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Takumi Nonaka(Hokkaido University), Yasunori Watanabe(Hokkaido University)

Result@ Needle Generated Bubbles Result® Residual Bubbles

Introduction

Bubble Entrainment and Degassing Processes ' 1otri '
OWave Breakin M Size Distributions Pure Water (C=0ug/L) Surfactant Water (C=400pug/L)
: Bubbles Behavior —_ Atmosphere Pure Water (C=0ug/L) Surfactant Water (C=400ug/L) _ _
Depending on Surface Effect — 4\ ' Needle Generated Bubbles el * Observation of Residual
o o Exthahge — (Gaussian Distribution) ol Foams in Needle Bubbling
0 %® i _ _ ) .
X DForming Residual Foams and BUrsting  Heat Gas, Momentum e, v 100 | Experiment
eSS via Bubbles Film $30 ! " e Ni :
%%O o 00000 <7 = Bx0| Diameter, Population, and
O SO O @) > o
(@Bubbles Entrained OO QOOOO%OOO © 3Bubbles Rising up Ocean ECE) 0 D60+ Rate Of CO&|€SCenCe aﬂd
(Watanabe et.al. 2005, Callaghan et al. 2013, Niida and Watanabe 2018,Lamarre and Melville 1991, Marmorino and Smith 2005) ' s 40 Hi ;40 I CO”apse H Ighly Depend on
Ocean Surface Active Pl =y £ Surfactant Concentration
(Log Normal Distribution) 220
ot 5 | e '
0 0™
o Surfactants in Ocean _ T ] 9 =
Water i 1 /i D/D - = = cc/min
. (Produced by Blologllcal Aﬁt'\{:jty) Surfactant Promotes Fragmentation = o o < 8l =G o
Eutrophic e.g. ammonium, polysaccharide : . : 1y
And 2 - %Wu” PIRII * Needle Generated Bubbles — Gaussian Distribution N 5 o
e o o i tribg it T 0.05 o = 71 :
High Surface Active Sur facm s Locality | Fine Bubbles(Created by Breakup of Larger Ones) — Log Normal Distribution. £ iy % o
Ocean J o Surfactant — Frequently Fragmentatlon ° 0.04 o= s0ecim =R
- - . . . cc/min o S
Potential of Surfactant as Characteristics Local Air-sea Transport g —O—200cc/min S
—0O—400cc/min o
- - - 0.03 | ' ' | 5 | | |
ObJeCUVe ThlS StUdy 0 200 400 800 seawater 0 200 400 800 seawater
: Concentration C (ug/L) Concentration C (ug/L)
Investigate surfactant effects on 0.8 — ' ' . . . , .
- - . . . —O—¢=50cc/min —O—¢=50cc/min
|dent|fy dyn amics geometric and kinematic features of 0.7} —O- g=200cc/min | | 0.8 H—O g=2000cc/min
: —O—¢=400cc/min —O—g=400cc/min
bubble plumes and residual foams. L 06 - @ o
Of SurfaCtant Laboratory experiments | T s _ S 0.6
ing high-resolut i : (A . i o o =
bubbles and anmS USIn-g hlgh reSOIUtlon baCkllt a b \a g i" g ° Frequently Fragmentatlon 8 04 | 8 _ 8
image measurements .:. i . _ S 4 = 0.4
2 / 9, . * Increasing Population of Bubbles o 037 Q@ 1 o
| 7.0 s ¥ o« Small Mean Diameter g 02y o ~
Fragmentation of - . C . e s _
Entrained Air ! * Size Distribution—Log Normal Distribution - o =0
T~ A | T . ' : 0L— ' ' ' ' | | | | |
Expel' lmentS CompIeX|ty _VelOClty _ 0 200 400 800 seawater "0 200 400 800 seawater
Pure Water Surfactant Water Population Mean Diameter Concentration C (ug/L) Concentration C (ug/L)
(a) Needle generated bubbles (C:400ug/|_) oy 185 | | —IO—d=3I -
e T & oo E O3
~as . . | = = ~0—d=3 h=5| -
szr:t:ﬂer L . o E 4 -Eljig Zi I§ -0 d=6 h=1 _
vat o F* o7 e 1 -0 +d=6 h=3
Surtactant Water (Oligotrophic) S, ?% = ~0d=6 h=5 /,—‘5 g 3 -0 'd=6 h=5] ConCI USIOn
Surfactant Water (Mesotrophic) ‘b? o = 3 7. | % 8
turfactant Water (Euttophic - - = Yl o 8 _ -
ot ot By e M., o %82 /N I i  Surfactant promotes fragmentation of bubbles.
Artificial seawater . o o B? .o f S o
— . 7’ L o | I = = = = =
N . O ¢ - =/ * Fine bubbles size follows log normal distribution.
a ¢ (cc/min ' o S ' ' g-=- ‘ . ' i i i _
T 10 | 50 | 100 | 200 | - Increase and Smaller " Eoncentration ¢ iy " concentration C (ugit) » Bubbles Kkinetic feature In surfactant water have complexity.
o ° I I I
) T ndced bbbl b , d Size Distributions Foams behaviors highly depend on surfactant concentration.
Jetvel,ncit}fl ®) ¢ (mm) (rmm) Estimated Log Normal Distribution
= e [ IRIRT C ° A Pure Wat ? Eutrophi I\ Artificial Seawater
v a0 | afilm ure Water 10.8 o, I utrophic 108 o ol rtificial Seawater i i i i i i ..
- | o g M. (c=ougL) ¥ 8 300 c=doopg) "8 " | 08 Air-sea Transport Varies with Local Oceanic Biological Activity.
(' : Surfactant concentration, ¢ : Air discharge § 30 L TN -O.6§ | log § \ loe
h - elevation from surface, d : pipe diameter 2 \ || - Non-Fitting| 2 200  [{fil! - Fitting o 200 - Fitting |
5 2 \\ ] 1040 JI ) 04 © ’ \_ 10.4
. . o . | S NI || ks _ I 82 100+
Surtactant : Triton-X100 (nonionic surtactant) ‘é 10 ‘ ] o2 E 100 02 € 10.2 _
Shooting Condition : 250 Hz = \M = Sﬂﬂﬁﬁm > M References
, . 0 = 0 0 1 o 0 o LHHHHHHHHL — 0
(Unit: mm) 0 1 2.3 4 S 0 1 23 4 > 0 1 23 4 >
I - D/D D/D D/D Watanabe, Y., Saeki, H., & Hosking, R. J. (2005). Three-dimensional vortex structures under breaking waves.
\elocity Journal of Fluid Mechanics, 545:291-328.
When Many Bubbles Exist o | - In surfactant water Callaghan, A. H., Deane, G. B., & Stokes, I\/ID (2013). Two regimes of laboratory whitecap foam decay:
, vee— Bubble-plume controlled and surfactant stabilized. Journal of physical oceanography, 43.6:1114-1126.
- Relatively .~ I _ Niida, Y., & Watanabe, Y. (2018). Oxygen transfer from bubble-plumes. Physics of fluids, 30.10:107104.
- Faster %o ovey © |'y” Deceleration by Disproportion Marmorino, G. O., & Smith, G. B. (2005). Bright and dark ocean whitecaps observed in the infrared. Geophysical
Bubbled Detected by Level Set Large I= T o vv;‘v, ‘ﬂlv:§"§3¢.'$'° of Surface Active research letters, 32.11: L11604.
Method (Watanabe and Ingram 2015) Low Bubble E . Lo ST Surfactant Lamarre, E., & Melville, W. K. (1991). Air entrainment and dissipation in breaking waves. Nature, 351.6326:469-
Each Size of Bubbles Determined as Drag z i Rands 249 _ Comammaredatel | Concentration 472.
Set e - : Area \ Qi vy vv (Cliftetal. 1978) | | Waurl, O., Wurl, E., Miller, L., Johnson, K., & Vagle, S. (2011). Formation and global distribution of sea-surface
-. hod Equnlbrlum D_|amete_r I:)'- f Faster > Y ‘W‘,x‘” ° O Pure Water ] microlayers. Biogeosciences, 8.1:121-135.
o . W A.I\/Iet & ® Bubbles Velocity Estimation by R Y Europtic Water | Bubble Watanabe, Y., & Ingram, D. M. (2015). Transverse instabilities of ascending planar jets formed by wave impacts on
3 Q. Trackin g their Centers Over . .1(.)0 . — Advection of Z(;rltgiIB\;vzlésiSF(’);o;?edmgs of the Royal Society A: Mathematical, Physical and Engineering Sciences,
Sequential Images Diameter D Surfactant .2182: .

(mm)




