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An Experimental Study on the Effect of Contact Angle
for Recovery Rate of a Belt Skimmer
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Abstract

Removal of spilled oil over the sea and the river has become one of the urgent problems in these
days. Removing oil using mechanical devices was recommended because chemical dispersion could
cause the secondary contamination in the environment. In the present study a series of experiments
were carried out to study the effect of operating conditions, especially, the angle between the belt and
the fluid surface on the rate of recovery for the spilled oil using a belt skimmer. Three different types
of operation, namely, upward pickup, downward pickup and up-and-downward pickup situations have
been investigated for various contact angles, belt speeds and oil thicknesses to find the effects on the
recovery rate. The highest rate of oil recovery was found in the case of a contact angle of 45° and
downward pickup. Furthermore, an optimal belt speed was found to reach the saturated recovery rate
for a given oil thickness.
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Table 1 Properties of experimental bunker C oil and water.

Dynamic Kinematic Surface
Material Viscosity Viscosity Density Tension
(Pa.sec) (m*/sec) (kg/m") (N/m)
Bunker C* (30°C) 1.556 1.648x10* 944 367x10°¢
Water™  (30°C) 79710 8.00x10 " 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. 13 Mass pickup rate of bunker C oil vs
belt speed for various contact angles;
downward pickup (slick thickness: 10
mm).
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Fig. 15 Mass pickup rate of bunker C oil vs
contact angle for various belt speeds;
downward pickup (slick thickness:10
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Fig. 17 Mass pickup rate of bunker C oil vs
belt speed for the contact angle; up
and downward pickup (slick thickness:
10 mm).
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Fig. 19 Mass pickup rate of bunker C oil vs
contact angle for various belt speeds;

up and downward pickup (slick
thickness: 10 mm).
Fig. 202 H9%7 10 mmolA HZFZte] 4

5,90, 135" oUe A% olssmel P
A CRel FRLL o FDNAe 499
Hatgol DUl BN o FoRE A

M e Aol

—A—13500)

Ao

wl AN
///o
100 |- y ’//8’ A % —xgd
> /“rf—ﬁ'\\‘,_: 5 45/& J
A

0 . .
¢ 100 200 300 400

Belt speed (mm/s)

om0

Mass pickup rate of bunker C oil {kg/hr)

Fig. 20 Comparison of mass pickup rate of
downward pickup(DD)) and up and

downward pickup(U&D) for
variouscontact angles(slick thickness:
10mm).

8

714 Ad FEFHFES Kol S
starvation®] A EHE dAolEEE oA
SR HFE stFgolF T AstgolFeM Ao 2
S HE Hola ASE ¥ = Urh ik A
olF & o]Fo AaldoldoAe YA F o]
oA FUksta deS Roln X, ® HEZ
90" oM HEZ 45° 9 ASRT YAo)sEE
o] %o slaFolF 3t Asldkolfol el YAFHF
27k Frtsta e, ol FHEZol €%
starvationoll 28t @go] FrteEtr] wiEo|th o
o A& 1350 dAE FE FAHARFoR A
o FAFFo] & AE HolA &x gith
Fig. 212 ol &4 3} starvationo] 7} #t
Al BAE T, instability ] wAle] Zomz Huy)
FAFHE Bolm HE7Z 45 oM o3y F
AL 5 10, 15 mmE 3PS 4 F2429

SAMstol o8 FAfA AsFe Uehd A
otk @714 §%F 5 mmel ASol W) &

BF=A7E 10 mmel A SdE FAFF) T
2 Jev, FHFA2 10 mme A9 15 mm
A AFdde AY 2L FAFZE Bl 3

ol fHurTAle FrvE BAFHS E7HAY)

Slick thickness

BOEl _e— smm /

0-- 10 mm

—A—15mm

Mss pickup rate of bunker C oil (kg/hr)

N
0 100 200 300 400
Belt speed (mm/s)

Fig. 21 Mass pickup rate of bunker C oil vs
belt speed for the various slick
thicknesses;up and downward pickup
(contact angle:45°).



A dFE AR S ¢ F U

ol el Aaolr 7189 +HE Y3l "HEA
FrEg7)e daoldol T dEE EE
stejof & starvation R instability9] A&
WAl stojof gt} webr, FFZHE A A4S )}
3 FAl B wE 44 o)$E5EE H
A st RAeol Fastet

fr & 2AE V&9
948}04 oW, HEZ olF

SE % 9 TAG ASY AN He
[o]
=

1)
S
o ALFH YHFYL %7}6}@, o] $ %50
T

(2) 79 718 olHWH 2 HEZ 93
S+ %S starvationo] 2|3 F2A{F %3 insta-
bilityell ¢1& &AFFed ot F2 Jgg @
on o]d wE HAY YA EE Ak w
2 Eaeld, HEZL 45° oA JME ZHFH
FETEE Roln dA olFHEE olufolA g
REZ2 99 % oldog Eeof i v o
EG, Astgfolgol A dEolg FAHFHA A
—4 01?%}- vl 2] A gt

FEFrEE FHFAY Frte wa F7b
6’}7(]”} P7A CH F35&S F945F4 10 mm

AL FAFAN g FFE A9 wA
W,

gl AAE BHGA W= 3158 4
g3t ¥A CH 5 nHEY FAE 5

AZ A9, FHE 71Ee] MEARHE ol
7} starvation ¥ instability®] &l A& HE
Zt 45" oA b %5 E 34&S Bolw, RES
xS g ® o] AS FHEFY FAd uet
starvation WA & % 91 "Jﬂ]OIt«_‘.—EN 270~ 300
mm/s oA A= Hol HAH xR of A
v 3ol 013151 9&3\—“ 13E, FER(EH
el 3ge A8" 4 ok

-

191 A&7 HFgol MAE G B 4¥H A7 1713

% 7|
B a7E aRngE gatule] Adewn
SFold Aoz AR deRA BALE P,

ES )

Ao
2

(1) @94 9 109, 1993, ¥y wA 7%
A (D, #F7ADTY dF B, 78y
SH,

(2) ol¥4, 1995, FFLE % U, A%
2d WA g 2 Av, sEFFRA,
pp. 6~7.

(3) Oebious, H. U, 1985, “Physical
Requirements of Qil Combating Equipment,”
Marine Technology, Vol. 16, No. 1, pp. 9~15.

(4) Leibovich,S.,1977, “Hydrodynamic Problems
in Qil Spill Control and Removal,” Journal
of Petroleum Technology, March, pp.311~
324,

(5) Meyers, R. J, 1989, Oil Response Guide,
Research Planning Institute, Inc., Noyes Data
Corporation, Library of Congress Catalog
Card Number 89~38445,

(6) Fraser, J. P. and Clark, L. M. C.,, 1984,
“SOCK Skimmer Performance and Field
Tests,” Journal of Petroleum Technology,
Vol. 36, No. 3, pp. 451 ~456.

(7) Wilson, S. D. R., 1982, “The Dragout
Problem in Film Coating Theory,” Journal of
Engineering Mathematics, Vol. 16, pp. 209~
221.

(8) Cristodoulou, M. S. and Turner, J. T.1987,
“Experimental Study and Improvement of the
Rotating Disc Skimmer,” Oil Spill Conference,
Baltimore , pp. 101~108,

(9) Ueda, K., Yamanouchi, H. and Ueta, Y.,
1987, “Removal of Spilled Oil by Adherence,”
Ship Research Institute Report, Vol. 24, No.
5, Japan (in Japanese)

(10) %<, €748, 1997, “AEH F347]9
3lAtgo] K& vA= Ao #TH3 A
A A" A7 ATH =AM, A 21 4,



1714 TTH-+A &
A 5 &, pp. 679~690. (12) Bocard, C. and Gatellier, C., 1981,
(11> Atlantic Research Systems Division “Breaking of Fresh and Weathered Emulsions
Marine  Systems, A Division of the by Chemicals,” Proc. Oil Spill Conference,
Susquehanna  Cooperation  Costa  Mesa, American Petroleum Institute, Washington, D.
California 92626, 1976, Recovery of Floating C., pp. 601~ 607.

(13) &4, &4%, 1997, “4EA HF3575
AER DR A5l B 494 AT B
sjFaarslal, Al 11 4, Al 3 &, pp. 132~
143.

Oil; Rotating Disk Type Skimmer, Water
Quality  Office Environmental Protection
Agency, Project #1508FWN, pp. 25~97.



