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iebble activation from a hydrophobic spot at “negative” surface
woerheats in subcooled boiling

25 Shen *™*, Bambang Joke Surato ™, Sana Hirsbayashi ° Masayuki Yamada ®,
stomo Hidaka ®, Masamichi Kohno ~&, Koji Takahashi ®%, Yasuyuki Takata *

ity for Comban-Mesoro! Energy Resrereh (PONERL Musber Diiversty, 744 Motoak Nishide, Flksety 3700005, lmey
et of Mechaniosd Enpinerriss, My Usfeersiry, 74 Matosks, Mishi by, Erbucka 81507205, jusm

= #mmﬁmnrﬂMHﬂ&.MWm&ﬂMhmmehaﬂrd.'ﬂ.l:'n-!ﬂtll.
iy 35083 hdwrana

o Arremaquncs ond Asmenauio, Rpusbe Priverss, P44 Motpols, Niski-i, Pulsoln BP8-6055 lpan

=N LI HTE

= aciurmed an Eydrophebic IFTFE spott ot sesinally negative supssheaia,
Sspamuse freguency and diarmerer wete obtained by highapesd imaging

of the bubfle centeat wis given based on inner tempensiare measur=menrs,
elléct explaing the thiw bubble grewth wader the dubooaled penditian

EITCLE LMNFO ABSTRACT

We preseal experismental reulls on the contralied bubBle generation from 1 slngle FITE (polytetra-
2 ety 2FHY Eunresriyiene) spot—with diameter varging from 2 mm to 6 mm—depesited on a flg palished copper
By fa srfave that was submersed (n subeceled pure water, The static eontset angle of the FTFE coating wab
S Derabicr 14 measaed to Be aver 120° which tonverdently prodisced a cleir contrast with the copper sisherrate in
" terms af wernhility that ensured constofed bubble nucleation. By maiing wee of 2 high-speed camera,
Fatietical detalls about the Bubbie fermation that include the deparmurs froguency end dlsmeies have
B ohtained ar vanous sufice Demperasures, An isoegesming chssrvaiion was made of repeated oycles
of bubile nucheation ard detschment at sominaly negative wrface mperhests (e the wall temoera-
furn Being belaw the saturstien cemperanure al (b fytem presserel which featured particularly leng
bubble growih fime ard seemingly no waiting dme, The venical tempararcre distribucion intide the
bubhite, which wit measured by a micro-Sermoesunle of abaut 230 um in disnetes, pezpests 4 relacively
stable Bubble comprsition of witer vapor and dissolved lr. A hast-pipe analosy was drawn to describe
ik internal heat transfer mechanism of bubble gowth on & mined wemalsilicg surface under subealed
canditbani,

0 204 Elemvder Lrd. All righis resermd.

etbori Nt Lyt [1,21, bolling ofTers an extremely efficiens means af heat
transfer and conssquently finds a wide range of industrial appli-
= the large latent heat of evaparation and, perhaps mere  eations from clectranics <ooling to refrigeration and cryocosiens to
2y, strong bubble-induced agitation in the superheated  noclear reactors. The performance of bailing heat rransfer depends
on two critical paramesers: (i) the heat transfer coeffdent [HTC),
wiich iz defined a5 the ratlo of the impossd heat A oo the core
niing axhor. Dipammers of Mechanlcl Engineering, Buds e TeEponding wall superheat ATe = Ty — Ty ard {if} the critical Beat
m Bzt Pkucta 3150005, Japie, Trls okD 2 562 F05) ﬂ:::T {CHFL, which dcnm::ﬁhr; Tﬁeaﬁh-:ndw between mlll'luﬂrﬂl:
= : ; J ing regime ind the rable regime of Slm ng
::Fh‘::"";:ﬂmm;i AR fayter stage aften entaild a dangerous dryoct condition [ which

ek Wiy (M Koten]  mkatsBmechkpermenscip LR Vapor-ceversd aurface [5 likely o suffer severs physical dam-
Aged eiving Bo the drasde wall iemperature hike,

= 101008 Lappithermaleng 2004 10,054
= 2004 Elrewier Led All Figsa resermd




babbde detachmest Clameter [m)
Bubble ditarhment Mbquency (177
scoeberation gue to praviny [moa-Y)
specilic Latent Bt (] kg™")

specific volume change (m® k')

contat angle (*)
Erermal conductiviey (W m~ *c-1)
siarface tenubon (N m")

density (kg m=")

wall
sl
copper

gl
FITE

EEuraian comdasnn
e the bubbis top

past decades of (heoretical, mumericzl snd seperi-
% [3=5] 4 comprehensive mechanistic enderstanding
Seat ramtfer—which scoeinty for all relevant sub-
. still Leckelmp. Ad a resualt, most of the recent attempiy
b= Bodling eifficlency (Le. HTC and CHT kmprovements) are
: or empirically hased [6.7L Among the farge
Esctory that onuld potentally affect bolling perfor-
e wettablbicy, which i3 usually measured in terms of

= angle 8, plays & unique role (8], On the one hand, by
fdefined 33 § < 007} can effectively suppress bubble

% demonuirated that Ti0-codted sorfeey, when
UV irradiation, exhibet 10 eoenaly high afiny for
e § = 0F | The CHF of pood bodemg oo suweh fiorfases wis
ot two Gimet that of 3n cerzated nrfars Theough
o= empesiening, Otlsiey or 2l [10] were e
s extent the indinddual ¢#Teon of the netling mros-
from efher senabies such 23 surface rpopaness and
B realtn showeed & slgnificantly lnoreases transition
i o Al belling on porous Ipdrophilic sarfaces wihich
2 1o the conmderably endarped capiilsry oo bn
i§. turface topalopy i Uksly to be modifiad a3 4
rticles depaiition. which In tum impoves surface
B and helps explain the exceptionally high CHF [11).
e bulléup of @ pareus layer af nanoparticles a3 &
==layer evaporation underneath the growing bubbics
mtementafly alter the surface adhedon msnclen and
1 to, among other thinpgs, sigrifcant reduction of
—f 1135 Acconding 1o Gerandd et al [ 13], the contacy
B B0 [Indmam=thn-aiids ) hester seemad to drop fom
" E=I6" subnequent (o being bolled in waterbased
o mlica and clmond, repectively The ' resalting
B caingl of Ihe heafer noiace were foond o be
ugnificantly enhunced poal bodling hear rrawifer
proncanced offoct of capilley widcag [HUIS]

§ merging. leading to delayed onsst of Bim boiling.

PRI L S R AR R R e

K Shem of al / Arplied Diirie] Dagiveertag oo (200) |-

Hewever, Lhe balling HTC might detericrate owing o the rurioedly
increased thermal retittance and daclining bubhie nudsarion sites
Torrest et al |16] reported up to 50T HTC degradation on the
mperiydrophdic thin-Alm rerssgmicies-depotited rarf3oes mads
by the lyer-by-lnyer assembly method On the ocwy Ramd, bry-
crophobicity is nown o promote bobble peieration, and thus
rerults in preadly Emproved HIC By means of eleciralyne nidel
plating with 3 suspension of Sne PTTE (polysetrafucontiyiene)
partiches, Takists ot al [17] made 2 puper woter-repefient surfsce
[with & 3 1507}, on which bubbles appesred at extreriely low su.
perheats and quickdy coalesced inte 2 vapor film without depariing
froem the surfsce.

On account of the oppadite effects of murface weltsbllity on (he
belling CHF and HITC, it requires carcful rade.affi between e
deaphilicity and hydrophobicity to aptimize surface design for
bailing applications, etz et al, (18] were able to oeate super-
Fydrophobic patterns (made by Teflon Auoropolyrmer coating] by
tibng photolithograpley on a sllicon wales that was decorated with
random iuperydrophillc saposroctures. The resulting so-called
supertiphilic surface ihowed remarkable Emprovements in bath
the CHF dnd HTC compared with a plain surface. In sur previous
Fhudy [10] spot ceating of FTTE on a hydrophilic TOg surfice wan
Fragral o leaad 10 gonerally enhanced heat tramser performance. In
addition, ene interesting chrienvation Ceeght per sttenton: bubbies
stually Jppearing on the mbed wetabilty surface 8 wery
e APt Tay ST hears, wisch wars conjecriEred o
be 2 result of sene Pwondemiabie: Teide the bubider For mubs
fiied wister (AT = Fug = Ty > 0 for instesce, the anset of rucieate
boiling (ONB ) was found  eccor ot the surface temperature 25 bow
i1 Ty = 85 8 *C, wiell befow the nomina! semiraton ismperature ot
atmoipheric pressure (pamedy T — 1000 SCL The present work
represents our Arst aempt ot understsnding the ofgin of this
unexpecied phenomenan, By using a high-spesd camera, bubble
dynamics—including the departure frequency and dlameter—cn a
tybrid surface (polished copper surface coated with a single FITE
gpat) wid examined, In additon, the tempesature distributions
withln & growing bubble were abtained with the help of 4 micrs
ermocouple, frem whicls we are 2hie 1o derive a rough esthmate
of the vapor/gas bubble content.

2 Exprriment apparaius and procedure

A schemnatic Slagram of the poal bodling test Eacility it thowa [a
Fig 1. Srrounded by fadr Foubetics the plag beiling veaed hud &
vademe of sbowt 5 L {450 men high and 120 omm in dEameterl. An st
hedET Wi uied to compennaie for heat Jogs to the rerrousdings
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the experiment. The bulk wazer temperarire, a5 mpasissd
& E=fype (chromel-alume] Junction) theemocouple, was main-
through halsncing betwesn an  [nremmal water-cooled
Fdf the top Narge and owo elecirlc coll hesters placed
and below the heat transfer Blosk, respectively,
e detudled dinensions of the Beat transfer black are shoan in
3], On the top of the bedling surface was fitted with an outer
Bout 50 mam i diamyeter ared 0.3 mim shick 1o re disrs patential
e of unwanted bubble generation at the border betwoen
et block and ihe enclosing stainless plate, At the centes nf
SEeRrC-faring copper swiface {polShed oo 2 mirear finish by the
%% process with aluming polishing suspensicns) was coated
# siagle I'TFE cirde of 2 mm, 4 mm, and 6 mm i= diameter
[see Fir, 2083, To dncrease the duzzbilicy of the surface
= Boiling conditions, the conted FTTE layer was Matdened by
“Eneatmest at 260 *C The conact angle of the PTFE spot was
by thee sessile drop techninue, the resubts of which vasied
P20 amd 1277 The SEM (seanning elecran micraso )
of the ybrld srfaor (Fig. 3) shows a dear contrase with
19 surface tepography between the 30-pm thick FIFE Layer
RS cdfacent copper subsmate, Dye additionaltyra the relatively
el conductiviny [Ae = 0,25 W= 1= for PTFE. (n enm.
_ wiish & = 400 W m' K=" for copper), the rough-toxmured
s=iaied subregian provided ample sites for centrolied bubdap

ML was applled to the heat transfer blodk by wing twp
; S Beaters (SWPTOT0) with 3 maximurm cutpur power of

W The temperature of the bodling sucfacs was exdragalaied,

=8 & simple one-dimensional (10} steady-state heat cosi-
e el from the emperanine mearrements {with an un-
of 202 °C) by using three ¥-type thermuaesagples
Sded in the heat transfer block d2ong the centertine (at 3 mm,
and 13 mm framn the top surface, respectively, see g, (@)L
s=edly, the low thormal conducshioy of the FTFE caating could
=ity ciuse local inhomogensities in the serface heat fux
Stion, which leads to same legithmate conoerms reganding the
o of the 1D 2asempdion, For this reason, the meass fommens
B the thermocouples might not represent the troe Hncer
= estlenating the wurface temperatuse. [t theald be nosed
S fhat due 1o the extra thermal recictunce of the FTFE layer,
9 model could potentially overestimane the actual inirface
Se= the experiment, the boiling vessel was evacuated thor
Y & VACUNM PLITE 0 48 00 femeve residusl air trapped
e surface. The bottom valve was then apened oo feed de-
waaber [as the worldng Auld) ot the vesss| throush &

idnm

{x) =

S ETemalic represernaon of S hear meilee ok andib) phesss of she
T T,

Fig. 3 TEM i=inde of e bourdlivy hetasen thi FTFE [with £ (30 CTaTing afd Bhe
oapp b iwiith o= T

rubber hise (see Fig. 1] The procedure of degassing through
continueus balling lasted about 30 min All EXDENIMEnty wWers
performtad ar armesphesic presurs [with the tap of the vessel open
tn the vnvironment). The bubsle behavior (namedy, e ilepartre
frequency and diameter} was recarded by using 2 high speed
camera (Fhantomtd.3 with a Nikkar 180 tsm FLBDAF lens) ender
the subcoaled (ATh > 0°C) and, for comparison, sarurarian condi
Lions (AT = 0 °CL

4. Results and discutsion
3.1 Migh-ppeed vEzalizonen of bubble behodar

Fg. 4(a) shows the high-speed images (with a resolution of
840 = 480 obtained at 1900 framesjs) of the bubble depariures
from the ®f-tmm PIFE sped on the beiling sorface ag AT, = 20 ¢
Consistynt with our previous experimentsl resuls [1o), the first
tign of perisdic bubbie generation wat detected at “negative” tus
perheat ATy = =26 *C. In contrast, bubbles did mot Appear unil
ATy = 4.6 *Cunder the saturation condition as shows in Fig 4k b
has lseen reparted in the literature that bubbies MEEht emerge e
WETY how—even nomidnally nepamve—uwall superheats due largely m
the presence of incondensables in the Houid [20,21]. Unier sub-
conded eonditions, the water is Mkaly to coneain 4 certain amaisnt of
dizsoived alr in &n open systern such as the present ane, shown in
Fiz. 1 which could effectively lower the wall temperanure threshald
far bubble activation as 2 rewult of the decreased partial pressure of
the vaper phuse, Wang et al. 122} found that without any priac
Segassing processes, bubble smbryos started to form on an array of
supeshyrdropholsc (PTFE-based nuanocompatites) miceapastorns at
merely T = 41.5 “C A subcooled warer

Mogzbly differ=nt from the largely unbounded bubdie growih
previcusly obderved under subcooled conditians o a unlfarmiy
fydrophobic surface [23), where individual bubbiles were allowed
I spread and merge witheut svenfual desachment fram the suz-
fzce, {partial} bubble deparmure from the mived wettahiticy surface
i evidenced im Fip Ala) On atcoumt of the topographical differs
£rces i the sdge of the FTFE roating [see Fp 31 the horizoncal
oxpansion of the bubble was for the most part confined o the
baundary of the edrophobic subreglan, The tuhsemuent vareica]
growth ultimately led to separation from the surface due to the
increased Buogancy feree. Immediately following the bubhle
emlsiion, 3s can be gren in the fgure, the PTFE arsa il remezined
Blanketed with cone-shaped vapor layer irrespective of the serfsce
temperature—physically defined as local Alm boiling [15]—as part
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(a)  Al,=24°C AT, =16°C v =34°C
hy AT.=4067%*C

& Srheoend ol mages of e InBble depariures from e #i-mm FITE st om the copper suifios seder (2} subcosied JAT, = 3 =01 wd (8] setwasaen [ap = 0

S Bl wwas apparently 1ef on the surface, which constibutes [ATh = 0 °C) condiricns, respectively. The srmor bars represeat the

mtially 2¢v0 weiling perind for bubble generation. It is worth  daga scastering. The results cleasiy indicate that bubile ciection

% that, nstesd of betng completely vapor-capped, the IFTTE eccurmed much loer frequently In subecolsd bolling 210 fu for

2o of the parfzece seemed o be covered with small discyers ATy = 3 "Cowas mtee than three orders of magnitude lower than

unider the fahiraian condition, as shewn in Fig, 4], that far ATh = 0 *C Strons condepssiion frem che sgnificantly

Fthermare, compared with the Jagzed irregular bubble shapes cooler bulk was Largely responsitle far the stow hushle (IEIHTTTEN

med in Fig. 4[E) the bubble Interfaces formed in subcooled resuiting in @ partoulany lorg growth peried before the final

1 appeared much dmoather (of, Fig. 4(2]) whede glze hardly beeakedl, Mate that durlng thar time, the bubblps [nsread of

= with increasing wall temperature, n the mext seoian, a sEanding perfecly stll, apprared to constantly wiggle up and down
data analysis will be perfarmed to pive 2 gusnbisative dce an the nirface

af the bubtle dynamics, Incependent of the bulk remperanurs, f; incgeased with rising
wall temperature for all sizes of the PTFE coating becsuse of the
Satterical gnolysis of bubhle dvnami apparently stromger ConsegUent evaposation, Also nowworthy is

that, a5 shawn In Fig. ), the f; versus Ty relation in the negatin

ged om the high-speed wisuallzstion, statleieal detalls of superhesl reglon [T < T deemed ta fellow seamlesdy, withaye

Dehavior can be glaaned, Specifically, the bubble departume Ay nodceable deviations, the rising mend it the positive teTTi Lory

=y fo was determined as the reciproczl of the mean growth [Te > Tiael, which siaggests a consistent bubhle growth mechandim
o soeount of the zero waitng time) al tsn consscuthes Arwarl

cycles. In 2 similar fashicn, the depasiure diameter Oy was Wh=n plotied against the depastuire diameier (3, the disteiig-

s=id a8 the Intermedioge value bepween the long and sheet awes thons of f exhiblt quite different characmerisnics bebween the cases

Fz 4) shorily after separanon from the surface, also averaged  of subcooled and saturation bolting. For ATy = 20 *C (zes Fig. 6a)},

5 suctestive butie depamires the bubbles formed lram the same FTFE sao¢ st diTerent T, varied

= S{apand (b) shows the plots of fy a1 a function of the surface relatively little in size. The increassd heat fux resulted mainy in a

perature T for te subcodled [&T = 20 *C) a=d saturstion reduction of the bublde growth time (thus higher i) On the other
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B The 1mlEnn bhepmdan pis Mquessey af netbie gesare

under the saturation condition {see Fg Albl), the bubsls

did nor ceasp Irmsmedlately ai tha moment of decachmens
SeEparatian conlinusd a1 the bubbie nterface. Funthermore, dys

e thickening of the superheated Tiquid laver, it seemed chat
wngly larger Bubblet resulied [rom ihe rising surface tem-

a1 ETOWING frequency, no less It shagld b niked chae
s cotrelation [5)

r.aj:l'e,- - r.:'l W
= 'DSE'l-—-T-

{1}
#t applicable here for the hubble growth was limsted by the
2 of the {miple-phase) contacr line at the edge of the FITE

L In Equ (1} o 14 the surface tension. p the lguid density, o,
sapor density, and g the acceleration dise 0 Brdvicy

H&Jm’ﬂ[ﬂu{umgﬂ

e that the bubbiey remained
=yica in subeealad Loiling for
ced in Figs. 50a) and )l
can be probed by uslng &

dltsched o the ydrophehic
AN extended period &f fime {as
their innide flemperature) s
micro-thermocouple with a tp

.zr-n-an]_-.ri'_'il:lum-,'!-.-qH; Tiall Medethat 3 Hlenilar teehnigue
of an fsngherms) lzy=r bensath
witer dreglet evaporatian aned

emplived in the daression
siterface durfag EDEaciy-5iate

(2}

e et mapE RSy MRS TE2E 8 & pruiddry

Herany buestie dRmbal 10 e FIF]
(3} The reteliy i (5] show U {Emperatore

eI dh ube Sarneter enddr 3] Cie wsboosfeg AT = 2301

g bt WESE Einsinirathy bede Yo 1 @tmarpiaric prrtsre,

B in v " "
e {5 ....L [ i
nmzs AT=I0T | —W=pinn ub af=nT - i
- = i I.l"lllll. ] l—?-_
noig ] E -l T 3
] m I -
' o Llc) t - i
Y ,*'"' = 13} .
wl :.u:n;i J _f_: -
Bl Fee f g 4 M =L chid
= *__ — = Sl
e = ] ? =i
a3 ; i
umj-- in [¥F] T £ A u_'| & Fl B 0]
L e ﬂ‘,ﬂl'm
() b}

1 B0 [3] sareating (&7 = 0 '0) sonisrene

rondensation [24], mmiv:m-:hcmu:wple was afficed to 2 thepe-
2xif linear tramelation Posiianer thar was rnowEn e
flange of the bolling vessa),
with MgD thevmal nalab
able to provide reliable

FEIDONEE Hme was lets than 0075
B Fig. Wb} are shown

-
Bhe temperaturs medduremends at
sde bubbles ETOWIngE on the @&-mm
PTFE rpot for the case of AT, = 20 °C ang an the dd-mm PTIE
ol Far the case af ATy = 16 "G, respectively, Oulrs interestingly,
regardless of the syrfscp superieat, the bubhis temiperiheres in
both caten conststently M=) well beiowr the nominal Laturztion
lempearature. Assuming the bubblst tg he womposed mainly of a
mixre of wares Vapor and dissolved pat, we deatoribe fhe heap
transfer mechanism hased an cha bear-pipe effec iFie. B): signif-
itant condenzation in the Vpper reglen of the babble ind micro.
layer evaperation at the base oroumed ar reduced sanurston
IEMmperamure thanks o the Locumuistion of meendersable &ir,
The global thermal balanee between the evaporation 2
candenzation processes—bridged mainly by hest condection [as
Fuggested by the consistent vertical femeperature pradionts |
Fg Wbl —led m rhe particitlary Jow deganire frequenciey
showwn in Figs, Sla} and &), 2nd the Afaretentioned cunitinisiag
arcillagions of the bublle Inperiace,
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Bailisg surfuse

B e tereal bes erasdier mischeeiam ol ar-med butsds 1 futssaled ballag

The amount of incendensable air can be estimated by the dif-

emicn bebween the neminal and aciual saniration temperatures,

= spacific, by vimue of the Cliuslus—Classyman equatlan, the pas-

pressure af the disssived gas o the bobble [Fig B) i approxi=
as,

L
=0 - P —m{ﬂ:: = Tup_:l {2]

T deennmstaemdmtlnnlmpmmp‘m:nhemqf
Subble measured by the micmsthermotoupde [see Bz 7L
the specitic lateny keat Land the change in specific walume
= liquid to vapor &v are bath evaluaced using T {the local
irlum temperananel In deriving Eq. (2], the contribietion af
surface rensten faroe has been cmited on 2coeunt of the mela-
large bilisle size.

Fig Dshaws the caloulated Py obvisined ror different FTFE coaing
ersumder 1000 and 20°C sulbooeling. respectively. [6 scoms
Werdy leveld ol dissolved pad were alwiays present In the
xies, showing no dear sign of declining with vanying wall
seraturs, The relatively stable bebble sompotitlon tsgresit &
mned impact of dissalve air the amaoonr of wwhich appears m
swase with rising bulk temperature as shawn in the Sguee, en
eabed Bolling. It should be emphasized that the spadal vana-
of the cancestrattan of Inoondeasabile gas within the bubhle iy
zaken inbe sceoin hereln which 14 ebvloushy wanth fursher
oration. A% a residr, the effect of thermocapillany convedion
d by possibly slpnificans saturaran temperature gradlents) ks
sSuded from the pressnt simplified medel,

1]

—0— B2 e AT <30 *C —l— & mm, AT =10°C
s [ o mm AT 20 0 —h—0f mim. AT 10T
==t mm, 4T, =H 0

i = 4
n 1 i 1 i B i
B o8 ICH 0z 1 11K 133

r . .

P8 Do resniimy of tha pactal purssre of Seanbend gas preend [n S bl
2t difisrenr walll camipsranines snter che subocels] condzons, AT = 10 xad

4, Conclusions

We liave carfed naf an experimentsl invessigation af the
concredled bunble growh on che FTEE spat-todted sappes surlfaces
umiles the mubcealed and saturation condidens, Bubble generation
4| extramely baw—even pominally negatve—superheats in sisb-
copled holling was confirmed. The lewecing of the incipience for
Bubive nucieatdon was attributed to the exlstence of Incondensable
fas in the warer, whose concentration (partial pressure) within the
airfrapar bubbles was determined by maldng use of the mice-
thesmoeouple, Additiorally, the bubble d Frequency and
clameter were obiained baged on the high-tpeed image analysis,
which exhibired vasely different features between the suboasled
and sanurstion chsed. Dus ta the wettahility gap hebween the FTFE
caating and the copper fubstrate, partlal film bolling prevelled ea
the hydraphabic subregion 48 no waiting fime was obsenned be-
tween seooessive bubble emisstons. Notably the extremvely long
growih time under the subcoaled condition was explained by tha
Dieat-nape effe.

More evidenee in regand o the Inflluence of diizobeed g21 on the
bubsle farmatien i curmently being soughe through experimenal
efforts to eliminate inoondensables from the subwosied waler
altagether, Some of the preliminary resoics, which will be pre-
semted elsewihere, dbew that the ancel of bubhle nudestion could
be effeetively delayed by creacing a “clated”™ sstemwith tharoseh
degassing. Yeo the more puzding question cancernd the inital
seeding of dir-rich bubble embryes on the bydrophobic surface.
Further Envesrigarian dn this direction oould bead o mare sxcitng

physics,
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