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PROBLEM STATEMENTPROBLEM STATEMENT
- Traditional oil spill models focus on 
large-scale transport

-The physics of waves and their effects on 
il d l t t di tl dd doil droplets are not directly addressed

The situation where dispersal of oil hasThe situation where dispersal of oil has 
just occurred:  How are droplets 
transported in non-breaking waves?p g



Oil Droplet Transport
NUMERICAL MODEL

Oil Droplet Transport 
Concept

Buoyancy and 
Dispersion

Wave Theory:  
water velocity Dispersionwater velocity

Movement of Oil Droplets

•Boufadel, Bechtel, and Weaver , Marine Pollution Bulletin, 
2006
B f d l D K k d W E i t l M d li &•Boufadel, Du, Kaku, and Weaver, Environmental Modeling & 

Software, 2006



Convection-DiffusionConvection Diffusion 
Equation with Buoyancy
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•Numerical solution suffers from numerical dispersionNumerical solution suffers from numerical dispersion
•Use Langrangian (particle tracking) approach
•Neglibible transverse velocity (v* = 0)



Bouyant Velocity wBBouyant Velocity, wB

B dw 1,,
d

B C
dw ,,

•Δρ = density difference = ρw – ρo
d i l di

 Cd

•d = particle diameter
•Cd = drag coefficient

 dB Cdw ,,

 doB Cdw ,,

15.00  Bw

Smaller or more dense  vs.  Larger or less dense



Non-dimensional Particle Tracking

tDRtuxx nn  21 

   tDRtwwzz Bnn  21 

•Updated particle positions due to 
•Time (Δt)
•Velocity (u w)Velocity (u, w)
•Turbulent Diffusion ((2DΔt)0.5)
•Randomness (R)
W St ( )•Wave Steepness (ε)

•(in z) buoyancy (wB)



Velocities from StokesVelocities from Stokes 
Second Order Wave theory
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•H = wave height
•L = wave length
•T = wave period
•σ = 2π/T



Velocity distribution beneath a progressive wavey p g



Oil Droplet Positions



M t C l Si l tiMonte Carlo Simulation
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Effect of buoyancy on the vertical location of 
the centroid Zc for H/L==0 1 Depth unitthe centroid, Zc for H/L==0.1.  Depth unit 
is wavelength 

•Lighter, larger 
droplets neardroplets near 
surface
•Neutrally 
bouyant or 
smaller drop



Effect of buoyancy on the horizontal location 
f h id X f H/L 0 1of the centroid, Xc for H/L= =0.1. 
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•Z = 0 at waterZ  0 at water 
surface
•Lighter, larger 
experience higherexperience higher 
velocity



Effect of buoyancy on the dimensionless 
vertical variance, z

2 for H/L= =0.1.

•Lighter, 
larger droplets g p
remain in 
smaller zone 
with lowerwith lower 
variance



Effect of buoyancy on theEffect of buoyancy on the 
dimensionless horizontal variance, x

2

for =0.1.
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•Lighter, larger 
droplets spread
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Dimensionless spreading coefficientsDimensionless spreading coefficients 
Ex as function of time for H/L 0.10.
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•Horizontal 
spreading 
coefficientscoefficients 
tend toward 
constant 

l D +value: D + 
drift



For the same size distribution, light oils 
moves faster but spread less than heavy oils

CONCLUSIONS
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 p
water column within 15 to 20 minutes.
A novel dimensionless formulation to 

li h l ilgeneralize the results to any oil was 
introduced.
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