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A NEW TECHNOLOGY TO COMBAT OIL SPILLS ON
WATER SURFACE USING A RIBBED-GROOVED DISC SKIMMER
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ABSTRACT

In offshore o1l spills a thin cil laver has to be skinmed off from the sea surface.
A mechanism for cleanup of oil spill from water surface was developed using a ribbed-
grooved rofating disc. The effect of various compound surface configurations of the
two opposite walls of the considered ribbed-groaved disc on the il recovery
performance was investigated for various disc rotational speed. Tests have heen caried
out for recovering fresh oil spill as well as weathered oil spill. Generally this clean up
operation has to be carried out i sea water with different conditions, so the oil
recovery performance of the considered rotating nbbed-grooved dises was studied for
calm water surface and also in the presence of various wind speeds and water surface
waves. The results show that the o1l recovery performance of the nbbed-grooved disc
is the highest in ecompanson to the other considered rotatmg discs. The nbs and
grooves on  the opposite walls of the rotating disc enhances the il recovery rate by 2-
2.5 umes of the original flat rotanng disc. The results also emphasized that a good oil
recovery rate can be achieved even in rough meteorological conditions.
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1. INTRODUCTION

Petroleum hydrocarbons enter marine environments i a variety of ways
including natwral ones, offshore production, marine transportation, atmosphere, and
land-based ones. This have increased the risk of oil pollution of seawater and coastal
areas. Just less that half of all manne oil pollution 1s associated with tansportation
activiies. Glourlay [1] stated that there had been 186 tanker accidents involving 1360
tons or more of oil spilled between 1970 and 1985 Since 1987, there has been an
imcreasing end in tanker accidents with about 178,000 tones of 01l spilled in 1988.
So, global o1l pollution 1s expected to be a problem for the next several decades.
When oils are spilled on the sea their physical and chemical properties change rapidly
due to sweathering. The changes in physical properties of o1l will influence the
behavior and the recovery of the oil spills. The rate and extent of the changes in
chemical and physical properttes of the spilled o1l caused by weathering will depend
on the chemical composition of the oil and prevailing conditions such as temperature,
wind speed and sea state [2].

Levine [3], stated that consideration must be given to both short and long term
adversely impacts from tlie selected oil recovery technigue. to ensure that the o1l spill
recovery effort does not do more damage than the o1l spill itseif. He also reported tﬁat
the o1l spll location, time of year, weather, size of spill highly affected the oil
recovery operation. In assessing the efficiency of various oil spill removing options,
two factors must considered: encounter rate and effectiveness.

In-site burning is one of the developing technique for rapid removal of large
quannties of spilled oil at sea and in ice infested waters. Recent work has
demonstrated the feasibility of these applicatons of im-site buming [4]. Through
experiments carried out in recent years, it became clear that burning of a crude o1l spill
requires a large spill thickness, other factors affect the success of this technique
including the properties of the o1l at the time of ignition and meteorotogical condifions.
However, igniting the otl spills contributes to the increase in greenhouse gases causing

another environmental damage such as air pollufion and acidic rains [5].
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the use of chemical dispersants to clean up the o1l spills in many environments
1s controversial. A dispersant response aims to take the ol spifl off the sea surface into
the water column in the form of small droplets, less than 70 um in diamerer, [6]. In
addition, natural biodecradation of the oil droplets in the water column will take place
over time. This fact has the disadvaniage that oil spill thickness will be relatively
small, so large amounts of disperasnts are required during the dispersant spray
operaticn. Chemical disperasnts have heen used to increase the surface area of the oil
spil to attempt to speed oil decradation. However, the toxic properties of dispersants
as well as the il rthat 1s dispersed in the water column may simultaneously inhibit
degradation activity. So. dispersants use to remove the floating oil spill from the water
surface as quickly as possible and then dump it into the water column with a great risk
of toxicity which van cause more environmental damage especially to sensitive areas
near the coastline.

Alternanvely, mechanical techiuque of removing o1l spills generallv shows
reasonable encounter il recovery rutes and effectivencss without any damage or
harmful consequences o the fresh or sea water environment in short or long term. Also
with the mechamical technique oil spills can be recovered and reused again, Few
studies have shown that vortex skinimers can  be emploved to recover il spills, by
means of creating a vortex in the cenier nf'a collection chamber where the oil sathers
and can be pumped away owever, the ol recoverv efficiency is fauly low [7].

Vortex skimmers oil recovery efficiency nearly diminishes i the presence of currents
and waves as proved by [5]

To fulfill this rask, a systemune ol spill recovery program in which fluid
mechanics is employved was carried out by the author. Recently, a new and improved
design of an oil spill recovery model with a floating weir equipped with a rotating
cylinder was investizated i a calm water surface. [9]. The new desien oil recovery
operation and capabilities of remowving the oil spill from the water surface with
increasg efficiency was significantly enhanced by the use of a floating weir with a

rotating cylinder. El-Minshawy [10], has suggested a waves damper for damping and
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dissipating the waves action in front of an oil spill recovery system. The investigation
highlighted the importance and the great need for waves damper to be placed in front
of the oil recovery model to damp the wave height during the o1l recovery operation to
achieve a good oil recovery performance. In a recent mvestigatton, reported in {11], an
oil spill recovery system with a rotating corrugated disc has been developed. The
findings of this investigation indicated that the corrugadon superimposed on the
rotating disc surface improves the oil recovery rate for both fresh and weathered oil
spills.

The aim of the present work is to evaluate the oil recovery performance of the
rotating nbbed-grooved disc in a calm or rough meteorological sea conditions. For,
this purpose, five models of rotating disc skimmers were made with different geometry
and with a combination of ribs and grooves. The effect of varying the disc rotational
speed, oil viscosity and oil spill imtial thickness, wind speed and water surface wave
height on the performance of the considered ribbed-grooved rotating disc have been
investigated. The ol spill recovery performance of the already existed original flat
rotating disc for sunilar dimensions and test conditions as the nibbed-grooved disc was

also measured for comparison.

2. EXPERIMENTAL APPARATUS

To improve response technology to oil pollution, a standardized laboratory
procedure is needed to generate representative spill of fresh oil and weathered oil to
evaluate the performance of the considered mnbbed-grooved rotating disc as oil
removing technique. To simulate the recovery of the o1l spill from the water surface in
the sea filed, a water channel was built especially for that purpose. The apparatus used
in the experuments is shown schematically in Fig. |. The water channel used in the
experiments is an elliptic circuit track type, which has a rectangular cross section of
0.8 mx0.6 m and overall length of about 10 m. The water depth in the channel was 0.6

m. To simulate the various types of wind driven action, air flow was supplied
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tmgimﬁly' to the free water surtace by an mr blower fixed at the upper end of the
water channel. The air blower capables of delivering up to 0.125 m/s of air with a
maximurn air velocity of 20 knots (knot=0.514 nv/'s) abave the water free surface, The
water channel is also equipped with an electically dnven flap-type wave generator,
fixed at one side of the channel, capable of generating surface wave patterns . The
wave generator consists of a vanable speed flap which is driven by an electric motor
through an arrangement of an  cccentric disc. To abtaim a wave action with different
heights, the eccentric dise {5 provided with a sliding pin that can move through the
radial direction. So by changing the radial position of this pin, various flap speeds can
be obtained and consequently wave heights in the range of 5 cm 1o 20 cm were
senerated  1n front of the considered oil recovery svstem. The front side wall of the
water chanpel accommodates at its middle section with a glazing window to ease
direct visual chservanon study and to measure the waves heights with the aid of
vertical scale tap durmg the tests.

As the experimental technique rely on adheston of the spreading oul spill on the
water surface to the solid surface of the rotating disc during the upward rotation, the
objective of this study is to investgate the effect of compound nbs and grooves on the
rotating disc on the oil spil recovery rates. Five different models of discs machined
with various arrangement of surface ribs and grooves were tested in the present. work.
The discs were made from aluminum with 50 cm diameter and 1.5 em thick. In this
study, the ribs and grooves shape is nearly machined as rapezoidal. Two of the models
(1) and (2) are machined with 4 ribs and 4 grooves on each surface of the disc.
However, both discs have different b pitch (or groove pitch) to rib height (or groove
depth) rato (p/¢) and pitch to rib width (or groove width) ratie (p/t). For the first disc
model (p/e} and (p/t) are 14.3 and 7.1 respectively, and the second disc model has (p/e)
= 20 and (p/t) =10. Third model surface is provided by 8 nbs only with (p/e) = 20 and
(p/t) = 10. The founth model is enhanced by 8 grooves only with (p/e) and {p/t) equal
to 20 and 10 respectively. Finally, the [ifth already existing rotatng flat disc with the
same disc diameter is considered for comparison. Table 1 lists the dimensions and
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raduated vessel, 4- collecting channel, 5- pulley,

soved dise 8- ofl sciaper, 9- wave height meter, 10- glazing, window,
wave peneridor, 13- eceentric disc, 14- shding pin, 15- scraper blades.,

=

1. &

2~ mir conelui!,

1
|

=0} o
Py
D
Lo
e
-~
AT
=

rimental apparatus, i-ab blower,

"

Fig. 1 Expe

G- horizonlal rotaning sl

L= waler channel camer

AR s .j,.' .I:. \



Mansoura Engineeang Journal. (MEI), Vol. 24, No, 4, December 1999. M. 33

aspect ratio of all the disc models studied. Figure 2{a), 2(b), 2(c) and 2(d) show the
schematic of the cross section of all the investigated discs. The disc to be used was
mounted by four bolts between two flanges which are welded to arotating shaft

mounted horizontally

Table 1 Geometrical models dimension and aspect ratio for eacl rotating disc

[ Model No. | Surface Conditions | Diameter, min | p/e p/t i1 g
] Ribs-Grooves 500 14.3 7.1 8 3
F 2 Ribs-Grooves 300 20 L0 3 3
r 3 J Ribs only 500 20 10 3 -
‘ 4 | Grooves only 500 20 10 - 8
E 3 Flat Surface 500 - - -
o )
0/2 " 2o ——I

N Y,

(B}

]

(c)

()
Fig. 2 Schematic of the cross section of : {a) ribbed-grooved disc, (b) ribbed disc,
{¢) grooved disc and (d) Flat disc
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on two ball bearings. The disc is driven by a 1.5 KW variable speed electric motor,
which 1s provided by a CDS inverter speed controller with a full digital control. The
position of motor was arranged to ransmit the motion to the honzontal rotating shaft
and consequently to the disc through two pulleys and V-belt. The disc rotational speed
was measured by a digital speedometer which gives the revolution per minute directly.
As the considered discs are rotated in the vertical plane through the o1l water interface,
the o1l adheres to the surfaces and is then removed using two scraper blades. The
scraper blades which have exactly the same shape as the disc outer surface, (see details
A) m Fig. 1, are fitted firmly in each side of the rotating disc. This scraper blade
arrangement enables the adhering oil to be removed completely from the whole surface
of the disc. Recovered oil was then drain down to the collecting channel from which it

flows into an oil graduated vessel for the oil recovery rate measurement.

3. RESULTS AN DISCUSSION

3.1. The Effect of the Rotating Dise Geometrical Surface Configuration

Figure (3) shows the fresh oil recovery rates (Q,) for the five investigated
rotating disc models, nbbed-grooved surface with (p/e=14.3. p/t=7.1), nbbed-grooved
swface with {p/e=20, p/t=10), nbbed surface only with (p/e=20, p/t=10), grooved
swface only with (p/e= 20, p/t=10) and rotating {lat disc over a range of disc rotational
speeds. A fresh o1l spill with viscosity of 210 ¢St is employed. The results indicate that
the o1l recovery rate enhancement for the ribbed-grooved rotating disc 15 higher than
that for the ribbed or grooved rotating disc at siznilar (p/e) and (p/t). The oil recovery
rate increases with an increase of the ribs or grooves height as well as their width. The
ribbed-grooved rotating disc with (p/e=14.5, p/t=7.1) (model 1) provides the highest
oil recovery rates augmentation. The nbbed-grooved disc with (p/e=14.3, p/=7.1)
provides 2-2.5 times the oil recovery rates of the already existing rotating flat disc at

simiuar disc diameter. This seems to be due to that viscous drag of the oil adheres to
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the disc agamnst the gravity as well as the disc effective area for the nbbed-urooved
wall is ligher than those of the only nbbed or grooved wall and subsequently higher

than the flat wall.

D)
o) e Mol (1)
52 / ey -~ Model (2)
35 9 =+ =y —— Miodel (3)
5= et~ — “— Model (4)
LT s et o Mokl (5)
© 9
0 30 %0 120

Disc speed, (r.p.m.)
Fig. 3 Vanaton of fresh o1l spill recovery rate at different disc rotational speed for the
five models presented in table 1.
3.2 The Effect of Fresh Qil Spill Viscosity on the Ribbed-Grooved Disc

Performance:

The variation in the fresh oil recovery rate for different o1l viscosity (s shown in
Fig. {4). Tests has been performed using the rotating nbbed-grooved disc model (1),
with (p/e=14.3, p/=7.1). In this fOgure fresh oil spill with zero elapsed time was

employed, otl which immediately recovered after being placed on the water surface.

s
(&

= 2t i

=2E 9} AT il viscosity= 40 cSt

z E P —a— Ol viscosity= 210 ¢St
3 6f / e S —— Ol viscosity= 460 o5t |
3

0 30 60 80 120
Disc speed, (r.p.m.)

Fig. 4. The effect of fresh o1l spill viscosity on the o1l recovery rate at different disc
rotational speed.
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Tests been carried out at different disc rotational speeds. These curves indicate thar the
oil recovery rate increases by increasing the fresh oil viscosity. Also oil recovery rate
mcreases by increasing the disc rotational speed. it can also be seen that the optimum
oil recovery rate for the light o1l viscosity (40 ¢St} is at about 30 r.p.m., this optimum
peak occurs at a higher rotational speed as the oi viscosity increases. One fact 1s
obvious, the more the viscous the oil, the slowly the fresh oil spreading resulting in a
thicker final stabilized o1l spill thickness and so highly tmprove the oil recoverv rate.
This is beside, fresh oil with high viscosity adheres readily to the solid surface of the

disc during the upward rotation through the oil-water mterface.

3.3 The Effect of Weathered Oil Spill Elapsed Time on the Ribbed-Grooved Disc
Performance :

This section describes and discusses the experimental results of the weathered
ol spilis recovery from the water surface using the considered ribbed-grooved rotating
disc. In order to obtain weathered ol charactenzation, oil layers were placed on the
water free surface for different period of time in ambient air temperature in the
laboratorv. Weathering would occur as the continuation of o1l spill exposure to the
atrmosphere in the presence of sea water and other meteorological factors. Figure (3)
shows the subsequent degrees of the rate of weathered oll recovery as a function of the
elapsed time after the o1l being placed on water surface. The curves illustrate that the

weathered o1l recovery rate increases at first by increasing the elapsed time with oil

18
g
E. Fl2r —— Weatherted 011=48 hrs
32 | 8 Weathsrted o1l=72 hrs
3= —a— Weatherted 0il=168 hrs
2= or : '
Z

0 [ 1 | F

0 30 &0 90 120

Disc speed, (r.p.m.)

Fig. 5 Vanation of recovery rate for weathered oil at various elapsed tme.
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being kept on the water surface for up to 48 hours unni the maximun value of the oil
recovery rate is reached. Then increasing the elapsed time causes a decrease in the oil
recovery rate. The curves also indicate that for this particuiar weathered oil, still a
bigher recovery rates can be obtalned in comparison to those results of the original
tresh otl spall.

The reasons for that behavior of the weathered oil recovery results can be
explained as follow:
As the o1l spreads over the water surface, it is exposed to the ambient meteorological
conditons and rapidly evaporates during the initial period of weathering as confirmed
in refs. [12]. This evaporation loss was reported to be about 25 % in 24 hours [13] and
reached about 30-35 % mn 48 hours [12]. This evaporanon loss is associated with a
complete loss of the volatile light components in the oil which have a low molecular
weight, The o1l recovery rate increases for the weathered oil 1n the early 48 hours.
Consequently and as a result of the early rapid evaporation, the viscosity of the oil
spill gradually increases during the same perniod of elapsed time. These remarkable
ncreases in the weathered o1l wviscosity cause the adhesion between the otl spill and
the rotanng ribbed-grooved disc to be lughly increased and consequently increasing the
o1l recovery rate dunng the early 48 hours of elapsed nme. The rapid o1l evaporation 1s
followed by a gradual increases of the water content absorbed sharply in the remaining
oil as the elapsed time increases aud these are laboratory confimed and in the sea field
experiments, refs. [14, 15]. Due to the increase of the water content in the spilled oil
the specific gravity of the remaining o1l increases as elapses time increases and so the

oll recovery tate decreases and the water recovered with the recovered o1l increases.
3.4 The Effect of Oil Spill Thickness on the Ribbed-Grooved Disc'Performance
Figure (6) shows the variation of fresh oil spill recovery rate for the first model

of rbbed -grooved rotating disc in the present investigation at different oil spill initial

thickness compared with Elminshawy’s data [11] for the corrugated rotating disc with
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sitnilar disc diameter. The disc rotational spéed was kept fixed at 60 r.p.m. and fresh
oil spill with 210 ¢St viscosity was employed. The figure umplies that the current
ribbed-grooved disc 1s clearly the best in oil recovery rate compared with those results
of the original flat disc as well as the corrugated disc, considering the same disc
diameter and rotating speed. The figure indicates that the oil recovery rate when
ribbed-grooved model is used is higher, by as much as 2.3-3.4 times and 2.8-3.8 times

those results of o1l recovery rates of the corrugated and flat rotating disc respectively.

fa—
wn

<
L

—— Model (1)
—a— El-minshawy [11]]
—— Flat disc

(L./min)

Oil recovery rate,

Qil spill thickness, (mm)

Fig. 6 The effect of o1l spill thickness on the fresh oil spill recovery rate.
3.3 The Effect of Wind on the Ribbed-Grooved Rotating Disc Performance

In considering the behavior of the considered disc skimmer under the full range
of sea conditions that might be encountered during the oil spill recovery , the most
important parameter is the wind action (direction and speed). In open sea , the waves
action is also important and will be considered in the next section. In the present work,
counter cwTrent winds are considered as it 1s known that counter current winds tends to
cary ol towards the oil recovery system and to increase the oil spill thickness. Figure
(7) gives the oil recovery rate for four wind speeds as well as calm air using fresh oil
spill. Fresh oil spill is employed in this set of tests with ol viscosity 210 ¢St. Tests
were carmied out at various wind speed namely, 0 knots (calm air), 3-10 knots (gentle

to moderate) and finally 20 knots (strong). These curves indicate that the oil recovery
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rate increases by increasing the wind speed till wind speed = 10 knots. However, at

strong wind speed 20 knots, the o1l recovery rate markedly decreases.

Z s
3 12
g 9
~ 6
?
2 3
=
3
Zoo
=

—— calm air

-#- Wind speed = 3 kn

—— Wind speed =5 kn

—— Wind speed = 10 kn
- —=— Wind speed = 20 knu

30 60 o0

Disc speed, (r.p.m.)

120

Fig. 7 The effect of wind speed on fresh oil spill recovery rate.

Figure (8) shows how the oil recovery rate vary as a function of ribbed-grooved disc

rotational speed for weathered oil spill at different wind speeds ranging from 0-20

knots

Weathered oil spill with 72 hours elapsed tme was used in this tesis. Unlike

the previous figwre. the obtained data revealed that for this particular type of weathered

oil spill, the recovery rate increases continucusly with the increase of the wind speed

for all the range of the studied wind speeds.

(L/min)

Qil recovery rate,

20
15
10

—— Calm air
—a— Wind speed =3 kn -
—— Wind speed = 5 kn

—— Wind speed = 10 kn
—— Wind speed = 20 knl

90

Disc speed, (r.p.m.)

120

Fig. 8 The effect of wind speed on weathered oil recovery

The explanation for the above behavier of both fresh and weathered oil spill

recovery in the presence of wind action can be put as follow:
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Wind blowing over the water exents frictional forces on 1ts surface, and this friction
which tends to retard the wind near the water swface. In the presence of oil spil on the
top of water surface. this wind sets the oil spill in motion pnmarnly in the same
direction as the wind. Clarke [16], stated that, oil spill at the top of water surface
moves at speed of about 3-4 % of the surface wind speed. In considering the behavior
of fresh o1l spill and weathered o1l spill during the wind action tests, visualision study
were made, the finding were plotted in Fig. (9). From this study, at relatively low and
moderate value of wind speed , the general shape of the o1l spill becomes dynamic. An
illustration of these features is the jninaton of a surging mechanism that propagates
from the upstream region of the spill and pulses in a downstream direcnion towards the
oll recovery system area. As this surge moves towards the disc skimmer, the oil spil
thickness increases as its length reduces. So, oil spill can accumulate to a large
thickness in a colerent layer prior to the disc. The reverse pattern appears when the
wind speed increase to 20 knots for fresh oil recovery as the fresh oil spill starts to
reflects off the skummer and travels upstream in a disorder shape, The intensity of the

surging and behavior of otl spill in response to the wind action appear to depend on the

Wind duection

Toem——— I
i .
@ h ®  °

Fig. 9 Typical initial o1l spill behavior during the wind action (a) fresh on spill, (b)
weathered o1l spill
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wind speed and the oil viscostty. At winid speed 20 knets and unlike the fresh ol spill
recovery at that case, and due to it 15 lugh viscosity and the reraining of it is
consistency . the weathered oil spill tends to keep rmoving towards the disc svstem
without recirculation backward. and sall high ol rccovery rate can be obtained at

stwong wind sp_uee'd.

3.6 The Effect of Water Surface Waves on the Ribbed-Grooved Rotating Disc
Performance

Fipwe (100 shows the varaton of fresh as well as weathered oif spill recovery
rate for different surface wave leight to depth of water in the channel using ribbed-
grooved rotating dise with (pe=it > pit= T 1) The disc rotanonal speed is kept
coustant at 60 r.p.m. The results show. as expected, that the ou recovery rate decreases
with increasing the surface wave height to the depth of water. The figure also
lustrates that the recovery e are higher for weathered ol recovery than those for
fresh o1l recoverv. (il spill was skimmed off from the water surface successfuily at
low water surtice wave hercht however. large wave height results in difficulties as
waves contracts and reflects which causes the fresh oil spill to break and in this ease it

Is impossible.

o

: ' ~+— Weathered o1l spili
s Fresh oil spill

Ol recovery rate,
(1./min)

=

Wave heighv/Water depth

Fig. 10 The effect of wave height on fresh (or weathered) oil spill recovery rate.
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however, to recover pure oil only. Furthermore, weathered oil which is relatvely
higher in viscosity spreads slowly over the water surface and still reraiming a high
thickness during the recovery operaton even with the presence of waves action and so

sull a good o1l recovery rate can be obtained.

The wvanmadon of oil recovery rate experimental results are condensed and
summarized by fitting 1t to a comelation for each type of oil, the followingtwo
correlations descnibe the o1l recovery rate for both fresh and weathered oil in terms of
all the studied parameters. disc rotattonal speed, fresh o1l viscosity, oil spill initial
thickness, wind speed and wave height. The best correlattons which predict the o1l

recovery rate are as follow:

For fresh oll recovery:

Q“ = 0322 {Nﬂm Ln.( vﬂ“.’)) Sﬂ.ﬂgl Exp(“r().“)} ;,' {Ex_p{kﬂ4?lj} {l}
For weahered oil recovery:

Qu- = 4361 tNﬂ.—-l-.]-ﬁ ||I"|II'I.]t“.ihr i =LI1(T“'=”) Exp(kﬁs.ﬁ)} {2)

To confirm both comrelations, a companson between the experimentaily measured
results and the analytically predicted oil recovery rate is plotted in Fig. (11} for fresh
oil recovery and in Fig. (12) for weathered oil recovery, This comparison shows a
moderately validadon for both comelations within +15 % error from the measured

values.
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Qil recovery rate, (1./min)

Qil recovery rate, (L/min)

30

20
15

10

Lh

20
15
10
5
0 _ 4 P S
10 20 30 40 50 60
(N3 Lnn"*") $* Exp(w" )/ Exp(” ™)}
Fig. 11 Correlation for fresh o1l recovery.
0 2 4 6

{NU.'{W W 0.545} / {LH(T ®377 ) Exp(k 0.837 }}

"eN=10:90cpm. |
 y=40:460cSt
mS=2:7mm

AN=10:90rp.m.
w=0.5:10kn

¢ k=0.075.033

e N=10:9rpm,
T=48 :168 hr.

AN=10:9rpm,
w=0.3:20kn

¢ k=0075:033

Fig. 12 Correlation for weathered oil recovery.
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4. CONCLUSIONS

The outcomes of the experimental results suggests the following conclusions:
1. The oil recovery rate values using ribbed-grooved rotating disc are higher than
those of rotating disc with ribs or grooves only. The nbbed-grooved rotating disc
with (p/e=14.3, p/t=7.1) provides the highest oil recovery augmentation compared

to other studied models.

[

Results of the tests mials were very encouraging, in one typical example, 530 cm
nibbed-grooved rotating disc skimmer resulted in an average recovery of 10 V/min.
of oil from a water surface area of 2.7 m’. This amount could easily have been
increased, perhaps by using a multiple nbbed-grooved rotating discs.

3. For similar rotating disc diameter, the nbbed-grooved disc enhances the oil
recovery rate by about 2-2.3 tmes the values of the already exasted classical flat
rotanng disc,

4. It 1s noteworthy that the research and development represented by this work
indicate that the ribbed-grooved dise skimmer mechanism is practical for removing
significant amounts of realized o1l spill without waste disposal.

5. The optumum performance of the nbbed-grooved disc skimmer is reiaied to the
properties of the oil being spilled, and particularly to its viscosity. Other factors
affecung the performance of the disc skimmer include the elapsed time through
which the fresh o1l has converted to weathered oil.

6. Ribbed-grooved rotaung disc operates effectively in the presence of low wrd

moderate wind speed and ou recovery rate increases with the increasin: of wind

speed for both fresh and weathered oil. A continuous increase of the oil recovery
rate 1s obtained also in the presence of strong wind for weathered oil recovery,
lhowever the fresh oil spill tecircnlates and retlects off the skimming area in the

presence of strong wind and so the recovery rate is reduced.
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7. Qil spill was recovered from the wavy water surface successtully at moderate
surface waves, iarge waves results in breaking the oil spill and in this case it is
impossible to recover pure o1l only.

8. To facilitate the use of the results in future studies as well as 1n practcal
applications, two empirical correlanons have been developed for both fresh and

weathered oil recovery as a functon of all the studied parameters.
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NOMENCLATURE

D = disc diameter. (mum)

H surface wave height, (1nm)

N disc rotational speed. {r.p.m)

Q. = oil recovery rate in a certain penod of time, (liters/s)
S

\

g

n

= oul spiil inttial thickness, (mm}
= fresh oil spill kinemaric viscosity, (m/s)
= nb or groove pitelt, {mim)
= b or groove width, {mum)
= nib height, (mm)
= groove depth, (mun)
. = number of nibs
n, = number of grooves
p/e = 1ib pitch {or groove pitch) to rib height{or groove depth) ratio
p/t = rib pitch (or groove pitch) to b (or groove width) ratio

p
t
e
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