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pposfanse B Cae dndeepdelaliet wi pes Fid i
Flus cArepy Tfanelisd Fonwile &3 Wil o swgehey coae
coadles dats fod wolve febrivin.

Whea The Yiew!d i selarerded, the vapir gctelslisn
fn f1dw boiling fr eyppeonsed, e Migwidoeelid weae
Tecl, atf this aiabic ¥iim Seil Bt abnetwen by
Bradficld {13, and 5t whr Fouw the Eiauid 2ube
eooliny sl twriacs Feuphdens fal e Iant aled So
the oreuwesener of senisciz Bax wd Wekrs (2
calenlated the perivdic gusnck tase blien Ybaile
Eog tepine wming ftansifisg be 4% Cepnnfes Sarx,
Bal the rerwelis canned b oenie fod te i%s fim
boldiap trpiae.  The fandghily yeod csbistdE a
qeidediquid Yl ballieg ootived By Hraow 55 33 (39,
o expetftentn Jor lipkter iy Qevanfy. Eexenslr,
Swanson X al. {3} measueed 1% aarfare Ewapers-
lure watdativin 34 ¥iim Pollin connd bedhed ABE Coie

<0 hypothesin,  Hewewed, thew, heby Pegitecy
.e{haa. Ehey wire a0t able fo at > ﬁaaﬂ!%{a!‘rr
desctiption of the contast We"ar:v:. te o Feneat sagp

¥y lovie vt al. €30, The d3oecd eyniacl hrat tean e
ol drops o o wall aas fucluded in 5 geded #f Sinpee
Flow Beatl teasadcs. The everall heal tyasaley <als
Vete enttelaledd tul pince ihe vouiagl heal Itessfer
data are uot awallable, the propused doded would aeg
be cunfivesd

In the present experiseat, e hydredpasniec fosta~
My induced Higuidexodid confacir of saturaied
othanal oad vater ate exomited by clectfic ronduvissic
prodes.  The ab)eciive of thiz paper $x (o Savestigatc:

& The watlous auclestion protcsscs ncat the
contact Intceyface,



b. ‘Ihe liquid-solid contact brhavior fn filn
bofling, c.p., the atca, dufitlon, and fiequency of
contacets.

€. The contributicn of contact heat transfer (o
the everall filn boldlleg heat transier.
EXPERIMINTAL APFARATUS AND PROUILURES

These £3)o bodling enperiments were condurted on
the copper plote §liusteated in Fig. 1. In crder Go
Prevedt exceanive oxidatien of the eagper at hiph
tenperatures noeded for (his boeiling regine, fhe uppee
pulished sutface wf the diah was bialed with a 3% o
6ol pold Jayer, which vaz YH.9CE pute.  Toe sinitap
Chaemal pfopcition of tae gold and coppe? azmure thas
the interface thernal belavios will nst be sipadfi-
cantly affericd durisg luwiderelid ceatpacts.  Eodbale
aud other inpusitien 0 cesmrtedally av
gold wore oltarved o oxidize 2t fhe clevatsod Lenpora-
toren wliieh tecozditoted the wie of fhe sely gold
plating.  in additien, atace physival and chendcal
cleendinesn vore rescflial, U150 expetifeslis wele prgn-
forned $6 At atpon gas plave havg, nﬁ h Pin
batne portituiale fngutrities snd
eeldation pntoniisl for aby fovad
the poft gold. A3 a final presav
Erade clhaneld and [eipic !
vere uwned ag bolliang Piguids.
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Fig. L. Schomatic of sapavinenial seleup.
The eopped plate van healed Idam belew
heater and the wall Irafesatnte wao feanus
prounded nleaid (tietiwvunie $tseried I
Yelew the ﬂhf‘!.#:c- Tae 3:*;1.;:‘--4*

coﬁeuaza“xw Lelvesi fhe s¢335
solid Sinh. &z $liustrated §
faneted $nin the §iquid to v
sutface, anf the wallaze 2452
waR gocogded

0l -l
by o semngy u;:siiaa\:wc. 3

L
ehlp Potween the FEIn Dolling behavior aad Ihe voltape
signals wan cxxaised b néiH—;;-ré rawics which wi

fancourly terusded the 1iguid hebaviod and the

sscilloncope trace.

In cenducting these onpedisenis, the dizh was
firat hesied o 4o desited tempetatuse and thes the
Poidbnp Jiguid v pruesd onse the sutiace. I this
expirinecnisl con ipuration, the vreiilating liquid
Poundary and the 2elid wall ear provide 9 warping
electrical capacifanes. In efdet Lo ancetiain the
taporiance ef ruch a varsisy sapaciiasee as the vol-
tage aiznal, fezis uere porlicened with d3ffcrent
edectrle conductivitior By adding einwic amounts of
N0y to e water. The additive should teastn $n 2he

vater a8 oppored to the vapor film. 1t was obuerved
that the voits;e oulpul was propottional to the igutd
eleskric condus Civdty aad the nutmaliscd sigaal shapes
cematned the rame, shidch dundaiatens that the Cunt?ibu-
Rlon of wvarying capacitande xan {nnipniftcant in the
obscrved nipnaln wliich ropsencnt phynical digquid-zolid
contacts.

EXPEREMENTAL REsULys

Effvetn of Wedepdrasmiy

¢ Sontability

The filx boiling heat trannfvt process feon a
hord zus = 1 #lat plate fas boen mtwdied oxperiovalaily
antd snaldriivally dn feems of the Tavlsr §nsfability
phenstenon. 8 thiz ecchanira, the vapes de fatoved
freos the healed sutface Shtowah waper domen thivh prow
Liate Jarse bubblcu, depare, avd allew the liguid te
Friuen Ta the seriadce wilth ailermate wapat ¢~»vn being
trteiated af the anili-tode bolveel fhe eripinal boablies,
The o'ulatee beluarn Jhose depatidag b dibilee seat 1he
sinimy 130 boifing poind Mae stopased by Brsenses (6]
o he egual e e Ront danpolens wave Ieugth diciated
Ly thy Taviet fustabilivy.
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Thie epacieg vas demosnieated in the experinents of

Homley amd Vertaates (7)) 3o be 3 geod avelspe gopges

sonfatian of the vare? depatiste senfitions, The high
apeed eevlen Yaken Lo 85 weaied enpedinen
that the avrtale ,t".a-a‘i'c; g 297 ¢m wbicn in
s at‘ivm! BEE s Sedietled waoue ¥
by ¥g. (3). Fetinee chtrafon’

1w lnv somenkal Lo She pTe .4:::.<.v~: By

aguars pattesn of bubblen and fhe nest dasgetess Wave
Yeagth, But $his fr pitedibwtakblc Cw Uhe edir cfical ud
the §énite siar of Sigmid lared That would be wncod o8
h jese,  Bitce Se Berk b daBperRe Sie fesnpil
thia feal §i Bibce Re Denl dosperres wave fengih
for ethanrl 3o feze Fhan Thal I waler, the vdpe

effcet §n lrnr niphificant.

In prescat r§f¢:incﬂ== vf raturated liguids, the
wagar iguidica {d genfaciz wrrufd vhes the bt:'x'»‘;r.-
departia frem 3 plved mwde and the Jiguid sefeavie back
towards the pud ace.  In there capefinesiu, vsdr Pinuid
gletules whih wxte fweh laree? Thas fhe fms! dangcions
save leazilh wvete wiiiined 2o 1hal the ftescte wf thnc
Tarder j6ntabiilsls shonemeots, 384 Fho areocipnany ity

merhanival diztufiandies wote deltaticdy peorent.  Thene
Tatge pithuled prewent I8¢ ennel of weiantabde eflccts
a3 ehovrred by Jounelzder sud Hetglickz (E) fov amall

deums,

In this study, sevctal Ixprs of liguid-neldd cen-
Tactn wete obnrrv, 3 within The $iin boiling seyiome,
asd Ehene ate chatasclerized $ in. I, She £38nt fype
of confact vea § whallee bubble whigh £id wol detash
frea the tlguid laree, bul toved towards The periphoey
of the liguid laves aad Fimally eavaped wheo 30 feached
the outet repleaa.  Ihis Orpe wl nw.e.;u produisd a
coftE daual fraveling ¢ontail slend the botlon intreface,
This type of ventarl foeoudd a gnai] apnituee bul o
loag duration sedtoct o the ozcllicecape. Wheu the
dianeter of the Jiguid layer is nlightly iscfvaned,
pingde dubdlea appear and detavh at the centet of the
layey vith tedatively tow freguenvy.  An Ldiuntdated
Sn Fip, B}, vienever o bubble detaches, the ligudd
lagrs coldaprcn onto the xolid and dizmtiave liguid-
goltd conlacls arc ohaveved. Iheae may be voepond of
8 proup of contarts with the Bajor ones belng sotw
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Schematics of thoee trpes of Mguld-nolid
contact ip horixnutal plate film beiling.

¥ip. 2.

promfacnt and the snalies vacs vesulting $n saall
fropnenled drops whish then leave the Higuld layer aud
eputler arcusd the hot susface.  An the disvrtey ol the
diquid laver itnteaned, note babbiea appess and the
contazts are choeprved with highes Iteguencien,  XNhen

L3
the depth of the peal in Jutther dnvteaned, an d
2(e), bubdlen are wharsved o detach and fine veviics
ally withisn the Tiguid with a Yigutd job teplaping
vpon the molid af the goeint of kubhle depazture,
additiunal minos ate alnu wbnervdd af the
perlphery of the liguid ponl and thene appeat to Ve
fndured by rurface tiqplen.

Saie

eostacin

The bablle dcetach frer  ccfer and the Miguids
eodid conisct froguanaden were obacrved 3 Yhe caperie
men? theouph the fpeie and vevilloneepe sezulfze. Both
the freguencles are foumd fo be luray prepottional te
the diffezen e beluren Ihe solid Teaferatuse and the
Yquid raturation Tcuperatuse. Az In shown dn Fig. 3,
the $roquencies of maler liguid so.dd coniasis i
about 1.5 thoes the Subble freguencles.

!‘ - 1.5 E§ . £2)

1t vas reporied that a7 suek Bigher temproaturee
tho bubblc penctation 2a%¢ $5 2o high 1hal rhe delach-
g of bubblen may ool fisduce anii-sedes (91, A2 4
resul?, the volativaship betveen the fwe Jreguencies
showld eot br extetded without verificstion o Yene
peratures far boyend the tange of presedlt expesinent,

Effecte of Contzef Inteeface Tobursalure

There n3e neveral Temperatuves woed to ehavrscter-
fze the physical behavier in ihe Tiin boltllng provesa.
The tvo mont coumenly wned femporaturet ave the (luid
satutation btanpetature and the wall tempreatuse vhich
geprenent a value teasured by o thessacouple Inhedded
withiao the solid wall. Anethet femperature, thot déz-
cursrd by Heary {10}, iz the intreface fezprratuls upon
contact botwech Che Liguid and the wall, and this can
be evaluated {rom the parabelic beat copdvelieon egua~
tion with cenclant theemal-phynical prepertics awmd
unlform Llaitial tempesatures within the vall and the
8qutd {11) by

50 v e
I { T l 1
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Fig. 3. File botlfag bubbic frequeney and Jiguld-roiid

contact fyequency of vater.

Thin value reprerents the {nstantancous coplacl teupeca~
tute as loug ar the Lize scale o interest i prrater
than §0742 5. Thi, isterfsse fenperatuse can be
crprenbed $0 a nendimensiensl fora in teyns of the

fFludd saturaticon terpetalede and (he therdodypasic
critical Tempryatsic aw

(CH

Tve ofher Tesperatures of interest ¢n the Intcepro-
fation of thene experinents are the tncyeodyaanic
eritlcal Cteaporature aud the epontsavuys fucicalion
feaperatute.  Spenlasccus suc'cation cepulin fom
denctity Jluctuations within Jbo belfting ligquid asd can
be caleulated Teow clasznd.al nucleation theory. Tice
frequency of format/on sof criiical alze vapor cavilics
in reprenented by (137

Joan (?I Virmy (=9/KTY, £5)
e

vhese W fs the work requir.d to form a ctitfcal size
sphicrical vapor Lubble and can be approximated {or low
pregaures by

Ve un’l(u)hi)r'?), (6)

vhere the functfon {{0) is & funcifon of the contact
angle through the liguid ond can bz evaluated (rom




£(0) ~ (1/4)(1 + cos0)? (2 - cos0). o
When the contact angle equals zero, the critical size
cavities arce formed solely within the bulk of tne
botltng liquid and this torm of sponvancous nucleation
18 termed hoxogenvous nucleatien.  For other values of
contarct anpie. the nucleation us still spontancous, but
the critical siae vapor cavities arc formed at the
interface bLetween the bolling liquid and the heated
vall and this is termed heteropencous nucleation. The
opontancous nucleaticn densitics of ¢thanol and water
are shown in Fig. & with dificrent values of contact
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Fig. 4. Spoatancous nucleation density of cethanol

snd vater.

angles.  The nondinensionalized homogpencoun nurlaation
tenperature of cthane? and vater dx 0.69 and 0.74% for
nutleation denaftien equal to 100Y per em¥ per v, A
third type of nuzication shich nust de contented vith
10 Mguid-rolid bolling sestent in 3 nucleation fron
proferred oftes with & pre~exdstiong Jiguid-vapor §nter-
face. It fn thin kind of nuclcation which poverss the
nereal nucleate boiling repfue and corZada perifens of
the {1lp boiling iepine. However, as the {nteriace
tesperaturys cpen cuntact becoeme extremcldy lagge, the
howopencous avclealivn rate increases by orders of
wagtitude and becenen 3 predosinant twchanism for the
formatlon of vapo: eadryos. If this {requency range
and the cerrespending periad far excevds the response
time of norsa) rurface savities, then the fils bejling
behovior may be entircly dependent uvpon the zpontant-
ous nuclcation characteristics of the system.

In the cxperiment the liquid-solid contacis ate
observed as valtape sigrals vhich indicate the cor-
responding clectric remintance dcrosn the probes and
the solid dizh {6 a contact. During a contsct, the
electrical path In the liguid 15 composcd of twe
geglons. As fliustrated dn Fig. 2, onc 5 o shallow
Aquid eylinder making contart with the solid with a
helpght cquals the vapor f1in thicknens and the ather
reglon fa the exteaded Jiquid layer shere the prohes
are faserted in.  The glectric ceaistance ot each of
the tvo replons can be approxi=ated by the resintance
detwcen two parallel dizes. For the paralicl dinc
geometsy, the reaintance s lnverscly proportional to
the kquare reot of the preduct of the dire arear. As
8 result, the voltage sfgoal, v, and the arco of con-
tact can be related as .

®
men N\’ @
AR

()

vhere ol is the vapor film thickness which can be
estimated from (6), K is the resistance across which

the vontact sipsals are measured, and A is the vifec-
tive disc arca of the prubes whiach wvas cvaluated through
calibrations, Additionally, the conlact area can be
presented as a fraction of the arca of ovne bubble site
which vquals A7 for square pattern bubble distribution.
Therefore, the fraction of arca where a contacl covers
is

<je
]

L+ pl

A
as-A ®
Y

Based upon these arguments, Fig. 5 is established to
esgluate the contact area fractions from the contact
voltape signals.
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rag. S. Whe relatict between norsalized contact agea

to the veltage reading of the coutact sipnals.

It wan found that the liquid-solid contarts pccur
over wlde temperature ranpe.  Somc typical sentact
sipnals of erthanel and water on yold plated copper afc
shown in Figs., B and 7, respeotively, with veltuge
sipgnals as the ordinate and tinme as abscissa,  Filpuree
6{d) o 6(g) and () to 2(f) (ontaln supericposced
contact nignala.  The contact area fraction of cthanel
and water are preschted in Figs. B and 9, reupectively,
as a function of the nondiacnnicualized fatecface
temperature.

Fipure 4(a) indfcates the persintent larpe area
cuntacts of thanel. At of below thisn tepperature the
vapor film oay collapue for perinds of scoonds white
(ilm bofling ¢xizts dntermfttently. Figures 6{b) and
(c) reveald 1ot at these temperatures some of the
contacts cay persist for mare than 00 me but cventually
detaches. Additionally, there appears some 1aTjc Jred
but short fime contacis as iadicated oy the sharp spikes
on top of the lonp contact signals. When the interface
reaperature 4o highee thaa the hevopoenvous suclceation
teaperaturs the contact signals chavpge. A% {llustrated
tn Figs. 6{d) and 6(c) the large area centacts detach
{n ohort time while the small arva contacts persikt for
longer time. The s2all area contacts are atiributed o
the liquid ripples nwecping over the dish surface,

This iy simtiar to the mechanism which was obucrved by
Horeaus ot at. (31) that the lquid ripples move (ron
the dottce to the top of 8 cylinder &n {1lm bolllng at
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Fig. 9.

a8 veloctty between 1 te S efz. Figures 6(8) aand 6(g)
show the ventact sipnala when the (nferface tenpera-
ture $6 boyond the thernodynazic orftisal temperature,
Host contacts ate Jory than b onn and contact areas are
abour one order of wagnitede lexs than that at below
thervedynasic critical temperature,  Figure € nusssar-
{308 the arcas and durations of contacin of cthanoel.
It appears that belos the thermodyvaaaic critical
tenperature the akicun contact ared deeseancs oxpa=
nentially a3 a function of nondinensfonal interysace
temperature,  The duratien ef rontact aluo decreases
ag remperature increasces.  Hovend (he thermodynanic
eritical temporature the Jong contacts dimappear and
the ctaracters of coundasis are ao longer a strong
function of teaperature.

The conzact sipnals of wvater in [Llm boiliag are
shown 1n0 Fip. 7. Sinilar to the perristent contacts
in Fig. 6(a) of cthaval the persistent contast signals
of water are shown fa Fig. 7(a). Fipures 2(d)}, (¢},
and 2{d) (ndicate that cost large area contacts detach
in short tine while small arca contacts which arc

tnduced by sweepiag ripplen nay pernist for longer
time,  When the Intorlace tepperature 3 betveen the
hosupeorous nudleat fon tenporature and the thegoo-
dynacic c1itical tenperature, the typical contacts are
shown 0 Fig. J(u2. The contact durationy agre Ghert,
At heyoud thermodynanie crftical tLomperature oust con-
tacts are selativciy woeeth as dndfoated In Fig., 2(t).
Figure T(g) stovs the contact sinnals of water with
pool depth abont h rn. Perutnten? contacty 0 ordef
of 100 v are chuetved. Figure 9 syraarizes the water
f4ln bodling contact data.  Faor shallow water Jayern
the conlact tites are albvase less than [0 ms,  Both
the contact sreas and durations are ast stsonply dopens
dont on the Interface tempegature.  Fes deep powl 1is
bodling the ventacl areas are sipadfiantiy larpe:
than that of shatlew water 1aysT and decfeated CApoBon-
tially sith incresning inteffacy temperature.  lang
contacte, over IGD o, are ebterved at doep poel eniy.
However, at bheyvoend thernndynandc vritical temperature
the leng contacts dinapnear and the depth of liguid
doet nos affect the conlacs behaviorn prestldy.

DISCUSKIONS OF FESFRIVLNTAL RESULLTS
Effects of Wetting

At the contacting peocess dn film botling, the
vapor filn belucen the liguid and rolid bas to be
pguetsed vut. The Yhin vapor layer may exint orip-
fnally vejow the Jiqulsd Javetr at tiin bodling or
pencrared by the evaperation of the sxpinging liguid
Mhen §t approaches the supetheatcd ar near the
roddd., Waldram «3 al. (La) found 1 vien o bguid
droplet dnpingee onto o igudd nuifance the Jutegtadiale
vapor file will dentabltoe wacn the drepict hincian
CArIRY et utidil praejection afea cRceeds @ erftical
value, The vapor $3le uiabdlity 4n ajso showo Lo he
A functdon of the suslaze velling plopeTtive.

In the prenent expoerinent, before dnpinging to the
solfé the liguid haan a gravitational peteatial enerpy
carresponding to the keight of the buhble.  For casc
rhallew iigquid lavera the ligeid callapues Lo an aveq
equivalent to the projeclion arcs «f the hubble. lHow-
ever, §n doeep pool fiim bodling the subncquent §ot
foplapes the toldd over 3 much rualicr ares thas ihe
Bubble projoecticn ares an illustvated 1o ¥, 2. Az a
tesult, the irpinping kincetie enerpy pet vl areca s
Bush eironper. Thetclfore, larper cotitact area aud
lonpier centarct tiz=e can be expected for deep pood fiie
bodling due o 10 betler chasce o confict and wet the
solfd., The different ventacy dehaviers of decp peol
and shallow Mguid layer fils boiling =ay attribute o
the diftegent dzmplaping mechaninas,

of

The transient woetting ability of the liquid to
solid may alzo affect the liquid-solic contact and
thedp detachaent. 11 §o obnerved [rem the atleady state
contact angle experizents that cithasnol is a nech betier
wetting liguis than vater at roem Lempetafure. It s
also knownh thal as the liquid temperature dncreases the
contact anple decreases and cventually cquals Lo zero at
a teoprrature vhich is between the boiling tesperature
and the thermodynanic eritical temperature of this
1iquid (13). Gemrerally cthanol has a contact angic
close to zero. As a result, when the contact dnlerface
temperature is below the homapencown nucleation toen-
perature, the heteropeoncous nucleations are apd fikely
to happen for cthanol, and the major mechanisn for
14quid te detach the sulld is by nucleatlon from pre-~
ferred sites on the soltd. To allow he thermal
boundary layer to grow and bubbles to merpe and foro a
vapor blauket, rclattvely long time is required for the



1iquid to detach the solid wall. On the other hand,
afnce water generally has a large contact angle Lhe
heterogencous necleation at the faterface Hikely to
be the dostnant suvleation precess when the contact
interface tewperaturce is below U e homopencous nulea-
tion temperature.  The detactment of contact will be
fast. In present experinents, the ditference of the
contact duratiens of shallew cthanol and water may be
atiributed to their different contact angles.

The Nucleation Precess

Ap discussed previovudly, there are several dif-
ferent nucleation procenses, cach bas Jifferent
threshedd tomneratures, and when more than wne oucleas
tioh process a3 pounible thew oceur ow a comperiive
base.  The nucleation frem preferred sites w
descrfbed by Heu (16) that the aucleat{on vill not
occur until the thermal boundary laver 4o sudficiengdy
thick to zupport a crizical size vapar tavity. For
this kind of nucleation 1o ocevwr §t pay take relatively
long tice. A similar model wan propesed by Henry and
Fauske (17) for the vapor cxplesioa that the spon-
fancous nucleation «aanot proceed until a sufficient
thick thersal bound. o layer has been doveloped to
supperl the grovih o! the vapor embryon o the linit
of thedr stability. it follows that the upontancous
nucleations occur {n o short time after contacl,
However, §f the iInterface terperature {n bigher thun
the thermodynanic eritival ferperature, the nucloation
ptocens in ot meatricted by surface fension any wore,
It $5 o procest of properly change and can occur at
the Interface without an appreciable tine delav,  The
diquid~aolid contact will be terminated in a short
tige.

It wan obrerved fyon the results of cthanoel and
water 1hat generally the contact duradicsn decreaves
the dnterface tesperalute stcreassn, AL hevoad the
Oynamic critical tenperatuere, all the costasts are
ghorter than 10 =s. It appears that the duration of
contactn an filn Loiling in dipendent on the dominant
nucleation precess at that {aterface temperature.
Bewever, tore definitrive experiaents are rteguired to
reveal the details of thce nuclectios and detaching
processces becaune the ncasured contact daration n
thiz experiment includes the time for bubble growth,
merglog, and the formation of vapsr iayer at the
fnterface, Addizionally, the deoasured total contact
ticme is deopendent on the extent of coherency of the
1iquid iopingemoenrt.

The Contact kErat Trapsfcer

By nepleciing the microlayver evaporation contri-
bution, the heat transiecr in a ligquid-molid cemtact
can be cvaluated frow heat conduction consideration
alone and gives a conservat.ve estisation of coutact
heat transfor. Assumiog the nucleation grocess does
not affeet the heat conduction fa the liquid, the heat
transfer can he calculated by transicat beat conduction
to & semi-infinite ligquid repion with a constant
interfacc temperature. This gives the transient
temperature profile (11)

T, -Te(F, -T) ert -5\, €10)
] 1 2/::;

The total amount of hest transferrcd through & contact
area A in contact duration at is

At
Q = KA ‘/:;; T, -7 . Q1)

For alternating contacts the heat (lux has the form
X
o = Mt ‘/_“l (T, - 1), a2

where a fa the coatact areca fractbon and £ s the
contact frequency whivh g 1.5 tizes the bubble fre-
quency [ Sinde (U vas obseaved in Fig., 3 that the
bubble frequency is lincar propoertionst to the nen=
dieensfonal intettare tempetature, the bubble frequency
can be prescented an

L]
R
'

i,oin

- s 3
» 'b.nln T amn

wvhere the subneript min neans the valus near the olninus

fila boiling tezparature.  The bubble freguency neat
filo bosling tuemperature was prediciced by Yuber (18)
and conf freed by Honler and Westwatvr (J) as

. V2
. 30.7% .y [__ ﬁt.A_.ﬁ‘f._]
(ST S(Dl - Pv)
t/u
L
[r.(nl - ov)] ' (14)

The long ceontactis of cthanol at below homopeneous
nucleation tenperature whows a contact froquency wivloh
ca a0t be dencribad precisely by Eqo (7). The ventact
frequencics moasuted davect]y from the oscibloniops
traces Lre tued Jor thin specific group of loog cone
tacts in the cvalvation of the contact heat transder.

Figures 10 and 11 show the contribution of liquid-
aolid contactl heat transfer to the §ils bolling hivat
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transfor ot diffetent {uterface temperatures.  The
fi)n boiling heat fluxes are obtained frem the experi-
wental) data of liosler and Westwater (7) for water and
of Brozley (19) for vthanoi. Generally the centact
heat transfer deereases oapounentially with increasing
Interface teoperature, then maintaining a coastant
level at beyond thermodynamic critical temperature.
For the case of cthanel ncar the low temperature end
of filn boiling, the contact heat transfer is signifi-
cant, vhile boyvond tucrmodinamic critical temperature
the Jiquid-solid contact contributes less than one
percent of the overall heat transfer. he comtact
heat transfer of deep water pool is about one order of
pagnitude mere than that of shallow water layer at lew
temperature erd. As the temperaturc increases, the
eflectis of liquid depth diminish, .

In evaluating the hcat conduction during 2 liquid~
solid coentact, another cxtreme coendition can be con-
sidered that Is to assume~ the vigorous aucleations
oceur at al) the t e during a contact. Under this
condition, the contact interface temperature can be
assuacd to be at the saturation temperature of the
1iquid at vhole contact duration. Then the heat trans-
for through the solid wall is in the form of

» 2k At _
9 = &kaf "_a‘ a, - 1) .

Typical results of this calculation are shown in.
the upper curve of Fig. 10 for water. In practical

as)

circumstances the assumption of semi-irfinite liquid is
apprapriate ot the early stage of the countact duration,
But the tnterface temperature will deercase toward the
liquid saturation temperature after the nucleatious
vecur near the interface.  Since the liquid-solid con-
tact duration of film boijing is short, the overall
contact heat transfer §s likeiy to be in between of
these two estimations but cluser to the lower ote. For
more definitive caleulations, detailed knowicdge of the
nucleation and detaching processes are required.

In practical systems the contact hcat traansfer may

play a very inpurtant role in film boiling when varia-
tions of the surface pro; rties are considervd. One of
the examples is the filn ./ling on a metal surface
coated with low thermal mctivity {ilms (13, 20).
Since the coutact inter! teaperature will be lower
for thicker coating, it induce longer and larger
arca of liquid-selid co. . AS a result, the con-
tact heat transfer will (catly increased aad
sinilarly the overall {3, viling heat transfer.
Also the truneition boilaag will occur at high.r
temperature.  This phenoncna was empioyed in the
augmentation of cooling of fins operated in film
bolling regime (20).

CONCLUSION

The hydrodynamic instability faduced liquid-selid
contacts in film boiling are observed over a wide
temperaturce range.  The arca of contact is liquid depth
dependent. 1o generally decreases exponentially with
interface temperature and finally reaches 2 constant
value at abeve thermodynamic critical temperature.

The averaged duration of contact is influenced by the
doninant nuclestion process ard thus dependent on the
interface torperature and the wettability 28 the solid.
The frequency of the major contacts ia about ).5 tines
the bubble « ching frequency.

The he: ransfer due to the liquid-solid contact
@av account © a large percentage of the overall film
boiling heat :ransfer near the low temperature end of
fila boiling and dccreases exponentialiy as the inter-
face temperature increases until reaching o stable
valuye at above the thermedynamic critical temperature.
The contact heat transfer in fi:m boiling car be con-
sidered as an extension of the contact heat transfer
in transition beiling. The overall film boiling neat
transfer is the composition of contact heat transfer,
vapor convection heat iransfer, and thermal radiation,
with different importance at differcent tcemperature
levels.
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