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The situation where dispersal of o1l has
just occurred: How are droplets
transported in non-breaking waves?
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Convection-Diffusion
Equation with Buoyancy
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*Numerical solution suffers from numerical dispersion
*Use Langrangian (particle tracking) approach
*Neglibible transverse velocity (v* = 0)
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Bouyant Velocity, wg

1
WBOCAPD d,C_

d

*Ap = density difference = p,, — p,
d = particle diameter
*C, = drag coefficient

WBTocApT, d7, Cd»l/
w, T <« p{, dT, C, 4
0<w, <0.15

Smaller or more dense vs. Larger or less dense



Non-dimensional Particle Tracking
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s *Updated particle positions due to
*Time (At)
*Velocity (u, w)
*Turbulent Diffusion ((2DAt)%)
*Randomness (R)
*Wave Steepness (€)

*(in z) buoyancy (wg)




Velocities from Stokes
Second Order Wave theory

2

u’ =H—gkekZ cos(kx*—at*)+ 3H erz"z cos2(kx*—0t*)

20 16
W =—gekZ sm(kx —ot )+ o g2k sm2(kX —ot )

20 16
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T T

*H = wave height
L. = wave length
*T = wave period
¢ =2m/T



Depth Z (m)
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05~  Velocity distribution beneath a progressive wave
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O1l Droplet Positions

Depth

Hornzontal Distance (Wavelengths)
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Monte Carlo Simulation

H
Wave steepness: & = T 0.05 and 0.1

Buoyancy Velocity:
W %
Wy = ?B =0.0 to 0.15

-
Dimensionless turbulent p — D = 0.1
diffusion coefficient: H?

-

600 particles and 500 simulations
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Effect of buoyancy on the vertical location of
the centroid, Zc for H/L=¢=0.1. Depth unit
IS wavelength
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whb=0.00
wh=0.02
wh=0.05
who=0.08
whb=0.10
whb=0.15

200 300 400 A00
Time {Wave Periods)

Lighter, larger
droplets near
surface
*Neutrally
bouyant or
smaller drop



Effect of buoyancy on the horizontal location
of the centroid, Xc for H/L= ¢ =0.1.
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surface

Lighter, larger
s experience higher
velocity
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. Effect of buoyancy on the dimensionless
DEVELOFPMENT. . . 2 —_ =
vertical variance, o, for H/L= ¢=0.1.
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b= smaller zone
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with lower
variance
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Effect of buoyancy on the
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For the same size distribution, light oils
moves faster but spread less than heavy oils.
In fairly general conditions, the oil droplets
become well mixed in the top 5 meters of the
water column within 15 to 20 minutes.

A novel dimensionless formulation to
generalize the results to any o1l was
introduced.
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