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Abstract

Generally we have difficulty in removing oil using mechanical devices because recovery
rate and recovery efficiency decrease remarkably when operating in thin oil films or in
oils of very high viscosity. In the present study a series of experiments were carried out
to study the effect of operating conditions on the rate of recovery for the spilled oil using
a drum type skimmer. For each set of experiments depth of immersion, oil film thickness
and the circumferential speeds were varied systematically to find the effects on the
recovery rate. The results shows that recovery rate is dependent on the contact angle for
the depth of immersion and the highest rate of oil recovery shows in the case of a
contact angle of 45°( #/d=10.15). For the removal of spilled oil the optimal circumferential
speed can be found as the critical value to reach the saturated recovery rate for a given
oil film thickness and depth of immersion. Even in thin oil thickness we have enough
recovery rate and recovery efficiency within critical circumferential speed this way.
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Table 1 Properties of experimental diesel oil.
Dynamic Kinematic . Surface
. X . . R Density )

Material viscosity viscosity (Ka/md) tension

(Pa.s) (m%/s) & (N/m)

Diesel” (30C) 1.975x107° 2.466x107° 801 2.84x10™
Water”™  (30T) 7.97x10™ 8.00x1077 996 7.30x107°

* Tested by Korea Machinery - Meter and Petrochemical Testing & Research Institute.
** Bolt,RE. and TuveG.L., 1973, "Handbook of Tables for Applied Engineering Science” CRC Press, Inc,

Cleveland.
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Fig. 2 Mass pickup rate of diesel oil vs circumferential speed for the depth

thickness 1 mm).
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thickness 1 mm).

=g Z7 2ozt 53 mme AF HANFEH d Aol oA7A olFHkr) AesE F3 A
ZFg wolx dudl, olw =¥ K571 F ol wg FAfFFY A7t A dehta g,
el HEZHLE 45°00 . 3 £[1997, 1998] £ dolrt e E FAFES AA HA
& HEA {3l B3 AFelA HEZol a3 S & JdeEd olv FEZe Hu
457 AS b 2 FEAFE Holn dsE olF&Ert ALFE FdHoR el
el e, o= o ZAist & dAstn (starvation)®] @¥o] Frlste Zez ofsfd
At o

Fig. 3& #9572 1 mmollA 2z old& % Fig. 45 =57 1 mmolA 770 Zold 3|
HAo Ao FAFFES FD Holdl w2t e FEES olFHEdd uwt YEhd Holt} o7



EYA RILI|Q URS 340 st Ay AF
100 T T T T T T T T T T
< \ =
< sl e AN g
3' .&-\ \%'
-5 &.\\&A A\
o 70| Depth of L A\\\ i
hq:) immersion \. " V\A A\\A\
b —8— 7mm V\ \
q>) 60 - —®— 24 mm n \K v N
Q —&— 36 mm v, A\ \
‘&3 \ A\A V.
x 50 —v¥— 53 mm ° N \ i
—A— 72mm 1
—v—108 mm \
40 ] . ! 1 1 R 1 . 1
200 400 600 800 1000 1200 1400 1600

Circumferential speed (mm/s)

Fig. 4 Recovery efficiency vs circumferential speed for the depth of immersion(slick thickness Tmm).

80 LI T v T T T T T T T
= Vv
£ gL | Dertnd KA v
o] immersion
i‘, —o— Tmm //
— —i— 24 mm A D
© 60} —A— 36mm /A/A A\A e
2 —¥— 53mm A
7] [ -2~ 72mm e
QL 5L |-v-108mm v Y~y 4
T .
u— L =
[=} *—9o o
2 ot v :
©
= L
s
g 30F -
Q
Q
a 20 | e
©
=

10 1 I 1 2 ' 1 " 1 " ! L 1

400 600 800 1000 1200 1400 1600

Circumferential speed (mmy/s)

Fig. 5 Mass pickup“ rate of diesel oil

thickness 2.5 mm).

H(%)E YEtdy, ST ag2 oFE&Ee St
of wel AHHoR ZHAEA
9} o] #z71 ZAolo wet v Adfe
HatA Hied, gAfe o

= &0 ZdeoldA i

=]
P
2
x

go] AA etz
9lee el 4 gtk = A7 Zo] 53 mmol
A Bgaee b 2A dedm e, 37

YA
2ol Tmmol A H4 FA Jertm i

vs circumferential

speed for the depth of immersion(slick

=) Fdwo] spgo[FoA 71Fe] FEH
o] #%& FHsA Hi v Aot FAF
FE olFstA Hed I Hold wet FAf
ZFo] A7t wAsA Hi, ¢5E X ABF
oAl A We| RFE Fo] FHUE Hoy =
Hel 2 Wol At 2 W 23 7159 &
F-7F Aol st EAA Hed F 4
o7t AeFE FF olFHE 7t FHolAA
a1 g olsHAE AL A H AFEs

_5’7,



T N
=~ lﬂﬂﬁ%wwwlé
- Ml ®WE T T g THWNME RN
. PrmAsgsewsy $e3v EXrIRUIERT
E M%%7%E:_urwmwu,l é.ﬂ.mbwﬁﬂo%%mwma_b%wuimmu#
T e oA NN _ R e
: PramTTR B ﬂ%aﬂ1q7mq@qmgw
o~ ﬂ‘_a & o ﬂﬂAJl ‘Llw..M XOw.c]_.NU "MUJO_H FLOtﬂor A~
.Luﬂ;dﬂraxoiln Mﬂ_#oue IL‘IA]‘M.JI Llo‘aozo
7 K g < o = T o R T ﬂ_v7 )
2 iy ouruqOTJ%Llr ,MT‘Emﬂ‘_ X ﬁoﬂ_.ov]
£ Sl - = SRR UL T N R -
© %ﬂgl%ﬂqs}%ﬂ& mﬂﬂﬂéﬂ7aﬂwﬂﬂ$%
£ Ed e |~ N ..mqbﬂbil%icr&oﬂﬂ oF
oim J%(_BLJ_A 3 %N ,Dlm.mﬂ] o ~ W AR
° % R T £ W wx 2 S o e o . B oo T W
—— & 2 pqua EfAg W 2#141%;wﬁ%¢@a%ﬂ
—— T T - R o~ L.ogﬂooaLMﬂ .W7 _ =) oR 9 o yl__/l o
g § zrgtEfrittes LIETRis sy
ﬁ > 18 N S DU S S S ﬂ¢oﬂ%lu
s \\\ - g %q%ﬁg_ﬂ%% wﬂq%qﬂ%ﬁﬂfiﬂq@%@g
£ I SR W o R g FR R T oty N B
¥ 0 g = R S ST Baw TN EmEI™ ) B3 0 0l
[ & T s oF _%momummﬁ@mqaeﬂe_h%m_u%ﬂiowro %mﬁﬂﬂ% i3
N u A \ = _.:\ O .Ar_ ]H‘WI% )A,mﬂ‘Ll owa ﬂ_u,lﬂrm
J \v o e m S ir&dﬂ .,o|ﬂoqiwo ; g,iﬂ._ﬂov7 _Eﬂ.o,mu.MLLI,wLo
k\\\\an 18z 2 wg%qe%%Wﬂgiﬂim% ERr St TR
- o . T o WT
\unm ;A4 22 =TT R W T W o e
[ S 18 = 5 W T M o ok
K o I A L _ Mo FTET D o
0 rS = TR T H T R O
&0 Y 2 g S oW NMATRRNK T T BE T, %0 B
R S E § RrpRREvIEENVIET T Mmoo
27 o 7 18 € a 0 5 o ﬂu7,m.1_mlu iﬁ.%ﬂ%i]oﬂ B o= o} ﬂ_.ao -
o= I/ O\ d 5 N K OW :_.L ] N \mﬂ S of.c .Q o - _.En e O#E O_E ﬂT T il
0 | / 2 5 T o) W e N e TR gy ok 5 E
40 M\ \D g © b= Jﬁﬂ_x%utimuwﬂMW]_ﬁATﬂl - o ,,.m,_ﬂq_mo_emw_,/ otﬂﬂmﬂﬂ
18 o) T ~n o o o =3 . o Ly B o+ B
et Mo W7au1ur‘_ = o feuliiy _o_udv]7 R 0 oy —_
o o Eggek & .ﬂn‘mﬂ.l., A T I o LOEQIJI\OILUE A 74%
VAR H c q&%ﬁ%MW%ﬁ%%ﬂ&%mw%@%ta% T5hs
S8 ¥ = R 5 = o L — oy RN i 9 o —
B .w.m,.FAw_VWW ) o N ‘,AIOWL._I_/ i) HTﬂﬂ = iL MﬂvA 0 LIHT_ — N
n‘n\n SEVITTT _ 2 ATEOTﬂﬂﬁHzﬂoﬂh%MﬂaTW%Lwﬂ%iﬂlnﬁin_a7HT ﬂwwwﬂm%ﬂ
& > %#%%Hmﬂlw%ﬂﬁ%q%QWEEﬁwm ﬁ%ﬂww
3 8 9 ® © m _zT\_Ioto#EMﬂ_&ﬁﬂm_uoﬂﬂniﬂﬂilﬂﬂ&ﬂAﬂlﬂoﬂﬂ}Mﬂ Qﬂ_‘_ﬂo\w‘lM.l
(0 oo ewomy 2 Frrhham rﬁmu?ﬁ% ol = 11 = ﬂﬂmw@u i <
Il = — ; I
i 5 ;%}Hyéﬁwﬁa%%a@ﬂa%ﬂgéeﬁ PNy
g AR gl N Tk L BT P TN
R ICHL S MR PEYEIET g YRRy
z o Ry ]o#}aﬂuogaﬂwzvﬂoﬂﬂmoﬂu:_q,ol,ondnATP g - o E
8 ﬂeﬂ._.im:ﬂcoﬂﬂ_ﬁvﬁﬂ&oﬂ‘_?%oﬂmadﬂo_a B Mo]\ra.ﬁ_me.&.ﬂo_u:_.
= 1_,/|1rhnpﬂ,r17rﬂa oF B e R or i e B ol H_W_HWAT AR R
© o™ me ﬂ_zﬁil%@rﬁﬂ% WET TS
£ cEaERELELNS

- 58 -



A RIFII9 LR 340l 26t Aes oA
65 — T /I/" T T T Ll
= [
£ 60 4 \ 4
D H *
< 55f / T A
= r A4
S s0f v Ty -
§ 45 ‘% \A/A\‘\A 5
L
< ol -
o Bl ././' o e ]
E o Circumferential j
30 |- umier 4
% —a— 301 mmis E
x 28F 2 e .
0 F —y— 867 mm/s 4
a 20 ——1017 mm/s _
% - )
| B -
g 15 - ./ \- -
10 1 1 L 1 1 1 1
0 20 40 60 80 100 120
Depth of immersion (mm)
Fig. 7 Mass pickup rate of diesel oil vs depth of immersion for the circumferential speed(slick
thickness 2.5 mm).
160 T T T T T T T T T T T T
= .
oy - -
5 140 . } iy,
= al /A
= 120} i
[<] | v/'%/A/ g>a_.
2 ok ,%;2/¥ . -
] -<Us=U—,
2 Lo
w80 -
(=) Depth of
9 . ﬁy immersion
® 2 —o— 7mm
i 60 [ —m— 24 mm a
o L —A— 36 mm
-53‘ 40 | —v—53mm i
o —A—72mm
Q F —7—108 mm
s J
[0]
=
o 1 n 1 1 1 1 1 2 1 n 1 n i
400 600 800 1000 1200 1400 1600 1800 2000

Circumferential speed (mm/s)

Fig. 8 Mass pickup rate of diesel oil vs circumferential speed for the depth of immersion(slick

thickness 5 mm).

u]-t:,;ﬂ7} 7]_?51— o“?— _/:E]—Tﬂ
a3t 771 Zolof w

A A7 o7t E54
A EY FEAREE TV
At old @ A4
x}oz\% X"Z_] éol(x‘j
e Aoz gAdw
Fig. 72 #%%7 25 mmolA oldL£xd o

o 2
Fo}
el
ol 8
SRS R

%
boll &3 g o] Sl

o
rx
o
Ny of

=
=

=
=

Agel PAFFL A7 Polo] W e A
o, 4714 = 0%%£1H£4 ﬂ%%E}
18 Ag B2 Aolo] ga

g A BA dBun Use nelm
o clgelAel 22k F YA

A~

]Ul L=

il

@%%ﬂ
Z7}9

At

ﬂ
2o
oy
I
2
)

IN
ik

o

1o 02 mlo

_59_



ok
ok
it}

0
ok
e

400 I v T

P L

£ 30 | pepthof

2 || immersion

=~ 300} [~ 7mm

© —B—24 mm

T [ | —4—36mm

@ 250 | —y—53mm

% L —A—72mm
u— 200 |- —v—108 mm

o

o L

=

© 150 |

o L

2

S 100f ﬁéﬁ%
n

50 |-
i
0 f +—
500 1000

l + Il
+

T T
1500 2000 2500

Circumferential speed (mmv/s)

Fig. 9 Mass pickup rate of diesel oil vs circumferential speed for the depth of immersion(slick
thickness 10 mm).

160 T T v T T T T T T
C o o) Cirx;um'al!mal
£ 140 —8—377 mmis .
2 . Dty i
= — el
B 120} e - e
—"-u,’ g/ v/y\v | —B
L 1wof / v/ e — J :: :8
y— | / J
) v A A, —v-E
L 80F 4 el TTre— -
© N —e-F
é‘ 60 ® L ] o—— ¢ .\. _ —0-G
L
o
@ 40| -
w
tE“ [ = " 8

20 . ) K ] I P

0 20 40 60 80 100 120

Depth of immersion (mm)

Fig. 10 Mass pickup
thickness 5 mm)

g o5
olefg e

220 Zolel 3

Fig. 8% Fig.

o
o
olN
N
N
ol
ol
N

, whekA
AfFFe
S ¥ F U

5 mmell A eF =
F7 10 mmol| A w2 oAdfel o
AHHE Yehd =4 1 mm% 25
mm¢) Fig. 2 9 Fig. 5olA ¢} o] &2
mmol A 7+ 2 dA{Y JIAHTHES

%

i
)
(o}

ed
1
s o
dlo

=
O

o ot
rie wo
2R

™~ o

)

o 5
2

2

m
2,
kv

In|

iz}

o
d

S

rate of diesel oil vs depth of immersion for the circumferential speed(slick

W %7 2ol 53 mmelA g 2 dAFe
Bola fle, farFEAst Srtde
olF &AM 2 Hold wrE FAF
% ANFERF A= Fo}
Atk ol AwHoE
e
s & A 2

Aol oA



A w9 UAR 250

a=
]
nz
2
I
2
1

400 . . . T T . T
E wl|Ez T -
2 Simn O
X el e—— &
= 300} |Zimm o— g .
9 | Q/EI TTTTT——¢
B 250F g=———- -
o) . . .
S | P
us 200 i~ B
[¢]
© v v-—
® s v—V M N
a A A A—————A— & 0000 0,
X 100} 4
O S — .
o | e ° L]
2 50 = = . L] ] 4
m -
2 0 1 1 1 L 1 2 1 1

0 20 40 60 80 100 120

Depth of immersion (mm)

Fig. 11 Mass pickup rate of diesel oil vs depth of immersion for the circumferential speed(slick

thickness 10 mm).

AFH S Bol AA o] LET} S5
A Hn weA o[ 52F Al s Fella
A e 4538 2274 He 202 9

AEHEI F A AF g3

%% B9 nael g% $Afe] £F olg
£a% Qe @ clgedoel Fbale]
ARFE FEAAL o= FAHY BRLS F
stel A% + Ao, F4FA 5 mm o4
AAE T AUFAFEE Holi Qo]
SHE olleld FARDFF B FFe A

YERA ekl

Fig. 10 ¥ Fig. 112 %57 5 mm, 10 mm
oA olF&£Ed UAfe FAFHFS I Z
olof utz} vEld Helth fuERA o1
2 k2 olFL oA 3 ZHold wE &
#el a2zt wl g A vEn e Z3
o] 53 mmolA HuldAH
FHFAY FAERFEE F
FAFFL] 27t FolAE HE RO

= HelA nEE A 2L AAE Holm

e Fag + Aok

284 g5l B A FFs0 A5
e fEe wAg ol ool LafPo]
8 F Atk ol fE%s) e ez W

F& Hmd Aol ol & 50 mm
FAFFS % 100 mmSl B9 %
A owlasky] #fsked & 50 mmel A
F& 2 vlE st YEhidch
a7lA HARe] FAFFL e olF
M 719 22 #%e Rolngrl ojF&E 600~
of %

1200 mm/s HE 2= F 50 mm$! 9-ol] A4
% 100 mm% A$-Bo} FAHFHo] a3 9
SE€ B 5 At o= EAY &xrt gAs A
T EAE BEe RaAgFo] Flse] @y W
A FHAFFS FIAA HEZ dA G o
Z 50 mml A$A TE Aoz G228
oyt 2387 F 50 mmolA A FFe] A
e Rola ged], o Mg &dd 9%
Faol A9 WSt YA UE Aoz dAdd
o},



o
0K
i

0
B
riok

Width of
drum skimmer
—A—b=50 mm
—A—b=100 mm

60 -

a0

20 |-

Mass pickup rate of diesel oil (kg/hr)

100 ————————

/Aw

/A~ A/A\A\A

1 " 1 1 i n 1

0
200 400 600

800

1000 1200 1400 1600 1800

Circumferential speed (mm/s }

Fig. 12 Comparison of Mass pickup rate of diesel oil for the case of width of

and 100 mm(slick thickness 2.5 mm).

drum skimmer 50 mm

100 A~u———7A4——A<A\A\ T T T
K A\
95 - A\ .
\ A
)
S ot KA\ A, T
o
5 \
S esf AL 4 :
5 \A\
Width of

E 80 - drum skimmer \ﬁ 7
3 —A—b=50 mm \
8 —A—5=100 mm \A
¥ 75t Iy .

70 N S RN | [ S SR |

200 400 600 800 1000 1200 1400 1600 1800

Circumferential speed (mmy/s)

Fig. 13 Comparison of recovery efficiency for the case of width of drum skimmer 50 mm and 100

mm(slick thickness 2.5 mm).

S AR 7| A FD}, oA ol BAHE= 2
% 99 AURFEE F3F7] Tﬁoﬂ 7=
29 BAAAH 2eHo]Ade WAL 74T A
H3, f357 Fo| 245 AWRES T
AA zepdlo] Ao g FFo] tastnz %
o] & 10 mmolA UARFZo] Frtels AR
Bt E ol$& %7 1200 mm/s Bok o F7b
e w $3)4v)e Zol 2 ALY AAG
of Ztxsti Yt AL B F dud ot oF

A=
ske

7= o] 71§ —rZhT
o2 A "ﬂﬁﬂol’qq] «lff&
Zo] 72 A$rT F87 dEo

Fig. 13& -rrﬁl—r7]—4 Z 50
A dAE fFF g Fsa
gl VeRd Aojrh. o] 7]A
mm<! Aol # 100 mm$%
12014 Blupe} zbo] UG

_62_



SEA gaeT|e UEs sleo 2st 494 o

80 T T T T T — T M T T T T T
—
[ g A
< Depth of /A“/A A
[e)) 70 - B ! A
3 immersion
- F —A— 53 mm A
_o_ 60 | —A— 90 mm A/ /A/A\A~A
2 i Ve
S sof %12/
G A
L st /
g A
E} 30
S A
Q
% 20 -

A

= 10 P N S SN S S | 1

200

400 600 800 1000 1200 1400
Circumferential speed (mm/s)

1600

1800

Fig. 14 Mass pickup rate of diesel oil vs circumferential speed for the depth of immersion(slick
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