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Generation of emulsions due to the impact of surfactant-laden
droplet on a viscous oil layer on water

Donghoon Lee’, Dohyung Kim', Ildoo Kim®, Jinkee Lee’

Abstract We present an experimental investigation on emulsions created during the impact process
between a surfactant-laden droplet and an oil layer on water. By varying the surfactant concentration
and the viscosity of oil layer, we created emulsions and visualized them using multi-dimensional
high-speed imaging. Our analysis shows that the emulsions are more likely to be unstable and decay
within a minute if the impacting droplet contains more surfactant. We also found that there are three
mechanisms of generation of emulsions depending on the concentration of surfactant and the viscosity
of oil layer; the jet pinch-off, cavity pinch-off, and tearing of oil layer. Jet and cavity pinch-off turned
out to be dominant mechanisms for high oil viscosities, while tearing of oil layer is dominant for
low oil viscosities. Our result is potentially useful in designing optimal dispersant properties for
offshore oil contamination.

Key Words : Droplet impact (4%} %), Bilayer liquid (©]5 <§A)]), Emulsion (3 3)

LAME gk g A5 dEFs Al
Castillo-Orozco et al. Ve N o] 712 Mool

A F& 5 AA mHol| HFHo] FET o =3PAA] ¥HAIE = Worthington jetZ} ©]o]
wf dojuh= @/dell thsll Worthington & A & secondary drop®] @735 A FTh ]9l
o2 thekst A7) o]o] H ). Pasandideh-Fard =t AA poole] Zo)670 A ] X =3}
et al ¥ A B FASN A W OR 2ERL g olg] pool 2ED, NA EE 7RG 2 oA
g2 FHd & AF o] T wjeo] Tl o] AxO% thekal zAstol] A7) o|H ATk

T School of Mechanical Engineering, ol Arad LA AH, LA ¥, ASA
Sungkyunkwan University, Professor A 5 B2 ool A EgEa Qrpio
E-mail: lee jinkee(@skku.edu ok 71530l Eoll H9A A= o5 4A

¥ Department of Mechatronics, Konkuk University, (bilayer liquid)ol]l theF N2 =] A &

L
F{

O

Assistant Professor
E-mail: ildoo.kim.phys@gmail.com

" School of Mechanical Engineering, Sungkyunkwan
University, M.S./Ph.D. combined course

Aol wls) Aol sht vl EAE7] Wl
Fglo] thE Aol Hls| t] Eitsto] HAo)
dejstae Ao Mo o) el 1



Az} 8231 AHEAIA AHe] o 23 odA A 1

FE] Q3710 dubx o 7 olx)] TRl o]
FEIH T& Aol A olH7F A=, o
3k FdolH ] JH& 5 o= FAFH =
cavity, ZL#[°|H ] EdE Wt FH = &
%= crown, 12|31 FE A HolA] 9= ST
+ Worthington jeto. % l?—/f‘j,%]' 4 rh® o]y
S A2 EEAUATE A NUA R 5]
@}\-] 01011/]}— o]u]_xqo] ‘(S:]/\]—Oi}yq %. EH/\]-
| @] opd o]F AAT} Hojk 7]EA
o] & FAlErk shAIRE A Q1 2}
A, o] F AA|o A —rﬂ%
kA gae A A9E
stk 71 Aol J¢S JJr—u
urphy et al. V& Z4F EE AIGHER
A AAE E3Po] gl oY R/ 7E
= e 2 FEAA ol E &
*l(Splash) 752 Wgle} ooj2Ee] A
gth w3k Kim et al. 198 7] 8= F
] cavity Z ool WE & Weber -5 A
AR 7155l FAMEA ] 42
g ) S cavity?] Z0]9} jeto] %
LQ] scaling 212 A A3}
o5 Aol F=T 45 T8
ol ' (emulsion) 2] AJAJolt}, A
B oA AHe] WelA =
A7 Aol Eolzit o)of -
sto] 7 &3] B Qe A =S e W
Ao 2 Pumphrey et al.'”&
o5 HALst] & A o] water pooldll =l
et 7] o] AdEE FAHS AT
o5 AA tigt EAH] A5+ Wang et al.
o ol5) = on, 15 & dqHo] &
el "9zl E31do] gle 71550l = W
/715 S 2/718/2 9] oddo] A

o
N o

b

g r

= ¢
iﬂrﬁo}ﬂr&

=3
=

KN
=
<
I

O doox XN g
ﬂé":‘oﬂﬁj

it

—HFN

o e =
) rB. = E%E

>
jii

_4_4_4_4

],

o
o
i

(]
N
I~
N

i
d

Y

ol
-
£
Fll‘ <

&

2
> Jlm

o N

i
o
0
N
r1r

I

o
2y

A N W o Ede] WA AR o
2 PR o] HAES A A7k ol 11
OB FAT 5 Qe Heh g wE B
%

Y odd o ® R E9Hy oY

R
lo,

A7 HA A
2t ] SFoFA| AL HFA4]
Al EAREo] gk o
F91¢] 7] e ddo] #EE7| %=
F}.09

o el A WS dtH oz HA
< AAFE cavitys 3] 2% 765
§], Z22]3L cavity SheHF-ollA] Ay Sk=
o] pinch-off, ~1&] L jet pinch-offol] 2]3k
secondary drop ©] Ut wlElA
PAE olsfislr] HalA o5 HA F

= AL mus] BAe P47 g
al oﬂZ%o] ﬁ]Uﬂzﬂ—/ﬂxﬂ T%oﬂ%} 73_?—01]&1:
o] th% °”Zﬂzoﬂ %%%H’Jr Al A
WA ARS w2k
o= 7}k Z:—LO]'E &4 ELXJ (dynamic surface
tension)©] WAVt 53} FA o] oS ¢
d‘:} @ wba] oE A el P4 dElE olaEe
H F7HAIH] gk AWgE v AHEd A9
SAE Qe T4 WY, F7HA 8%lo] &
A Eo]of gt} o]= A dalEE o
s, o}x] AHEGA HAH Q] o]F dMA F=E
2 QIgk odde] e gk A= X
A7 ojt},

= o) HAol gk AW

T ol

TES A St] oldAd A e s olsfsta

=

o D S e A (o O T

!

el oo 12 of )y A ud gl

g
g
f
L2
g

o 1

/H ;q] ol ;H

AR S, AE ) e



12 o]

Linear motor

Syringe pump ¢

H Oil

sl

Mirror

45°

High-speed camera

Fig. 1. Experimental setup and variables.
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Table 1. Experimental conditions.

Height (Z())
Nozzle diameter (D,)

525 mm
1.60 mm

SDS concentration

0, 0, 0, 0,
(by weight) 0% |0.5%, 1.0%, 5.0%

Drop diameter (D) 4.15 mm 322 mm
Impact velocity (U) | 3.12 m/s 3.09 m/s
Oil layer thickness (H) 1.7 mm
Hexadecane (HO)
4.5 cSt

Oil layer viscosity Silicone oil (SO)
5, 100, 1000 ¢St
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Fig. 2. Sample image of surfactant droplet impact on
29 silicone oil layer and formation of (a) crown and cavity,
U=U [1—exp (—U—tzlo) 2 (b) Worthington jet, (c) stable and unstable emulsions.
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Fig. 3. (a) Total surface area of emulsions represented
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Pinch-off modes were divided into four; jet pinch-off,
no pinch-off, narrow-jet pinch-off, and mixed
pinch-off where both jet and cavity pinch-off occur.
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