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The Effect of Coagulation for Dispersion Modelling of Spilled Oil
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ABSTRACT: The dispersion of surface oil is generally described as a break-up of oil slick into small oil droplets. These

small droplets are subjected to turbulence and vertical circulation so that it can be entrained into subsurface. Sometimes, they

tend to be submerged into sea bottom permanently.

The diameter of oil droplets is a critical parameter to determine their

behavioral characteristics under water surface. At the same time, the variations of droplet stability depends on the weathering
of it. That is why the weathered oil has different mechanism from the unweathered one. The variability of physical properties

of oil including viscosity and density contribute to interfere with effective separation of oil and emulsion droplets in water.

Also, in the presence of interactions among the droplets, there are coalescing or coagulating effects on the dispersion process

of droplets.
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Fig. 1 A schematic diagram for the formation of stable and
unstable emulsion and dispersion of spilled oil at sea
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Table 1 Approximate values of changes in density g/om’® and
kinematic viscosity ¢St of a selected fuel oil and seawater as a
function of temperature

Water Foel oil Ratio (oil/water)

Tenmperatire () - . _
kinerrati kinemat kinemat

sty dmy o dmy

viscosity viscosity viscosity

10 1.024 131 0.880 5000 0867 38168
30 1.020 0.81 0.870 900 0858 1,111.1
50 1.012 0.57 0.855 200 0.845 3509
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Fig. 2 A schematic diagram of dispersion process (after Mackay

et al., 1980)

Table 2 Various turbulence sources and their turbulence energy

dEd-

Turbulence sources Turbulence energy (I m™3s)
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estuary 10 ~1
surface layer 1 ~ 10
breaking wave 100~ 10*
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Fig. 3 Oil droplet rise speed vs droplet size for freshly spilled oil
and weathered Arabian heavy oil (Farmer and Li, 1994)
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Fig. 5 An illustration of the streamlines of Langmuir cells
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Table 4 Experimental conditions for oil dispersion by Langmuir

circulation
Droplet

¢ Small Droplet Large Droplet
Items
Diameter of oil droplet 35 gm 1 mm
Buoyant rise speed 5X 107° mysec 0.0375 mysec
Maximum downwelli

. welng 0.05 mysec

velocity
Dimension of cells 10m X 10m
Eddy diffusivity 0.005 m’sec 0.0188 m’/sec
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Fig. 7 Dispersion of small oil droplets in (a) 50 time steps and
(b) 100 time steps
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Fig. 8 Dispersion of large oil droplets in (a) 50 time steps and
(b) 100 time steps
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Table 5 Numerical experiment condition for simulation of
collision frequency function (1 pm=<d;<1,000 zm)

. . T G Po Pw Vw
Oil droplet size . 4
(C) (sec™) (gem®) (g/em®) (cSP)
for small droplet
10 10 0.880 1.024 131

(d=10 pm)
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Fig. 11 Droplet size distribution by Brownian-induced and shear-
induced coagulation
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