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Abstract : When persistent oil, such as crude oil or Bunker C oil, is spilled at sea, viscosity increases through the weathering process. Equipment that
can collect this oil when mixed with floating marine debris is very limited. In this study, devices that can be attached to the outside of existing oil
skimmers have been applied to the inside of the main body, to develop an unmanned conveyor belt type floating marine debris and high viscosity oil
recovery skimmer, which is composed of a conveyor belt, a sweeper with a forced inflow device, and a collection tank equipped with a buoyant body.
The resulting skimmer was operated at a speed of 1.2 knots at a distance of 30 m in a sea area test. It was stable when moving laterally in any
direction. An oil recovery performance test was conducted using a portable storage tank, and oil was recovered from a minimum of 7.8 k¢/h to a
maximum of 23.3 k¢/h. Moreover, recovery of 7.7 kt/h was obtained in a wave water tank test with floating marine debris such as PET bottles and oil
mixed. If the equipment developed in this study was used in the field for oil pollution accidents, it could be expected to contribute to improved response

capability. We believe our equipment could be used in further studies to improvement the performance of existing portable oil skimmers.
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Table 1. Field Survey for Conveyor belt type of application Vessels

Item Vessel A Vessel B
Belt Type JOS-20 JOS-15
Length and Width 6.15m / 1.5m 4.85m / 0.9m
Underwater Section 1.5m -
Slope 28° 30°
Material STS or Kevlar Belt Kevlar Belt
Driving Method Chain or Drum Drum
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Fig. 1. Schematic diagram of conveyor belt.

AR - HAY

Conveyor belt
(Kevlar material)

Oil pushed by
belt rotation

Water Hole

Fig. 2. Picture of Water hole near Conveyor belt.

Table 2. Test Result of Upper Water

Slope (1:1: ;) Kevlar Belt(k() STS Belt(k¢)
1 2 30 A 1 2 3| Aw
4 0.7 | 0.62| 0.69| 0.67| 0.33| 0.51| 0.47| 0.44
25° 6 1.42| 1.48| 1.51| 1.47] 0.78| 0.82| 0.88| 0.83
7.5 1.7 1.65| 1.8 | L.72| 1 1.1 | 09| 1.00
4 0.63| 0.51| 0.68| 0.61| 0.34| 0.4 | 0.38| 0.37
30° 6 14| 14| 1.55| 1.45| 0.87| 0.79| 0.81| 0.82
7.5 162 1.83| 1.7 | 1.721 09| 13| 15| 1.23
4 0.69( 0.76| 0.81| 0.75] 0.29| 0.36| 0.42| 0.36
35° 6 1.03| 1.49| 1.39| 1.30] 0.75| 0.89| 0.71| 0.78
7.5 1.62| 1.71| 1.49| 1.61] 098| 0.96| 1.3 | 1.08

* Air Temp.: 18T, Test Oil(Bunker C) Temp.: 18T

N

.2 22| H (sweeper) A

Udba o 2 ko] g w2l o] ol M

2 A F9 fradd oJste] MES qH FA R A

2 Heol FidE Agf Fo] 5Yy
3]

=
water hole ¥73o] A 3HtH(Song et al, 1997a).

A x| AFE U ABAAS
e golth. 71E Akl A Aulelo] MES] 79
A= BBl MES @ Leheh Ra) WE FHo A
MBS SN, FUYol ofd Wk ohe Yf2
97 F 23 ud o gel B oA o] Wit Al
b sl wAstn ol ARt 29 5L ol gstel 4
Qo FHBe WES AN Y= Agolr)

- 210 -



\
Chain

\ 7

) ‘ Installing the inner rail of the chain ‘ [
\

/

Fig. 45 2919 (Sweeper)®] M 2 AEAS vetdl Fe2 A Ague] Jes FAA7]1aL, gl 9
Aolth ohAl AHE Auolo] Qe Hxeo] WAl Ff & ddo] rheEEE R Zed 2 T de AFE
EEI Y 5)9 FYS HAE 7 RS, Adolo] M RS FAE FHAE FAHEE dAEY
E AR Fi2Er] 9 7ls 5 3= IgE &
olgtAl & 4 A& A FYFAYA 2=9HE A&

29 ¥ = g3l 7lEd a7l B 7t A QlG-Eell o8|
sldsked, 299 Aielxe FHoRE JFA ol
oA = FA o R AYA FiE B Ve S8 A
Hlolo] MIE 9|2 ZA| o]FAA § YT 7tHygoz A
A3k

2.3 28 E(hopper) ¥ T = =Y (frame) AA|

Fig. 5% 3% 9 5534 ARS Yerd o)t} 7149
olo] MIEd| of3) 3]H FH2dr] 2 VEF 5 EHE0
Rol= 3 FHEE A H7Eo] HITHoRE A
7] A7HA] RBEE AAAGE IS Fagsi, 326 Fig. 5. Photograph of hopper & accessories.

A4 2.4 33| 24 AF
]

gL 71E slagnle] e oA Fres vhiEs 99
715 EFES 6009 H &Fo R I A stes AYE F A (power pack), sAlA 7ES FFEE 3] 55 (skimmer
EE, ohdnkab i ES} $Ad AR 270E2E AAR head), A A FIFTE Adse FYEs, FIFNE

- 211 -



AR - A

Lol 9%

HMHWM%@%MWAT%W Ninﬂomﬂmmﬂuﬂmwmv
¥ E LT o X - R
n __A_._._ B 5 X O ° - 1ﬂ517 . E
@ o .9 o _ K = KX SIS = I s
= 1 _!1_ o W N X0 o o ;S OME BR I o_e R ;oT o ~ = N
: oK wﬂmu%mwﬂhw_ﬁ%c_omﬂ_gi TETEyurIncy
o ol = W A or W W Moo i S O
§= < 2 E e — o < 0| & =
) =) g B oy EIREFRRE el twmEH g
. i\ & W %o oy o B o o pp O = Mo G 7 LA._UE pm o o o T g
5 a 3 Jo MY ™K T oo O R oo T o Ak © S o o X
2 wp AT o Wi ol " 3 ot NI I py {3 B3
g w0 Trgpy AT s Hy wmEY S T
5] - = s wORE o T bX i - L7000 o X Gy o N o=
2 < Tam g e ®T ) T N e — oo R &
“ Jjo P e lﬂ.ﬂ.@@ﬁ TN T RESD w2
£ 0 %%?Eﬁ%%%ﬁﬂﬂomrg TNy B ® E
5 o0 g T g PRV D R oy m g oo
g T om o= oo 5 el - K4 I RO )
8 Okl LT Jo ™4 = NN {1 o ol — o) —
M o ﬂm = &o oE o W ﬂl oﬁ AT T C ~ o ._N.o T UF 03 _Ee i_u _z_ﬁ Wv X0 V
2: T ELowlPLelaeciw RwaipaloEe
—= o KO — KO = KO WwF —, oy hrd < TU.,O‘I&OQL‘I
e 5 R 0% Tdoy wmfood MY @B O X b 8=
mm <+ %_Mon%\m)mom%mwmwmﬁaﬁﬂmoyﬂ Mﬂaiﬂx,ﬂmwﬂwﬁﬂ%
n = S L Y ™ B¢ m el oo oo RS
e o M%Mwohﬂ.%ﬁmgoﬁiﬁ%ﬂm m%ﬂ%%&%ﬁﬂ#
X T T i = — e
g ¢ wpiolabldzaigzy &3 :fciuTe
i - B u B < % T T 9 HoE T WX T .® MR
5 fialerEaniees S BririerTor
FTHEP A EN PHETE T KT T T W
H] o)) %0 o] T B/ Bvﬂjxmﬂuho)zo,.__/lED/
BB Py T EWmN g TS :
Hi % O %o fo ga]ﬁ&lﬂ%ﬂlowm. 5 |8 |35
AL R RN O T EL % om 2B ElE 3 1
W oo O F g0 RO aTﬂA# LTI R S e AL 3
woH = FoVasxR v % 28 2
Ltdi.oE]Pﬂ .o N mma A ! \ 4
wowERT wmaglloxmE@Reo gD 8 \ ¢
A,_oml_,T N ol H._LUrma mﬂ b ;oe 2 %] EW\ 5 ﬂm G 3
m%k%ﬁw m,.owewﬂogwww_w%mwma —a
° =z = Az o B B g ~ o so| Lo ¥
T TEEH mHER PG NET N Lo a | £
o AT]L.LO_ by ok o] o ™ o Wy 5¢ 5 3 M
zo X o N o 9 = o B A N il ® e
~ o plo o U womo 2 3 2
= o 1,30 = % 8 Mo = 4 = Wk 3 e B
X.zidﬂﬂqﬂu%ﬁ ﬂoﬂ._LﬂW_L_lc_JﬂLidﬂﬂoﬂL;dﬂ H. ¥«
e P R AT T x g "B
M ® oo W W oo 2y W op M 9 g
ﬂu%mmamﬂ_,%m_ﬂo«nmo Mﬂﬂufﬂufv,ﬂﬂl - 7 7 -
o EE M T BRI L R LT T e o <
o sl - R R . owm,.ﬂ s|LE [
A Ty = Wi T HoM) 9% T El lan| |2
X¥ 7] ‘WL ,vaL| — 2 o o °
oo X o e N i £ g |2
N TN YE LT ko - - R
TR s ER S g TP §T
oW B g e, R T e d o 5 g L8
o W EpEs P Ty mm S d
o B TIoTHAN K EHE LT MR ET SW

Table 4 YEFH AT

=

=

9A ™
, 1 Az

- 212 -

Fig. 6. Schematic diagram of body & body inside.
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Table 3. Test oil and test Conditions

Type (Wt%) : Bunker (C: 86.48 %, H: 13.05 %)
Test
. Viscocity (50C) : 16.36 mif/s
Oil
Density (15C) : 921.9 kg/m’
Test Sweeper (Brush 2sets) Rev. : 30 rpm
Condtions | Conveyor Belt (L: 2 m) Rev. : 13 rpm

Table 4. Performance test results of recovering equipment in

temporary storage tank

Times | Air temp.(C) | Visco.(cSt) Qul::i:i(t);:lglh)
| 11 1,300 7.8
) 10 1,450 10.69
3 9 4,500 13.122
4 9 4,570 15.066
5 9 4,570 15.066
6 8 5,050 15.552
7 8 8,600 16.525
3 7 8,600 17.982
9 7 12,000 22.356
10 7 12,000 23.328

* Viscosity is measured using FUNGILAB (Expert series) Viscometer
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Fig. 10. Schematic diagram of test-bed in wave pool.
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