Estimating Surf Zone
Turbulence

Neil Clayton
REU project 2003



Topics
1. General Knowledge and Theory

2. EXxperiment

3. Results



<

Shoaling

Surf Zone

Breaking

Organized wave energy
degenerates into turbulence
as the wave breaks




Studying Surf Zone Turbulence

Flow Visualization
e Entrained air bubbles

e UV light illuminates fluorescent particles

Velocity Measurement
 Mechanic Impellers
» Electromagnetic Current Meters
e Hot-wire & Hot-film probes
e LDV's
*ADV'’S



The “Simple” Equations

u==u-+uU+ u®
V=V + VvV + V©
W =W + W + w®

Measured = Mean N Wave +Turbulent

Velocity Velocity  Velocity  Velocity



Quantifying Turbulence

Turbulent Velocities u® vo woe
Turbulent Shear Stresses u®® vev© uw©

Turbulent Kinetic Energy K="%( ué + vé + Wé)



Methods to Estimate Turbulence

TN
1. Ensemble Average

~— Compared

2. Frequency Filter
—

] TN
3. Correlation w/ Free Surface

—~— Summarized

4. Trowbridge’s Method
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Ensemble Average

Advantages Disadvantages
« Common * Overlooks repeated
o S|mp|e eddies
« Removes patterns * Only monochromatic
waves

e No field use




Frequency Filter

................................................................................................................................................

Time domain Frequency Domain

(1) Original
Time Series

(3) Reduced ™
| Spectrum "
.~ (4) New
Time Series '



Frequency Filter

Advantages Disadvantages
_ab and field  Ambiguous cutoff
Robust frequency, f
Distinct separation of | |* May include wave
wave motion from motion
turbulent motion  May exclude turbulent

motion




Correlation with the Free Surface

 Numerical filters compare velocity with
free surface

e Correlated motions = waves

* Uncorrelated motions = turbulence

* Results similar to ensemble averaging
e Lab and field

« Uncommon




Trowbridge’s Method

Turbulent Shear Stress, u#v®estimated
using covariance between two sensors

Sensor spacing critical

Wave-induced motion : detected by both
Sensors

Turbulent motion : detected by a single
sensor

Lab and field



Experimental Setup
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Non-Dimensional Measurement Locations
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Results

Data Processing

General Comparisons
Development of Turbulence
Cross-Tank Oscillations
Wave Reqularity

Breaker Type
Pseudo-turbulence



Data Processing

* Dropouts removed

 Wave stability based on:
» Wave height
» Wave period
» Breaking location
» Breaking uniformity



General Comparisons: u©

% 2 | | | |

£ OWJ\WWN/WM

> _2ﬁ | | | —

? 2 ‘ ‘ ‘ |

Ensemble Average £ OWVWWWWWW
=l T \ \ |

. @ 2/ | | | *

Frequency Filter £ 0 |
(f,=10xf,) =, | | | f
. & 20 | | | |

Frequency Filter £ o*WwHWWMWWWWM*‘M‘“‘*
(f,=20xf,) 5., \ \ \ f




General Comparisons: k
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Development of Turbulence
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Cross-Tank Oscillations
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Breaker Type
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Pseudo-turbulence

iy el

Pt b oot B ot o et M B s

I TR W T ATV A SRRV 17411 WGl W97 PO U "N 11 PN RO el S TG O Y DR W L P VN WL AR (YA

M i

e, ”Mwﬂ mmm Jf‘w‘ MMV v ]HWW g M/x“‘ﬂ”\% ) S Mﬂome iﬁﬂ WWN JJ M \ JHWMMW

tT



Pseudo-Turbulence

Sources:
Irregular T and H

Irregular Breaking
Cross-Tank Oscillations
Sieching



Conclusions

Assess wave regularity

ldentify low-frequency oscillations
Ensemble averaging estimates high
Additional research for f,



