Particle motion In wave
boundary layer

By Karsten Lindegard Jensen
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Agenda

A Why this research

A What is the wave boundary layer

A Experimental techniques

A Image processing and particle tracking
A Particle motions in wave boundary layers
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Why this research

A We want to study turbulence and its interaction with
sediment particles

A In order to improve models it is important to understand the
physical processes

A Can be used to validate models since information about the
actual probability density function is obtained

A Information about particle paths and transition to suspension
regimes is obtained

A What causes the particles to jump
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Wave boundary layer
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How to approximate the wave
boundary layer

Closed riser

]
Air
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Open riser

Particle tracking
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To pneumatic system
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Camera: Two options

Regular camera

A Cheap
A Limited fps
A Limited resolution

A Overall performance is quite good

A Good for this approach
A Captures particle
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High speed camera

State of the art PIV

Expensive

Enormous amounts of data
low resolution-> high fps
High resolution> low fps
not good for this approach
Captures flow and particle

30 cm

Laser sheet

_ 1 mm thick

a4

I1.50m

~
Light sheetk

optics
P To laser

E 7

=

:

D

f
NIRWANS



Cameras
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Particle tracking

wlmage processing
¢ Video spilt into single frames
C Grayscaledihe images et
¢ Correct for dlS’[OF%@ . tZO\“
G Begin; particlegracking

wSimple Matlab ﬁr@mﬂg |ntr|n5|c funéaded from
Mathworkshomepage to perform partlcle tracking. Modlfled and bugs

fixed, so it matches the ouuéquwements t ,
wParticle tracklng perfermed In two steps ~~~~~~~~~~~
¢ Individual particle positions based on: light intensity, size, eccentricity

¢ Combine particle positions in two successive images based on
maximum allowed displacement of particle
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Particles

A 4 different types particles
I Spherical omm,” PP Yg/cm®, 0 wIcm/s
I CylindricabhapeQ o® mm,” P& 0 g/cm?,
0 P @m/s

I lrregular (course sand grai) o® mm,” CH L
glcm3, 0 ¢ tI©m/s
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Governing parameters for particle
motion

A Smooth bed
i Reynolds numbe?2 A ——

I Rouseparameterf —

A Rough bed

I Relative roughness

I Rouseparameterf —
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Particle paths

Smooth bed Rough bed
Spherical particle Spherical particle
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Number of samples
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p.d.f
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An example of horizontal particle
velocity
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An example of vertical particle velocity

(a) wt=0° (b) wt =45° (c) wt=90° (d) wt=135°1 2500

o | 1 2000
X, [cm] | 1500 X5 00
1 1 1000
X| e ]
><>><< -: 5 X ..- < | 500
0 . e . , Xle . . ><X [ , Xl e 0
-10 0 10 -10 0 10 -10 0 10 -10 0 10
u, [cm/s]

M=

02/10-2015 DANCORE Young professionals day NI R;\S



Comparison

Upward Downward
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Bursting process

A Approximation to steady current for @ ppTTd
A Vertical jumpe Y 1T p Tt maybe even up t@ TT T
A Horizontal jump p o T

Re xf xF
5.3-10° 826 81
1.6+ 10° 2004 121
3.5.10° 4067 189
A Burstingperiod— v

I For the present tests the burstingeriodis between4.1 and
5.1
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Median particle position

A Tread the particle positions at a given phase value as
samples

A Determine median particle movement in the vertical and
horizontal direction for each time step

A Take the median displacement for each time increment
and reconstruct the median particle position
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Median particle position (smooth bed)
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