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Abstract

Oleophilic skimming is a primary alternative when addressing oil spill accidents. However, the existing literature does not
define accurately the optimum design and operating conditions of the oleophilic skimmer. In this research, an extensive CFD
investigation was conducted on the performance of the drum skimmer. Seven parameters were tested, namely drum diameter,
drum centre height, oil slick thickness, rotational speed, oil density, oil viscosity and oil surface tension. The simulations
were performed by applying the volume of fluid technique using the OpenFOAM package. The two-dimensional numerical
setup was tested for grid size, domain extension and time-step convergence, and the results were validated with experimental
data from the literature. The skimmer performance was evaluated through the oil recovery rate and water ingestion rate.
The study illustrated that the oleophilic drum skimmer best functions at rotational speed within 30-60 rpm, drum diameter
within 200-300 mm, drum centre-height-to-diameter ratio within 0.3-0.4, oil slick thickness > 15 mm and oil viscosity

within 10-100 cSt.
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1 Introduction

The persistent improvement of tanker safety standards and
regulations have led to a great reduction in the amount of
oil spilled in marine accidents [27]. However, human failure,
equipment defects and unfavourable weather can never be
excluded [9]. Major oil spills like the 2010 BP Deepwater
Horizon oil spill in the Gulf of Mexico are still possible,
and if happen can cause huge economic loss [22] and envi-
ronmental damage that last for decades [14]. A wide set of
oil spill removal approaches are available. Each approach
is suitable for a particular case. Chemical dispersants and
burning can cause deep environmental impacts. Moreover,
chemical dispersion is not an adequate option in sub-zero
temperature waters since bacterial degradation is completely
suppressed [6, 38]. Physical skimming is the most environ-
mentally friendly method, despite the high cost of construc-
tion and difficulty of application [45]. The oil recovery
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performance of oleophilic sorbent skimmers, e.g. rotating
drums and conveyor belts, is negatively affected by wind and
waves [11, 38]. Nevertheless, creative designs can overcome
the environmental effects [3]. For a comparison between the
characteristics of the different types of physical skimmers,
the reader is referred to [3, 21]. In many instances, more than
one strategy is deployed to remove the oil slack [38]. Appar-
ently, research and development are carried on to improve
the performance of oil removal techniques and facilitate their
implementation.

Amongst all categories of physical skimmers, the oleo-
philic skimmers can recover oil in a spill accident with the
least percentage of loss [25]. The performance of an oleo-
philic skimmer, i.e. the oil recovery rate, is a function of
oil physical properties, oil slick thickness and height, and
skimmer geometry, rotational speed and surface structure
and material [8]. The oil recovery rate increases as the oil
viscosity increases, slick thickness increases or rotational
speed increases [31].

Many improvements were applied to the sorbent surface
to upgrade its oil removal capacity. Broje and Keller [7]
developed and tested a grooved pattern of the recovery sur-
face of the drum skimmer and the matching scraper. The
enhanced design proved to increase the efficiency to three
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times its value with the plain drum surface. The grooved
drum skimmer works in a similar manner to the multiple
disc skimmer and retains comparable amount of oil [36].
Broje and Keller [8] also compared the effect of three surface
materials, namely aluminium, polyethylene and neoprene on
the performance of oleophilic skimmers. They highlighted a
pronounced role played by the surface material, essentially
with thin slick thicknesses. The effect was attributed to the
amount of water entrained by each material. Recently, Khalil
et al [31] varnished the drum surface with a water-repelling
nano-ceramics coating. They recorded a 21.5% increase in
the oil recovery rate. Similarly, El-Gayar et al [16] compared
steel, plastic and woven fabric as materials for the rotat-
ing disc skimmer and Algawai and Dawood [4] examined
synthetic rubber, polyvinyl chloride and polypropylene as
belt skimmer oleophilic materials. Sabbar et al [41] intro-
duced a drum of fibreglass structure and four-layer painting
of polyester resin material. Khalil et al [33] checked whether
the pyramid-shaped surface roughness can improve the per-
formance of the belt skimmer. It can be concluded that the
smoother the sorbent surface is, the more oil is collected by
the skimmer. Ultimately, an ideal zero-roughness surface
would achieve the maximum possible oil recovery rate.

Computational Fluid Dynamics (CFD), although being
the most powerful flow simulation tool, was seldom
employed to model the oil removal problem. Abu-Amro and
co-authors [2, 10, 12, 13] simulated the working principle
of an innovative system for oil skimming vessels. Also, the
hydrodynamics of the vacuum skimmer was simulated by
Ni et al [39]. The operation of an oleophilic skimmer can be
approximated by a simple mathematical model [20]. Never-
theless, the model overrides many details including the fact
that the oil layer adheres to the rotating skimmer before dip-
ping in water not after leaving it [31]. A rigorous simulation
framework of the case is inevitable since experimenting the
skimming process under realistic conditions is not available
for most researchers. For instance, a small test tank exag-
gerates the amount of oil collected by the skimmer [23].
Meanwhile, a full-scale tank consumes large quantities of
oil and seawater [7]. In addition, bearing in mind the high
sensitivity of oil viscosity to temperature, the variation of
ambient conditions along day hours makes the control of
experimental precision challenging.

The oleophilic skimming is a special case of the drag-
out problem which is the basis of the dip-coating industrial
process. The process is still a hot spot for research. The
recent areas of study include coating a substrate with a
suspension of spherical particles [40], the effect of sub-
strate surface porosity on the entrainment process [42],
the characteristics of the liquid sheet ejected by a rotating
disc substrate under conditions of high inertia [29], the
drag-out of non-Newtonian fluids [43, 46] and deriving
formulae to predict the flux of coating liquid on non-flat,

e.g. circular, substrate [47]. The drag-out problem has
been extensively modelled in the literature in its linear
[19, 46] and rotational [37] versions. However, very few,
if any, publications considered simulating the multi-fluid
oleophilic skimming process.

Whilst, oleophilic skimmers are always considered when
handling accidental oil spills, yet their outcome is unpredict-
able in many circumstances. Besides, the optimum dimen-
sional and operational parameters of the oleophilic skimmer
are not well established. Computational simulations under
a wide scope of running conditions would particularly fulfil
this purpose. The target of this research is to build a reliable
computational scheme to simulate the oleophilic skimming
process. The rest of this article is organized as follows: Sect.
details the numerical method and the case studies, Sect. 3
illustrates the results, discusses the skimming process and
compares the findings with the literature, and finally Sect. 4
lists the conclusions of the research and gives recommenda-
tions for future work.

2 Methods

A two-dimensional model was developed to simulate the
process of oil recovery by the drum skimmer. This section
details the aspects of the considered geometrical model,
numerical technique and ranges of parameters.

2.1 Geometry

The geometry of the drum skimmer under investigating is
displayed in Fig. 1. The model was designed to emulate
realistic site conditions. It comprised a drum that was par-
tially immersed in liquid and rotated clockwise. The drum
removed oil from water surface and transferred it to the
scraper, over which oil slid till exiting the domain through
the right boundary. The scraper was very close to the drum
surface to ensure retaining 100% of the skimmed oil. The
side walls of the water pool were periodic (cyclic) bounda-
ries, which means the flow crossing one wall re-entered the
domain through the other wall. This approaches the actual
skimming situation, where the oil moves in the form of sur-
face currents from the drum emerging side to its dipping
side where it sticks to the drum surface [23, 31]. In practice,
a drum skimmer set involves side brushes to retain the oil
that may slip over the drum sides. This was not a concern in
the present two-dimensional analysis, since the oil had no
opportunity to move in the axial direction. Hence, all the
collected oils passed to the scraper and considered in the
analysis. Thus, the amount of oil calculated by the simula-
tion approximated that measured in reality.
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Fig. 1 The drum skimmer
model examined

Table 1 Properties of oil, water and air at the simulation conditions

Fluid Density (kg/m?) Kinematic vis-  Surface
cosity (cSt) tension
(mN/m)
Crude oil 923 99.675 31
Seawater 1026 1.189 74.08
Air 1.2257 14.657

2.2 Fluid properties

The water, slick and atmosphere were assigned the proper-
ties of seawater, Endicott crude oil and standard air, respec-
tively. The operating conditions considered were 1.013 bar
atmospheric pressure and 15 °C temperature, at which oil
properties are easy to obtain from the literature. The hydro-
dynamic properties of the three fluids are listed in table 1 as
excluded from [8, 17, 26]. The oil/water interfacial tension
coefficient determines the interfacial force between oil and
water. The value considered here was 25.8 mN/m [17].

2.3 Mathematical model

The skimming process was simulated by applying the
Navier—Stokes Equations to the studied domain considering
the three fluids involved, namely oil, water and air. The flow
was assumed to be viscous and incompressible [18]. The
volume of fluid (VOF) technique was utilised to solve the
present multiphase flow problem, since the oil surface was
of concern. Unlike the Eulerian model, VOF model analyses
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all phases using a unique mixture equation for each transport
phenomenon. The mixture mass and the momentum conser-
vation equations were defined as

V.-V=0, 4))

p[‘;—‘t/ ¥ (T/'- V)T/’] = —Vp+ g+ uViV +71,, )

with V is the mixture velocity field, ¢ is the time, p is the
pressure, p is the density, g is the gravitational accelera-
tion vector, 4 is the dynamic viscosity, and £ is the surface
tension force. For any pair of immiscible fluids i — j, the
phase distribution is generated by the interface advection
equation, i.e.

%% Y Ve, =0

o5 TVove=o 3)
where a; is the volume fraction of phase i in a computational
cell; @; = 1 means that the cell is entirely occupied with
phase i, and @; = 0 means the cell is free of phase i. For any
three phase system, e.g. oil-water—air, Z?zl a; = 1. Equation
(3) is solved once per phase pair. The mixture properties,
p and p, at one cell depend on the phases fractions at that
cell, namely

3
p= Z ap; 4
i=1
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H= Z aif;. )
i=1

The surface tension force is the summation of the interfacial
forces between all phase pairs [44], viz.,

fo = oj;(aVa; — a;Va;), ©)
for any i — j phase pair, where o;; is the coefficient of surface
tension between the two fluids i and j, and K;j is the interface

curvature between the two phases. The interface curvature is
defined by a pair-averaged gradient of the phase fraction as,

aVa;, —a;Va;

oy T T
" | Va; — ;Va | @

2.4 Numerical algorithm

The CFD simulations were performed using the open source
package OpenFOAM (v19.12). The volume of fluid tech-
nique implemented by OpenFOAM is discussed and evalu-
ated in [15]. The multiphaseInterFoam solver was utilised.
The pressure—velocity coupling was accomplished by PIM-
PLE algorithm. For discretisation, the Euler scheme (first
order, bounded, implicit) was used for the time derivative
(0/0at), the Gauss linear scheme was used for the gradient
operator (V), the Gauss upwind and Gauss vanLeer schemes
were used for the divergence operator (V-) and the Gauss
linear corrected scheme was used for the Laplacian operator
(V2). The time step was dynamic and the Courant number
was set not to exceed 0.1 [28] which is a more conservative
than typical values [1, 24].

2.5 Boundary conditions
In the experimental tests, oil level is kept constant by per-
sistently compensating for the skimmed volume [31]. In

the numerical analysis, applying a constant-level boundary
condition may cause stability issues [5]. Therefore, some

Fig.2 Defining the problem

authors tend to extend the domain and add a weir or obstacle
followed by a zero-gradient boundary condition [34]. In this
research, the domain was extended such that the skimming
process could undergo a period of quasi-steady state. This
reduced the complexity of the system and imitated the actual
situation. The ground of the reservoir as well as the solid
parts, i.e. drum and scraper were assigned no-slip condi-
tions. The free top boundaries were assigned a combination
of atmospheric-totalPressure condition for pressure, zero-
pressurelnletOutletVelocity for velocity and inletOutlet for
volume fraction. The domain boundaries were named as per
Fig. 2 and the conditions applied to each boundary are listed
in Table 2.

This research disregarded the effects of waves, currents
and winds on the skimming performance, as the focus was
on the practical zone of application of the drum skimmer.
Oleophilic skimmers are seldom used under severe envi-
ronmental conditions, where they collect more water than
oil. The reader is referred to [2, 3, 11] for examples of oil
recovery systems developed to work under rough sea condi-
tions. In the same context, the drum surface material and
roughness influence the amount of oil that sticks to the drum
[31-33]. The effects of the shape, pattern and mean height
of the roughness elements are far beyond the scope of the
present analyses.

Table 2 Summary of the conditions set at the problem boundaries

Boundary U p—pgh  ay Cyer ol
Inlet Cyclic

Outlet Cyclic

Bed [000] do/onf =0 6*=90° 9/on=0
Atmosphere d/on=0 p=0 0/on=0 a=0

Drum w? ofon=0  6790° d/on=0
Scraper [000] d/on=0  6790° d/on=0

+ Boundary-normal direction
* Contact angle

1 The linear velocity vector was calculated from the drum rotational
speed

Atmosphere

boundaries

Atmosphere

Scraper

Atmosphere

Drum

Bed
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From the literature [23, 31] and from practical observa-
tions, the currents of the oil on water surface in the skim-
ming process can be illustrated by Fig. 3. In the preliminary
tests of the current study, not shown here, the author investi-
gated the effect of the boundary condition on the simulation
of the skimming process. Applying the no-slip condition
to the side boundaries ended up with the oil piling at the
emerging side of the drum and washing the collected oil
layer off the drum surface, which led to reducing the mod-
elled oil recovery rate.

2.6 Mesh

The basic mesh was built using the blockMesh tool of the
OpenFOAM. Square 1x1 mm cells were utilised. Then the
solid parts, i.e. drum and scraper were inserted via the snap-
pyHexMesh tool. The snappyHexMesh tool was used for cut-
ting the background mesh, snipping the neighbour cells to
the solid surfaces and refining the near-wall regions. The
final mesh was too fine to illustrate, but its quality can be
perceived from the fine oil drops captured by the grid in

Emerging

Drum

Direction of rotation

Dipping

Fig.3 Currents of the oil on the water surface in a skimming process

Fig.4 A close-up view of the
mesh near the drum surface
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Figs. 1 and 4 due to the large number of cells simulating
each drop.

2.7 Test cases

The numerical experiment was designed to involve all
(seven) variables affecting the oil recovery rate according
to the literature. Each parameter was assigned at least four
values covering its practical range, with the other parameters
fixed at their base (default) values. The parameters investi-
gated and their values are listed in Table 3. The drum diame-
ter was varied by scaling up/down the flow domain, utilising
the OpenFOAM function transformPoints, whilst keeping
the drum centre height and oil slick thickness at their base
values. A total of 34 simulation cases were involved.

3 Results and discussion
3.1 Model validation
Before proceeding with the simulations, it was a must to

confirm the independence of the results from the numerical

Table 3 Values of the parameters tested

Parameter Values [base value]

1, 10, 50, [100], 500, 1000
750, 825, [923], 975

20,24, 27, [31]

15, 30, 45, [60], 75

150, 200, 250, [300], 350, 400
30, 60, [90], 120

5,10, 15, [25], 40

Oil kinematic viscosity (v, cSt)

0Oil density (p, kg/m?)

Oil surface tension (¢, mN/m) *
Drum rotational speed (N, rpm)
Drum diameter (d, mm)

Drum centre height (7, mm)

Oil slick thickness (¢, mm)

* Qil/seawater interfacial tension was calculated from Girifalco and
Good equation [35] assuming an interfacial interaction parameter ¢
of 0.83
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model applied. Solution convergence was assured per grid
resolution, time step and domain size. Five grids were exam-
ined in the mesh-dependency analysis. The meshes were
termed M8, M9, M10, M11 and M12 and comprised 8, 9,
10, 11 and 12 square cells per cm length. The comparison
was based on the change of the total oil volume with time,
assuming a one-metre length drum. This volume was calcu-
lated by applying the Integrate Variables filter of ParaView
to determine the volume-integral of fluid fraction through-
out the domain. The results of the five meshes are given in
Fig. 5. The figure approves the grid-independence of meshes
finer than M9, which validates the current 10 cells/cm mesh.

Comparison of the total number of grid cells and rela-
tive execution time of the meshes under investigation are
given in Fig. 6. Mesh M10 was assigned a 100-unit time,
and the execution time of the other meshes was computed
accordingly.

The time step, expressed by the Courant number, is very
crucial in multi-phase transient flow analysis. Five values
of Courant number were tested herein: C = 1.0, C = 0.5,
C =0.25,C =0.125 and C = 0.0625. The variation of the
domain oil volume with time for the cases is illustrated in
Fig. 7. The solution converged at Courant number C = 0.125
which ensures the fidelity of the time step assigned in the
present research, C = 0.1 [28].

A third check was conducted on convergence with domain
size. Three domain extensions were explored in this con-
text: 2d, 4d and 6d, resembling domain lengths of 75 + 60,
75 + 120 and 75 + 180 cm. Note that the entire length is
free of boundaries since the domain is cyclic. The adequate
parameter for comparison between these cases of differ-
ent volumes was the cumulative oil recovery rate (ORR,
LPM) per unit length of the drum. The results are plotted
in Fig. 8. The figure displays also the water ingestion rate
(WIR), which is an indicator of the skimmer efficiency. As
demonstrated by Fig. 8, ORR and WIR witnessed a period

0.006

0.005

=]
=)
=)
K

Qil volume (m?3)
= B
[}
(=}
(S}

o
=
S
0

0.001 H

Time (s)

Fig.5 Total oil volume change with time of the five studied meshes
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Mesh

Fig.6 The number of cells and relative execution time of the
inspected mesh sizes

of quasi-steady state. In the present analysis, the skimmer
ORR was denoted by the maximum ORR during the quasi-
steady period. The value of WIR at the corresponding time
was considered for further analysis. According to this defi-
nition, the 2d, 4d and 6d domains yielded ORRs of 63.8,
65.0 and 66.0 LPM and WIRs of 7.31, 6.89 and 6.8 LPM.
It was decided that a 4d-extension was appropriate for the
rest of the simulations. Figure 9 gives consecutive snapshots
from the skimming process. The next subsections discuss
the effect of the operational variables on the drum skimmer
performance.

3.2 Rotational speed

The skimmer performance varies with drum rotational speed
as per Fig. 10. The amount of oil recovered per minute was
proportional to the number of drum revolutions. The same
was true for the amount of water ingested. Beyond 45 rpm,

0.006
0.005 | N
2 0.004 o Tl
z S
- I« R
£ 0.003 .
S ce=1 [ e ]
S 0002 |--- C=05
— C=025
0.001 1 | —— c=0125
—s— C=00625
0 T T T T
0 20 40 60 80 100

Time (s)

Fig.7 Total oil volume change with time of the five Courant numbers
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ORR (LPM)

---6d

0 20 40 60 80 100
Time (s)

a ORR

WIR (LPM)

0 20 40 60 80 100
Time (s)

b WIR

Fig. 8 Domain size check; cumulative oil recovery and water ingestion rates versus time

WIR witnessed a drastic increase, which led to a decline in
value and rate of increase of ORR with rotational speed.
Thence, running the drum at higher speeds is less effective.

3.3 Fluid properties

The effects of oil properties, namely, viscosity, density
and surface tension are displayed in Figs. 11-13, respec-
tively. The viscosity determines the ability of oil to stick to
the drum surface, as well as water. Thin oils (v < 10 cSt)
could hardly stick to the drum surface, whereby heavy oils
(v > 100 cSt) absorbed substantial amounts of water. It is
recommended to employ oleophilic skimmers exclusively
within the range of oil viscosities of 10 to 100 cSt. Besides,
ORR reached a saturation state at high viscosities (v > 100
cSt).

Oil density measures the weight of the oil slick and the
buoyant force acting on it by water. As indicated in Fig. 12,
ORR declined when skimming denser oils. This was not
only because it was harder for the drum to carry heavier
oils. Other reasons were: 1) the increase of the amount of
the skimmed water, since its weight became comparable to
that of oil and 2) the loss of more oil to the pool in the
submergence period, because it got subjected to a weaker
buoyant force.

Neither oil surface tension nor oil/water interfacial ten-
sion affects ORR or WIR of the skimmer in the examined
ranges, as shown in Fig. 13. The capillary number (Uu /o)
in this analysis varied between 2.8 and 4.3, which is quite
larger than unity. The skimming process is, consequently,
dominated by drum traction (inertia force), gravitational
force and viscous force. The classical drag-out problem sug-
gests the oil flow rate to reach an asymptotic value under
these conditions [29, 30]. This result contradicts with the
findings of Hammoud and Khalil [23]. Most likely, this
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evolved in their experimental investigations from the tan-
gled relationship between the surface tension and the other
oil properties; neither could be changed separately. This is a
power point of the present simulation.

3.4 Geometry

By geometry, the author means the drum diameter, drum
centre height and oil slick thickness. These parameters influ-
ence the skimmer performance according to Figs. 14-16,
respectively. Linearity dominated the correlation between
ORR and drum diameter (Fig. 14). The analogy with the
ORR-rotational speed (N) relationship (Fig. 10) is evident
since both parameters influence the viscous shear velocity
(wdN /60) through a direct proportion. On the other hand,
WIR increased exponentially with drum diameter. The
amount of ingested water exacerbated with drum diameters
larger than 300 mm.

The impact of the drum centre height is complicated. As
the drum centre went further from the oil/water interface,
the oil submergence period became shorter. Hence, less of
the skimmed oil fell back to the pool, and less water was
ingested. On the other hand, the oil journey from the pool
to the scraper became longer. The resulting skimmer per-
formance (Fig. 15) reflects a fluctuation in ORR and WIR
with centre height. According to the figure, it is suggested
to operate the skimmer at centre height ratios (h/d) between
0.3 and 0.4 to accomplish high ORR with low WIR.

With regard to oil slick thickness (Fig. 16), ORR improves
and WIR declines by thickening the oil slick throughout the
studied range. Increasing oil slick thickness by booming is
very efficient in WIR reduction. According to Fig. 16, the
performance of the drum skimmer extremely degrades when
the slick thickness falls below 25 mm.
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Fig.9 Snapshots from the skim- " J
ming process |

it=40s

3.5 Non-dimensional analysis

The problem can be reformulated in a dimensionless form.
The drum rotational speed, geometry and fluid proper-
ties were expressed in terms of dimensionless oil recov-
ery rate (¢, = ORR/wd?), dimensionless water ingestion
rate (g,, = WIR/wd?), Reynolds number (Re = wd?/v),
Webber number (We = pw’d’/c), dimensionless centre
height (H = h/d) and dimensionless thickness (T = t/d).
The effect of the dimensionless parameters is illustrated in
Fig. 17. Notably, the dimensionless oil and water gathering
rates settle to constant values at high Webber numbers, i.e.
high inertia to surface tension force ratio.

jt:45s

3.6 Validation of the results

The results of the present analysis were validated with the
well-established experimental data of Broje and Keller [8],
see Fig. 18. The data reported by Broje and Keller were
acquired with a slightly larger drum (d = 356 mm), under a
higher ambient temperature (25 °C) and with two oils (Endi-
cott, p = 907 kg/m3 and v = 55 ¢St; HydroCal 300, p = 905
kg/m? and v = 179 cSt). Linear interpolations were applied
to account for the differences in the operating conditions
between the experimental and numerical sets of data. The
trends and values are in good agreement, which confirm the
reliability of the CFD results. The numerical simulation
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Fig. 17 Variation of the dimensionless ORR and WIR with the different parameters

assumed a perfect scraping process, which led to its results
slightly exceeding the experimental values, specially at high
speeds.

4 Conclusions

The oleophilic skimming, in spite of its wide use in oil spill
recovery, has no reliable general formulation of its perfor-
mance. The existing experimental literature lacks general-
ity and accuracy. The current research aimed to develop a
numerical methodology to model oil skimming by a drum.
The operational conditions were changed to cover the practi-
cal ranges of implementation. The results gave a thorough
insight into the influence of each operating parameter on the
drum performance. This can accurately guide the manufac-
turing and operating processes. In addition, the following
conclusions were drawn:
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Fig. 18 Validation of the simulation results (CFD) with data from the
literature (Exp.)

e The oil recovery rate varies linearly with rotational
speed and drum diameter. The percentage of ingested
water ratio increases tremendously (> 10 %) at rota-
tional speeds higher than 45 rpm and drum diameters
larger than 300 mm.

e The drum delivers its maximum amount of oil at drum
centre height ratios of 0.1 and 0.4, with the latter
ingesting the minimum amount of water.

e The oil slick thickness is recommended not to be less
than 25 mm to ensure a high rate of oil recovery and a
limited amount of ingested water.

e The drum skimmer performs best when collecting oils
of viscosities between 10 and 100 cSt. Heavier oils
gather excessive amounts of water, whereas lighter oils
do not stick to the drum.

e The increase in oil density drives a slight decline in
ORR due to the increase in gravitational force. By con-
trary, WIR increases as the density of oil approaches
that of water.

e Oil surface tension, in the studied range, does not alter
ORR or WIR.

One important feature of the aforementioned conclusions
is their applicability to the other types of oleophilic skim-
mers and dip-coating processes. Further research is needed
to predict the impact of sea disturbance on the drum skim-
mer performance and how to improve the performance
through surface modifications.
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