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A study on the spreading of an oil slick
under the influence of gravitational and viscous forces

Chang-Je Kim - Yang-Bum Chae
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Abstract

In this study, some approximate theoretical solutions about oil spreading under the influence of
gravitational and viscous forces have been denved from the viewpoint of energy conservation. The
theoretical model which derived newly 1s in agreement with Toi’s one derived from a different
hypothesis, and shown to predict well the spreading distance of oil front at an initial step of outflow, but

further study is necessary to evaluate the spreading distance after longer time.
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r



FH-AAAH ofg FEF H Aol ek ol 3
ERIA AL A A2 A6 AH2)E o] g zupsko o] B EE 20 Heue Ao s
fate] A/(Daf 7o) v} SUospgrare] ok(n)”l #HEFH, X(H 2 Z(He &
dU _ _ pgV* dR . A el sl A o] R3] Aol B FAl, X,
T
W Zpw 2 &vigkel X(0) 2 Z(0), w(x, O
E s D ATE ) e R frEfe
2.2 Meiojaol elst 2NUE G ole DR AT 2 SRR fE T
frdolet & o), &l dRkREA 2 o AR
) B zR7E A o AY19 b
Zwinlabel o8k 4Alel B Wyt whAbES o} P ZEE AD B A9
A o, AHR)E ol E3hH ohg A3k Fhe] v IED OV O E=D. ¢/ S (1)
R
Wy = —fr5~u,-2nrdr ]
R 4z . Z dX (12)
= — [ ot v, 2y 8 dt X dt
- 95? oK’ Az shA 2 Vi RER) s Aol
vl V= Vy(p.— )/ 0,7t Srt.
el A, g ehRATel SEupre] SEE 4 A3 vl EskA o
A@ell A FERADA] f52 (R, H= o3p o] AAate].
aR/t=dR/dt °]v}, °]71-& o] &ate] ~(&)2 < .
- B u(X, [):a; .................................................. (]3)
ol ad avlsha, AR A O)E !
E9 FERS A3 RAI0E o & glek
w(z’ l‘):—a/ .................................................. (14)
au g, ¢
pr Wm0 oo (9) N LAt = o] St o e Al
n"”*iﬂ ]'L/}'X]—'n ] T Es At A
qhF A 71w}
27
|/ o0& 72l
r={ J ve+ RY) 1o 3.1 mEMO|LIXI9 1 WstE
A0 SRE g, 00 HE)2] EALeA) ALESHEE A (15)5}
& FEo WRERE FEFU 7%4“@% o} 7ol ),
Fe A7 Al ol gk,
du _ 1 VP dx
o x| o dt = 9 085 X“ dp (15)
3. 1% HE=g
Ji A~ olM A J,Lyg] %0 ] )
s SR el b S 3.2 Hpiokaol) o/g AMUE
N ag do 7t 84w A A aES e 4] 2 4
Age A wel s AR A A ohazbale vkl g bl E
shrlell elvt sleh FRAbee A st Wyte chelat zbo] #lch,
A, xir rEe] Arbxe A en e {fER2



4 A A A
400’._
X
WB: _Lyfg'udx | /’/
= —fo p(,fuz' UdX i (16) s00 L ‘/—/ o
4 s +

ad 4
T TR X

FERALANE) 552 o1 83t0] oF 278
AU RER A O FY 4ER 14

4
9 AW X ohe A3 o] ek

5 ;g / 2/5
- O2L 17 .
X { 2V f Vit X, } an + — | Ve=10i
O -.- | V=501 | |
o 1
Aol A aomst =k s Aane ° s t 100 150
AT 2 ol ebEbe 3o HREEE § Fig. 2 Spreading distances of oil front at different
FhAdste] Aepdstest AR AaHet s outflow volumes( » =30 ¢St, 7=0.001)
5“t}' 400 —
4. DE 3 =9
300 |— PR
A_ -7+
Agle, g o, fxebel Abtho] Aum i oo
R A -
47 40 em¥ES XL 3 ol f% Vo E o
. R :
10, 20 ¥ 5079 3FFH, AT vE 30, 50,
100, 500 = 1,000 cSt2) 5FFd A9-2 485
72t 2 gs) 237 B2, At FA 2
T8 TS dolz=y 75 St wEA
720 F, 71gol Adrbe SE FAL A P e Ty
sheich. wat, shake] oigk HUAMR( Vy=50 7 v B e L
Ve
0 L 1 J

=100 ¢SS FAlol A#lsiadct o 50 100
Fig. 2 2 3 7253 1,9 Aold & & t
Fig. 3 Spreading distances of oil front at different
outflow volumes( =100 ¢St, 7=0.01)

150

ARzt av F=HEA 9em, F3 0.2cm)o] Ea)
e Vb 500 o] o] 2F4(41110), ++= & mo] AYZre vebdiel A(10)el oF £ g
23

Vork 10 14 wie) Ak, O Vorh 50 19 =9 xol, &R Vp7b 29 S3A" RE A,



A Zke} 2/7A5¢e wiEl g

oy AT} o] Egke 3&% A
ok Agd Ay zde|A| vt Fefo] EajE o
(Fig. 391 &), &5t Aol 343 s4F 2
AeE At AeTadAe HATg ALl F
Ag Aee A Aoz 3R
S00
© +
. 200 p—
.‘_ o
o)
109 |-
!— ex cal.
+ ~ | =500 cSt
@) 1=1,000cSt
o . | 1 J
a 50 100 150
t
Fig. 4 Spreading distances of oil front at
different  kinematic viscosities( ¥,
=501 7=0.01)

Fig. 4= HAAAT
the] Al A& vhebdl Zlelth Fig. 2, %4 i3
AR BEES AT, FES FEFADE] HAA
glojch, A2 FHAAS 1=500 ¢St H5-2| o]

v =500 cStd wje] A&z O
071000 oSt die] A g vhebd,
A

s shaslA R AR o 2k # Ashel, &

A7

(&)1

Fo| 271G QUoiA o] ATolA ARk A
100% o8t #2352 HPALE 42T 5
lek,

5.8 &

A e] Aabdshs Ay dshel A g A
@3 vhehith 9o, ol WAl &
]

o] cdolls EZelAd el HA At

ol & u), f&f AdelMe FEFY

A s o I
e} w)ashedct
syog 124 o

A1, °l d7ollA Ak

o A

2] & Frtete] {EFF AFE A te] AR

sl We) 454 AL A5 ol A7)

4 2.8},

2128

1) BAEMHRHE, it aloire] A Eelad
whl o] gelol gk A-(FAR ), A7 E
A -3 AR 7B 24,1979

2) HBR, SRl o Ao S, v
dere 715FEe] A7, ArisdTada
A5 A 62,1968 ppd3-53

3) Buckmaster J. , Viscous-gravity spreading of
an ol shck, J of Fluid Mech, Vol. 59,
1973,pp481-491

4) #HA, el fE KA 2 H

A, ez Esl=dal, A47E, 1980, ppl28-135



