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Problem statementProblem statement

•• How effective is the diffraction How effective is the diffraction 
formulation in SWAN?formulation in SWAN?

•• When is the diffraction important?When is the diffraction important?
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Diffraction behind Nukuoro atoll



55

IntroductionIntroduction

•• Wave penetration around breakwater is an Wave penetration around breakwater is an 
important item of harbor designimportant item of harbor design

•• Diffraction inside harbor usually computed Diffraction inside harbor usually computed 
with phasewith phase--resolving models (mildresolving models (mild--slope, slope, 
BoussinesqBoussinesq))

•• However spectral models are more efficient, so However spectral models are more efficient, so 
attempts have been made to include diffraction attempts have been made to include diffraction 
in models like SWAN.in models like SWAN.

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Correction terms to velocities in action Correction terms to velocities in action 
balance equationbalance equation

((Rivero Rivero et al. 1997; et al. 1997; Holthuijsen Holthuijsen et al., 2003)et al., 2003)
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Diffraction parameter Diffraction parameter δδEE
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MethodologyMethodology

•• Domain selected:Domain selected:
–– Simple rectangular domainSimple rectangular domain
–– SemiSemi--infinite and impermeable breakwaterinfinite and impermeable breakwater
–– Constant water depthConstant water depth

•• Base case: Base case: 
–– wave traveling from left to right, H=1mwave traveling from left to right, H=1m
–– Constant depth of 10mConstant depth of 10m
–– T ~ 8sT ~ 8s

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Cases usedCases used

•• Directional spreading: three casesDirectional spreading: three cases
–– σσ = 1.5= 1.5°° ((uniuni--directional)directional)
–– σσ = 10= 10°° (swell)(swell)
–– σσ = 30= 30°° (wind waves)(wind waves)

(See (See Kuik Kuik et al., 1988 for definition of  et al., 1988 for definition of  σσ))

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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ApproachApproach

•• Phase 1Phase 1: sensitivity analysis over following parameters:: sensitivity analysis over following parameters:
–– Spatial resolution: Spatial resolution: ∆∆ss
–– Size of the computational domainSize of the computational domain
–– Smoothing parametersSmoothing parameters

•• Phase 2:Phase 2: validation of the diffraction approximation by:validation of the diffraction approximation by:
–– Comparing SWAN results with analytical solutionsComparing SWAN results with analytical solutions
–– Determining the areas where diffraction is importantDetermining the areas where diffraction is important
–– Highlighting how much directional spreading is Highlighting how much directional spreading is 

importantimportant

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Analytical solution: Analytical solution: 
WiegelWiegel (1962)(1962)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Results: analytical benchmarksResults: analytical benchmarks

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Hm0 (Hincident = 1.0 m, T = 8 s, θ = 0° and σ = 1.5°) Hm0 (Hincident =1.0 m, T = 8 s, θ= 0° and σ=30°)
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•• Wide range of wave periods  (T) coveredWide range of wave periods  (T) covered
•• Various water depthsVarious water depths
•• Results become unstable for L/Results become unstable for L/∆∆s s ≥≥ 3.53.5
•• Spatial resolution significant for accuracySpatial resolution significant for accuracy

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Influence of Influence of 
spatial resolution (1)spatial resolution (1)
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Influence of Influence of 
spatial resolution: stability (2)spatial resolution: stability (2)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Hm0 , Resolution L/∆s=3.5. (depth = 11 m, Hincident=1.0 m, T = 8 s, θ=0° and σ=1.5°) 
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••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Influence of Influence of 
spatial resolution: stability (3)spatial resolution: stability (3)

Hm0 , Resolution L/∆s=4. (depth = 11 m, Hincident=1.0 m, T = 8 s, θ=0° and σ=1.5°) 
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Influence of Influence of 
spatial resolution: accuracy (4)spatial resolution: accuracy (4)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

HSWAN-HANAL, L/∆s =3.0 HSWAN-HANAL, L/∆s =1.0
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Size of the Size of the 
computational domain (1)computational domain (1)

•• For low directional spreading (For low directional spreading (σσ =1.5=1.5°°) ) 
instabilities occur if domain contains too many instabilities occur if domain contains too many 
points (max: 65 pts * 65 pts)points (max: 65 pts * 65 pts)

•• For larger directional spreading (For larger directional spreading (σσ = 30= 30°°), no ), no 
limitationlimitation

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Size of the Size of the 
computational domain (2)computational domain (2)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Hm0 , domain 22 by 22 wavelengths, L/∆s=3
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Size of the Size of the 
computational domain (3)computational domain (3)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

Hm0 , domain 26 by 26 wavelengths, L/∆s=3
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Smoothing (1)Smoothing (1)

•• Stable results are obtained for higher spatial Stable results are obtained for higher spatial 
resolution resolution L/L/∆s = 5= 5

•• But results are But results are worserworser than case without than case without 
smoothing when compared with analytical smoothing when compared with analytical 
solutionsolution

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Smoothing (2)Smoothing (2)
••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

HSWAN-HANAL, no smoothing, L/∆s =3.0 HSWAN-HANAL, smoothing (SMNUM=6), L/∆s =3.0
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Requirement for diffraction (1)Requirement for diffraction (1)

•• For narrow directional spectra, diffraction For narrow directional spectra, diffraction 
should be usedshould be used

•• For wide directional spectra, including For wide directional spectra, including 
diffraction leads to diffraction leads to worserworser resultsresults

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Requirement for diffraction:Requirement for diffraction:
wide directional spectrum (2)wide directional spectrum (2)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

(HSWAN-HANAL)/ HANAL, diffraction included, σσ == 30° (HSWAN-HANAL)/ HANAL, no diffraction, σσ == 30°
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Requirement for diffraction:Requirement for diffraction:
narrow directional spectrum (3)narrow directional spectrum (3)

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions

(HSWAN-HANAL)/ HANAL, diffraction included, σσ == 10° (HSWAN-HANAL)/ HANAL, no diffraction, σσ == 10°
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ConclusionsConclusions

•• L/L/∆s <=3.5<=3.5 for stabilityfor stability
•• Computational domain size < Computational domain size < 65 by 6565 by 65 points for narrow points for narrow 

directional spectradirectional spectra
•• Smoothing gives more stable results, but  too much Smoothing gives more stable results, but  too much 

smoothing gives smoothing gives worserworser resultsresults
•• Effect of directional spreading decreases the importance Effect of directional spreading decreases the importance 

of diffraction for simple cases with broad directional of diffraction for simple cases with broad directional 
spectra, and spectra, and better results are obtained if diffraction is better results are obtained if diffraction is 
not includednot included

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Suggestions of future workSuggestions of future work

•• Investigate the role of directional resolutionInvestigate the role of directional resolution
•• Investigate the effects of diffraction in a channel by Investigate the effects of diffraction in a channel by 

comparing SWAN with a mildcomparing SWAN with a mild--slope (or other type) slope (or other type) 
modelmodel

•• Investigates a real case study: harbor area and compare Investigates a real case study: harbor area and compare 
with measurementswith measurements

••IntroductionIntroduction

••MethodologyMethodology

••ResultsResults

••ConclusionsConclusions
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Questions ?


