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SYNOPSIS

In the currentsearchfor cleaner,cheapersolutionsto the ever-increasinglemandfor energy,one of the

most promising and often overlookedsourcess that of tidal currentenergy. With severalgovernment-
commissionedtudieshaving concludedthat thereexistsa Europearpotentialresourcein excesof 12.5

GW, this is a significantand untappedsourceof power. Althoughwork is well underwayto developtidal

turbinesin orderto exploit this source therehasbeenno detailedstudy of optimal layoutsfor tidal turbine
“farms”. The paperpresentederedescribeghe applicationof ComputationaFluid Dynamicstechniques
to this problemin themodellingof tidal turbinewakes. Resultsfor both oneturbinealoneandtwo turbines
positioned in tandem are included.

INTRODUCTION

The oceansof the world havelong impressedmenwith their vastnessand power. Until recently,however,
therehasbeenlittle realsuccessn tappingthat powerandusingit to alleviatethe hugeandincreasingenergy
demands of modern society.

In recentyears,greatadvancesn scientific and engineeringknowledgerelatingto the offshoreenvironment
have beenmade,largely in the questto recoveroil from sub-sedfields. As easily accessibleesourcesare
exhausted,the need for meansof exploiting reservoirslocated in unhospitible waters has driven the
developmenbf new engineeringmethodsfor working in harshconditionsand deepwater. Theseadvances
haveallowedthe developmenof tidal turbines;similar in concepto land-basedvind turbines,but designedo
operate submerged offshore to extract energy from tidal currents.

Tidal currentsasa sourceof energyto generateelectricity havemanyattractivefeatures. Theyarereliableand
predictablepne of the major failings of manyforms of naturalalternativeenergyis the lack of predictability,
leadingto periods whenlittle or no energyis generatedeitherthroughlack of availablemotive power,or an
equipment-damagingexcess. Tidal turbines have the potential for minimising both visual and noise
"pollution”, and are likely to be located in areas where few people would be affected by their presence.

As with conventionalwind turbines,the mostcost-effectivemeansof deployments to locateseveralturbines
togetherthusminimizing manycostssuchascablingandservicing. The groupingtogetherof severakturbines
posessomeproblems,however. In particular,the wake of upstreamurbinesmay interferewith downstream
turbines reducingthe amountof energyproduced. In the caseof land-basedvind farms,researcthasalready
beencarriedoutto studythe wakepatternggeneratedby wind turbinesandsoftwarehasbeendevelopedo find
optimal layouts for any location with a given number of turbines and annual wind conditions.

The main objectof the presentwork wasto carry out initial researctinto the developmentnd interactionof
wakesgeneratedy tidal currentturbinesasa first stepto producingsoftwaresimilar to that mentionedabove.

This has largely been achieved through the use of CFD, with additional water tank experiments for comparative
purposes.
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METHODS
The physical problem

Thetidal currentdevicescurrently envisagechavea rotor diameterof around20 metres,and are expectedo
operate in water depths of around 120m with current velocities in the region of 4 metres per second.

In orderto reducethe problemto a manageablesize, the simulationwas brokenup into severalparts,which
have been investigated in turn:

The local tidal stream velocity field without turbines
* Modelling of a single turbine wake
* Modelling of the interaction between multiple wakes.

CFD modelling

Thebulk of the presentCFD work hasbeencarriedout usingourin-housedevelopedtode,"3D-NS". Thisisa
fully-elliptic turbulent3D Navier-Stokeswumericalsolverwith k-epsilonclosure,andis capableof simulating
clusters of turbines in any configuration.
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Fig1- The computational domain

For the single-turbine case, a symmetry condition was applied (see dashed lines in figure 1) and only half of the
physicaldomain modelled, thus taking advantageof the symmetricalnature of the problemand drastically
reducingcomputationatime. For multiple turbine caseshowever,the codewasmodified to allow turbinesto

be placed in any configuration and therefore the whole physical domain was modelled.

Computational Domain

ThecomputationaHomainconsistedf arectangularbox” with anupstreandistance(i.e. -Z direction)of five
diameterdrom the first turbineanda downstreandistanceof fifteen diameterdrom thelastturbine. In the X
direction, therewas a distanceof sevendiameterson either side of the turbine tips for the multiple-turbine
model. Thetotal distancein the Y-directionwasvariedto investigatevariousparametershut mostrunswere
completedwith four anda half diameterdrom theturbinetip to the seabedindhalf a diameterfrom theturbine
tip to the sea surface.

The computational domain included the turbine disks, which were approximatedas semi-permeable
membranes generating pressure jumps (see Eqn 1) to account for the thrust force of real turbine rotors.

AP—CIXEpXu 1)

The seabedhas beensimulatedby a no-slip wall boundarycondition, while a slip condition (slip wall) is
currentlyappliedat the seasurface. At the downstreanoutlet boundary a conservatiorof massconditionwas
applied.
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RESULTS

Single wake

Initially, runs modelling the wake of a single turbine were undertaken. As well as grid-independence checks,
tests were carried out with the turbine submerged at different depths to determine what effects, if any, the "dip

wall" boundary condition applied at the sea surface had on the wake formation.
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Fig 2 - Centreline velocity deficit for various turbine depths
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It can be seen from figure 2 that the centreline velocity deficit is barely affected by the depth of submergence,

even through arange of 1 to 5 diameters depth (turbine centre to sea surface).
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Fig3- Centreline velocity deficit for various turbine thrust coefficients

Figure 3 shows the expected behaviour when the thrust coefficient of the "turbine" is altered.

velocity deficit caused by the turbine increases as turbine thrust coefficient increases.
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The centreline
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Normalised centre-line velocity deficit
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Fig 4 - Centerline Velocity Deficit for varying levels of ambient Turbulence Intensity

The plot in Figure 4 showsthe centerlinevelocity deficit for three runs completedusing various levels of
ambientturbulenceintensity. It can be seenthat increasedevels of ambientturbulenceintensity leadto a
faster recovery of the flow to it's original velocity. This is indicated by the slope of the velocity deficit lines.

Double Wake

All runsto datefor thetwo turbinecasehaveinvolved two turbinesin atandemarrangement.Two main cases
have been studied; five diameters separation between turbines and eight diameters separation between turbines.

Normalised Centreline Velocity Deficit
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Fig 5 - Centerline Velocity Deficit for turbines at 5 and 8 diameters spacing
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It canbe seenthatthereis almostno differencein the centerlinevelocity deficit at the secondurbinein thetwo
casesshownin Fig. 5; thus,therewould belittle or no benefitin leavingeight diametersdownstreandistance
betweenturbines,as this would increasecabling costswith no correspondingmprovementin turbine power

output.
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Fig 6 - Centerline Turbulence Intensity for turbines at 5 and 8 diameters spacing

Fig. 6 shows the predictable result that the turbulence intensity at the second turbine is slightly higher with five
diameters spacing when compared to eight.

DISCUSSION

The results from 3D-NS show that the code is predicting much of the expected flow behaviour. Features such
as the increased flow recovery rate with higher ambient turbulence intensity levels and the slower recovery
downstream of turbines with higher thrust coefficients are predicted much as expected.

For full validation of these CFD results, however, comparisons must be made with the results of water tank

scale model experiments currently underway. Unfortunately these were not available at the time this paper was
compiled.

CONCLUSIONS

1. The wake formed downstream of a single tidal turbine submerged at various depths has been modelled
using CFD techniques and water tank experiments.

2. The CFD results have shown (as expected) that flow recovery is faster in areas of greater ambient
turbulence intensity.

3. The wakes formed downstream of two tidal turbines in tandem at two different separation distances have
been modelled using CFD.

4. The CFD results have also indicated that for turbines with higher thrust coefficients, the wake recovery is
slower.

5. Comparisons with measurements from water tank experiments are necessary to validate the results
presented here.
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