank you
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