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ABSTRACT
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l>. 'the I t i j u t J - K u l l i ! ri'rUiu-i fevliavier t n f l l a w a t e r o» op|ior.rit t o tlu- v a p o r f i l n . I t w a s o b u c r v r d
[;., the aip«, littc^tlou* And {tp«3upncy of that the voit.v.t." output war* propose tonal tt» tlu- I liju

contacts. e lec t r ic cumiti* (Svity ;s:uS Kin- funn-iM.-* t! f;4t;i).il hlt.ii*
rcvuitnrtj thr r..isr, vislvfi imin.ttpr; UtJt 6h»* vuncritm

e. The ecntrifeuttun of contact heal t tansjfr to «Ion of vatyir.r; r.»p.ic K.i:nr «j:. ii::;ii.iu! U.jr.; t» ihc
the cvc-rjll f i b boning IK-At ir.mr.irt. oliscrvcJ nlcn^lr. v!:iw!t ( rptment phyr. n.U 1 !«ju id

contacts.
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>e l t4 ccn[Jv-!3 ate otiarrvcJ. tt irse *4]r t": ecxs^asvi) uJ

ccm«ar«» vJth the major e«p» betnc «n>ro



<ci nJfk JL <f«-
j : . 2. Srltesatirt, cf thr . c «yf«-8 «f l iqul<!'selSd

contact So tiapi ='«{>! I {.Sale f i l e t i t l i n g .

t am! tls«- er-jtlcr :•»<•% r e s u l t i n £ In s-st-ilj
fraf,*«i>u-4 d r u v '•*>>'•> then leave the !it,«iii I«>'••»• and
(EtiUttrf aj«u»;ii !'.r hyl r'U:i+vv. Ari thv i5ift?->-t*r w! tltc
l iqui i ! lay ft Jtn sr.-.Ktii, :-.<»?«• bob!* Ira ,i{-;u-.-,s a'.ui the
C&ntAtt!; ate c:l':.«-e v*'*I v i l b hit:?"! J{e(jt:«>ji*K-r;. When
(tie iirpih ui !tn- 5>«<>'! »f. !u: !(•<•: 1«.-Tcjr.c<), .-•" '.:•• >'!{;.
J ( O . VuMOra »»«• ..t.':.^V<-.j to ,:,-:.<»-!. .TO.! >!'-<• VcftJc-
* l l y vSUiSn tti<- lli;wsJ v!l!> .1 li^wsd j<-! Irji ins: 5:1,:
Cf»«m th«* sola** -at tUv jn'itvt *»*. l.^l:;^;r t r t ^ - . l u i c Sv^r
ai.\!it it,'::.ii dSt.nl ( o s u c l : jit- aiou oticv!V<^ .is itu-

The tul.'..Jf 4>-t»>h frr', , - t f « .ia<! thr !S<;uii!~

(tie due It ;.'n- ««•••»<• j n i ati< i i tanrc^r r«-r.ui?». ?>ftfh

frcnucnt

i t vas rc|«>rtp«! !.'iai a! jiafh higher tfc-.pcsatwrcp

tug «»f in&i>)<ti i u / :-.«! S«4s:r« a«;i-p«i»1it'S <^J. As 4
r e s u l t , the t O a t ".«nsi»S5> l>rtv.-»-K i!!<- i m Jn-^isriiiJicw
•houl(i ISOJ tiir ck(r»i!«4 v j lhou l ««•» SS Uasieft It- Srst-

1«C Ihr phya
Itte (ve» vwnt

a;iirraiHrc!! w»r4 10 tttasactrr-
in l!ir S i t» t>»Ut«f. pftJVrss.

a value nrasurc/J fcv a shcftsocouptr iRNrjiBt-d
v l t h t o the ooli4 M i l . »\npiht-r Jr«i<rr3{wir. i l u i Jsf--
cu*«cd by Itrnty <i01 , ia sf«- intcfSact? sctpj-fiisur** « ? P
eonlac i tFlwi-td the U<tuS<i an>3 the waiS, anij 1 M B <-4«
he evaluate*! <rp« she paraliisUv twat eor»juciipn eijwj-
t lon v i t h constant t i ie taaj -phys ica l preper t i e s a«>t

I n i t i a l trsprratures wi th in the v a i l an<S the

BUBBLE «ND CONTACT
OF WATER

B. 3. Hits !i<iiU:-.f, hvtbtiU' (tv-tjuency sm! l i t julj- to;:J

(3)
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«a?erjturr <a» be

" T -

uyes of i n t e r e s i (n tisp Intcrprc
rnts are U;c tnv-5'ts«ijyn«»t<.-
d the &^o»td;EV(»(f!i KucU-aCivn
us nuc'.-•'Xiou re»utt» { t«3

f tuc luat io»» v i t h i n .he t o i i l d s I><;;<!J .i»ti ran
be c a t c u l a l c ! S;c% tiast iS .dt nvicH-Afjen theory. Tiie
frequency of f<.f^s"<>R mr c l i l i i ^ l aSsc vapat u v i i i o
ta re$>te»en«eiJ t»j' t I J i :

TVo osher irKjies
l a t i e n of these rxper

teaj*effllMrit*
Spent.

J - « .«>• <-«/KT).

vhe;e V is (be vor>- feijuif- J to foir: a cr i t ical >i:v
spherttal v.ipor tylitilc snti <an tic approxScatct; {or lew
pressure* by

where tht tunetian /<S) i t a turn"Ion of (he contact
•r>(le throuch (he liquid on4 can be evaluated (ron



f(0) - + co»e)? (2 - cosO). (7)

When the contact .ingle equals lero, the crltic.i l s i i c
cavities are fumed solely within the bulk of me
boiling; liquid and this torn of spontaneous micleation
lit tcrned hoxogencuus nuclcaticn. For other values of
contact am'.ir, lliv nuclc.iliun is s t i l l spontaneous, but
the crliic.it si.-o vapor cavities are forned at cite
Interface between the boilin>; liquid and the healed
vai l and this is ters-.ed heicro^eueou» nucleation. The
opontancous nuclcatlon densities df cthanoJ and water
•re shown in Fig. 4 with different values of contact

to
IBO 190 SOO IiO JSO too 250 ?80 290 SOf SIC

TtMP. «C

Fip. 4. Spontaneous; nucle.it ion density of ethanol
*nd water.

anftics. The nontiir^nsional i aed hoEetter.eous nurlaation
tenpej-nture of tth.ina] .vJ v;;ter is 0.63 aissj 0.7* for
nuclcatioti densities i-qu.il to lO l i per co ! per s. A
third lypi- o{ r.t,cu-at ion which tsust be contented vflh
in li<|iiiil-:-o!;;! boiling itystt-ns is- a nucjcaiion ,'roa
prcJi-rrcJ niieis with A J>VC~esist ing H<;uiO-v.ipor S:i!er-
facc. It i s thi.n V.ifjd of nucleatie-n vhich govern:- the
nore.il nurleate WUir.f rep.iat anJ ccriaifl portions of
the I l in !>ai}i»s jcsSs.c. tiavrvar, as the fntrrfacc

uri'K ujior; cfc>n;dc* beccst* e3?ir«oejy lar^c. the
mis nvrlcjtcicn rale Increases 6y or4er:i of

t«<.'«• and bf.-c-WK a prcdoajtsaat ttcchanisa for tile
t*f vajso: mbryos. if thin frc^urncy rar.pe

and the corr<Tipc:nJinfi period far rsccerJfi the rcsppnnp
time ef nots.il surfacr sav l t ies , then the ffin boiling
bfhavSor tsay be entirely depcr.ilent upon the spont.im—
ou* nuclcalion chsract«ristics of Uu riystrn.

In the <x[>erieient the liijuid-solid coiu.-ictr; arc
observed AS voilaftc sig;ndl» vhich indicate the cor~
V€ttponiii«|; c2t?«rt?ic ri-Ni^taucc actons the prctbes and
the coltd i!i:.!i in a ;ontac(. Ourisif. a contact, the
electrical path in the liquid >K eo^iposcd of two
regions. As illustrated in Fig. 2, one i% .» shallow
liquid cylinder nalvine eontart with the l«oli<! ul;h a
hfff.ht equals the va;<or ft In thit l:iu'r:a anil the other
region is ;!»<• extended JS^uid lavrr wiiere t l - jirobes
are instrtt-J in. The electric resistance of each of
the two regions can be approxlsatftl fay the reNistar.ee
kctvi'crt two paraiK'l discs. For (lie parallel disc
gcoartry, the resistance is Inversely projicrtlon.il to
the square rt-ot of the product of the Jlr.c areas. As
a result , the voltaj-e r:len.il. v, anil the area of con-
tact can be related an

R + pL
(8)

where Bl. Is the vapor film thickness which can be
estimated from (6), K is the resistance acrnss which
the contact sienais are measured, and A is the effec-
tive disc area of the probes which w.is tv.ilu.iuil through
calibrations. Additionally, the- contact area i.m be
presented as a fraction of the area of one bubble site
which equals lj for square pattern bubble distribution.
Therefore, the fraction of are.i where a contact covers
is

V
(9)

Based upon these arguments, Fifi. S is established to
CMliMic the contan area fractions from the contact
voltaic signals.

[,j, S. '.-he relntlon betveeii normalised contact area
to the voltage reodiui; of the contact sif.u.iis.

It k-ar< founii that the 1 i<;ut<!-:.clid conlarin occur
ô -er vide temperature ranpe. Scae typical «t>:itact
sipn.ilr. of cth.it:oi and water cm ('.old j'lateil eopjx-r arc
shova in Fig.-i. 6 and 7, respect ivrly, uil.lt volt.if.e
siCnaI:; as the oritlnale and tine as abscissa. Fir.urvi;
6(d) «<> 6(e) ai;d /(!») to ?(O icmuio ntifericfwstd
contact slcoaln. The contact area fraction of etji.inol
and vater are presented in Fii'.r.. B and 9, respectively,
a:: a {unction of the nondiot-nniona 1 ttett inictiacv

Flp.ure 6(a) indicate:! the ptrsjntenj larpe nTva
contacts of ilianol. At or below this tt-eper.itwrc the
vapor f £ Ira oay ct.̂ l.ipfie for perivdr. of ueconitr: uhile
fi In boil inf. t-Klsts interoitont !>•. FlRurcts «(IO and
(e) reveal t»at at itiese temperatures r.oae of the
contacts cay persist tor rare than 100 sa& but i v m
detaches. Additionally, there appears soiae larc.e ar«-a
but *hort ISRO contacts ao inillc.ited ^y the slurp spif-.e
on tpp of the lour, contact signals, "lifn the interface
troperaturc 1B hif.her than the Inwocetu-ous muleat*oti
tcapcrature tin- contact signals ch.Hvp.c. As iltustraitil
in Figs. 6{d) and 0(e> the larr.e area ccntaclr. detach
in short tine while the t.a.ill a n a contacts persifit for
longer tiec. Ihi- snail area contacts .ire attributed to
tho liquid rlppien Bwecplnr. over th« dish surface.
Thl» 1» r.lBliar to She nocltanisa which was observed by
Koreans rt ai. (}}J that the ilijoid ripples n«Vf froa
the bottci to the "top of a cyllniSer In ills boltlnt; nt
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Fir,. 9. The contact area traction »::;! (li-- dur.ilIon of
contacts of v.it>i with different <Sr;>:h .il
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• velocity between 1 to S e / s . Figures tit) a:ij tie.)
•how Mie ccntact signal* when Stic interface leKper.i-
ture in defend the thi-rr^dynaaic rriliv.il tesperaturr.
rto»t cenl.iclr; ate Ufa than ! tss anil ce:tT.set areas Jrc
about cme cnSer oi Ei.if.iUtuJe IVKH than that at below
thrrDCil>n.i-.U critical usperaHtr e. Hf/jre 6 r.ic*ar-
Ixcs the areas ant! c'uf.-itions oi ctmtartn of cthancl.
It appears t!i.1t t)*'«nv t!u* :h«Ttt^yii.iaic critic.il
t«aprta(utc «t>c eauir-vKi contact .ir«-.-> tlrest.isfs expo-
nential !y as a tunrtion o! ncjiniici'nsior.ll intcrl.'irr
Irapcraturc. Thr dur^tioii vi toncict .il:<o tSrcrc.i»t*5
•s tcicprr.iturc incrc.if.vr.. flcyonil (ho lhornt*iiyn,iaic
crit ical tc*s:prr.iturc the lonn contacts disappear ant!
thr c'^aractrrs of cos<(.ivls aic no loiigc; a strong
(unction of Icapnaturc.

The contact signals of vaitrr in f l ln boiling art*
•hown In Fir,. 7. Sir.ll.ir to tin' porslstcot cont.icc;
In FiB- 6(a) "' ct!iai:i<I tlir prrsislrnt contort ;;!(•.".!Is
of valcr aro shown in Fir,. 7<a). Fifi'ires 7(b), 7 ( i ) ,
•ltd 7{<S) Indicate that enst larp.c area contacts ilrl.icli
In ahoTt tine while mall area contacts which «rc

dy.i.-.r.ii ii)cti.'>i Nft
olxwii Sn fir.. i ' (O.
At heyoiu! tlirfrodyn.i
tattK are Jel.lt lv» iy
FlCurv ?(c) )>):i-.-i tl
pool ii<[nii .il.o'jt ;:,
of 100 r-*. atv t-ti-;*-rv
I l l t i lu.li'.r.p ti.!i'.j<l
the cnnS.ici IK-I - . .ir
the cnnt.Kt *r i ' « a»

the lntrrt.t«.
the rnni.it t

tliah lt..»t o( Miiiiliv
t l a l l y v i t h incria:.i
con:aclr., cv<-r !00 :•
JJoutvet , at bi-ytr.d i
the lo«£ runt.itt

lii}; r(pi'tii) nay pt-rnint for InnRrr
l! \ t« i l j i . - u riju rJluri: la bnvcen ll»e
r.'iiicn li-r.;i(-rature uuti xhv t!u<rcu-

turr, tti<- iypi i . i l •om.i.'.r; ire
I M I I . K I ilur.nioir, ,iiv «lmri>

i r i t u . i l I irijnr.it tire emiil «</»-
litli .'•• i "0 i < jl »d in YiR. 7 (1 ) '

u cc.iu.iit Mv.ri.iI', oi v.iicr witii
r~. l'i-r:.iMiii! tun'..ntv in orJi r
t-J. Figure 9 r.\;r--.«ris<"« the w.il* r

iS.it.i. Fvr »h.i) luw uala-r layrrn
e .itv.iyc l.t.r. tluin ]•') r.r.. Bulls

<ii>r.itinr.r. an- not iitroncly Jijiwn-

.« art- b i c n i ! i> ant iy Kir
lvt layrt ntij l ivricatrt
i s t r r i - i i f tt-r.p«r.iture.
are ohr.ervrd at dsrp Jioe

heir-osiyr'.ar.if tt;i)ir.*.! tempe
r.apj'cv.r ar.i! tin- d<j»:h of l i

t)ISO)!.SION'S OF !>:?f.Ki!!i.:;j,<i!. K E S U L T S

- * . , . . - .» 1 i»;;)i A ;.ti: 1 .
_ ! ! ! I'fNt.tM I .:t WflvO thr

«ni-t | ;y (>.s ur. l t ( . r e j e c t iosi
V a l u e . ~ • - • - . •
a f tine

l a i e

Ry (•'.•! unit (.ri>jectio!i .ire^ i - x u i i s a rrUSe . i l
t . The vapor l i ! c . s l a t l l i t y if, .ii^o ;;havt) lo iie
nction w( the <.UE(OCT ve'.ti-..(; p:orirtit-x;.

In the prer*ent exjieriReii:, hefuse i"pifitK-n|*. to
she l iquid lun a t< av i la t ini-.al jiotcnt i.ii itierc

cpon^itij: l e the ltviR!>< of the but<Me. For i j j i -
tn.* iiquSi! l.i>u'rri tttc l iquid cal^.^pf.en to an ar

equivalent to iNt S>rojeCiion Al'e.% e.f the lnjt>i>5e. !iu
cver, ir. deep pool ! ! }a boUinf, the Ni:b.-.ei|uetit je t
iopittf.er* the G^lii! cvi'3 A r̂ u«.*h irwl i*r arr.i thai: ibe
but>t>lc projec:icr> .ir»-a .in : i !u:.;:.»tctl in 11^. 2. ,\c.
r e s u l t , the srspinf-inK kstietic e:icrf.y pit un'.t area i
su;h Birur.Rer. l i i cre iorr , larger contact <tt*a aud
lonjlcr contact t i=c r m be expedt-ii for ivep puol f i
boilinr, due I.' i tn better cli.ir.n- to coiu.tct ana uet
s o l i d . 7lie d i f ferent rent.ift bchavlorrs of deep pad
and ;;!i;;l lev l iquid ijyvr files boiliisi; s.v/ a t t r i b u t e
tht* d i f ferent iepSiSEinf, ncchaniwis.

le
tin-

The crannien: vettinp, abi l i ty of the liquid to
solid bay «>l:.o affect the llqui<t-»uli<i con tilt I and
their dctncivni-nt. It is observed frra the f.tcady i.t.iie
contact anp.le experiments that eihanol i.s a nuch better
Veltiiifi llijvii. than vater at rooa napetaiure. It :r.
also known th.n as the liquid tenpeistsire increase!: the
contact onglc decreases and wvntually eijuatf to zero at
a tenpvrature which is between thr l>oi!i»K toaperature
and the thernodynaaic crit ical tesperaturc of this
liquid (J.5). Cfm.-r-iily ell.jnol has a itmtad .>i';,If
close to zero. As a result, vheii the contact interface
temperature is lie lev the hcanceno.iiiN utn-ic.it ion tt-n-
per.itlire, the heterogeneous nucleation» are not l ikely
to happen for cthanol^ aetd the eajor nech.mista for
MquiJ to detarh the solid Is by micli-.it ion from pre-
ferred sl len on the so! id. To allow .In- tlicim.il
boundary layer to grow and bubbles to n.rr.f and fora a
vapor blanket, relatively long tlac Is required for the



liquid (o detach tli" solid wall. On the other hand,
• incc water generally ha« a large contact anple the
heterogeneous nuiU^tion at the interface !s lively to
be the doulnnnl mivlvacion proci-un when the eps>ia»'t
Interface l<viperatur e is below t'r hi'r.cfp.encuu'i nmlea-
tlon temperature. T!ic det.ir';racnt of cont.iil will be
f«Et. In present ex,» ririenls, Uie ditfvri-ix.-e of the
contact durations of f.li.i i !<•-• cth.iuol mu! water nay be
attributed !o their dlfferer: co.itact

The liucleat ion Process

Am discussed previously, there arc several dif-
ferent aucleatiort proctr.se:., each has different
threshold i^inrr^luri'S, .md when nore than « • i:urle.i~
lion process is possible thvv occur o>i .1 cw-pi-iltive
b«?se. The rcuc ieat ioji frea preferred site* was
described by Huu (It;) tl.at the nui-lr.ition vi 11 not
Occur untl! the the real WumSary layer ir sui flcicncSy
l.'ilcii to rvj^port a triiir.il slsc v.iyior ravsty. For
this kind of nucieotiun to oceyr it fa>* i.il.e relatively
lonf; tice. A sinil.ir cad^l vai t»ru;u»*;eii t.y ller.ty .-ir.j
>"«u:;ke OjO ffr tin- v.i[ic: explr:.Ion lh.it the spua-
Coneoui: n»cSe^tinn < :>:i:tat proceed xmli! a :;u£:Kiv;;t
thicV. thercal bi-unii- • .' Saver ha-i i<cc*:i siovelwjie** t.»
• uppot! the j:rc:v:h o! the Vif.o- rcbrynr. 10 the lir.it
of the^r AtdMllty. It (nHuv.'i that the Lpontaiti-ous
nucle.it ion;: occ-;r JTI .1 t:hori liae aitor c»:r..i«."..
However, if t!if Interface terper.Hure- 1» higher thun
Ihc Ihcreodynanic cr::u.U tef.p*:r.-.turc, s!u- r.UkK.>:u<:i
pioccni; ir. not 1r1.il: ictej by iiur.'aee [rR:;ion any cnic,
It Ss a proces'i of properly (ii.mr.e .w£ c m incur .>t
the Interface- without .in appreciable t irse t'll.iy. The
llq»!rJ-:.oUJ contact will be terminated in a short
Uc<-.

Tt wan observed dor. the results of ethanol and
water Shat f.etterally the contact durai £c>tt dvcrt-.t̂ e?; ::r.
the interne; cetrp«-ratyre tncre:i»;.'.•;. At keyor.i! !hea«;—
<Syn.iai<- rri;i<-al tr::pi-r.*.:«r«t all the cral.tris .ire
Khorter than 10 -*.. !t appear!; liiat the iiur.it<o:i of
eonlactn in filn bailing iu dependent on th? dortiuatit
nuctcation precoi;ri n: that SnCorlace temperature.
Hcn.*cver» tore definitive esperir.ents are tequirecS to
reveal the details o( the nutlet tor. ani ctt.schiiij;
processor, because the measured coijtart duration in

exptricent includes the tine for be!>Me ^r^-'th,
f., and the formation of vapnr j.iyt-r at the

Interface. AiSJi'.ionally, the Bejijurrd total contact
tiee is dependent on the extent ot coherency of the
liquid icspinjcaop.l.

The Contact K»'.n Transfer

By ncf.lccsing the nicrolayer evaporation coniri-

bution, the heat transfer in a liquid-solid contact

Can be evaluated fro% heat conduction consideration

•lone and fives a conservative estimation of contact

heas transfer. Assu&inf, the nucleasion process does

not affect the heat conduction in the liquid, the heat

transfer can he calculated hy transient heat conduction

to a tcoi-infin;t« H q u M rep,ion with .( constant

Interface tinpcrature. Tr-.is gives the transient

temperature profile (11)

- T * ert
f x \ (10)

The total anount of hest transferred throuch a contact
area A In contact duration At Is

" V • (ID

For alternating; contacts the heat flux has the loin

where a la the roatact area fr.-.ctlon and ff Is the
contact frequency whi»li i s 1.5 tirn--. the bubble f r e -
quency I. . Since It was obseived In Kit;. J that the
bubble frequency i?; l i tnar proper! ion.il to Ihe ncn-
ilireils ion.i! i n t e i l . i . e terspei a t u t e , t!ie bubbU- frequency
can be presented .IN

»» b .o in T« .
i . n l n

where the r.ubt.crit't t=in r.eanr. the v^hiv near the oini
fllri boi l i l l£ te ipvrature . The bubble frequency lse.il
ii lei boilinp, t criperal'.ire was p:edJcj.ed by Zubci (.1J|)
anJ ccnf i i^o l b> Ho:. l : r and Webtw.iter (2) i s

>/?

b.s.n

0 I

e("t " 'Vj
04)

The l o u t c o n l a c ! ; . ui e t h a n o l a t b e l o w honiyr*lSI»"uijs
n i jc le . i t i o n [ i . n p e r . u u r e r.ho-.s a i - o n i * i f r e . j u e m y v f i i t h
c a Jim be il<i.i< ibvd p r e c i s e l y by l q . ( ? ) . The ruii(<u:t
f r e q u e n c i e s rH.iMii e*l d i r e c t l y I r o n t h e ot;ci i l o r a v\'-.-
t r a t e : . i r e u:.ei! tor c la i;. h j i e v l f u f . l ' i i p of l»r.K •'-••".-
tact.H i n th'.- i v.ilu.-.t 10:1 o f t h e i u m . n l IK' .H I r j n s d r .

Fif .ur . -s 10 and 11 j.how t h e c o n t r i b u t i o n of l l q u M -
f i o l f d c o n t a c t t-.eal trr>ti!<:<-r t t llu* iila b u i l i u > ; h e a l

, . o — ^ _

0.001
0.2 0.6 1.0

NON DIMENSIONAL

1.6 2?

TEMP, T: • -r-»-

10. Ratio of liquid-solid contact heat transfer
to the ftla boillns heat transfer o! ctl-.anol.
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Fig. 11. Kalio of 1 iquid-soMd contact heat transfer

to the filn boiling heat transfer of waier.

transfer .-.t dHfcieui interface temperatures. The

liln boiling hi at fluxes are obtained froa the experi-

ccntal data of Hosier and Vestwntrr V) for water and

of Bros Icy (I'.1) fur i :luiwi. Generally the contact

heat Ironifer decrenr.es exponentially with increasing

Interface ti-operaturc, then r.aintaininc a constant

level at beyond tlu-rr.ojyn.iaic critical temperature.

For the car.e of cthnnol near the low trnjperature end

of filn boiling, the c o n u t hi.it transfer is signifi-

cant, while beyond tucrr;od\nar.ic critical temperature

the liquid-solid contact contributes less than one

percent of the overall heat transfer. Tin contact

heat transfot of deep water pool is about one order of

•ngnitudc ciori' than th.it of shallow water layer at lc-w

temperature erd. As the temperature increases, the

effects of liquid depth diminish.

In evaluating the heat conduction during a liquid-
solid contact, another extreme condition can be con-
sidered that Is to flssu::!*1 the vigorous nuclcations
occur at nil the t -e during a contact. Vnder this
condition, the contact interlace temperature can be
assuved to be at the saturation temperature of the
liquid at vhole contact duration. Then the heat trans-
fer through the solid wail is in the forn of

(15)

Typical results of tills calculation are ohown in

the upper curve of Fig. 10 for vatcr. In practical

clrcutnBtaiK< s tl.c assumption
appi(i)irl.iu at the early i taj;
But the interface tirjperatuie
liquid saturation t< :• pii alun-
occur near t'.)<-• in t t r lacc . Si
tact duration of fllr.i tjoiiinj;
contact heat transfer i s l ike
Ches*.' two est itnalions but c lo
nore de f in i t ive ca lcu la t ions ,
nuclcatloii and detaching proc

oi Btmi-lr.finlle liquid is
> of the contact duration,
will decrease toward thu
after the nucleatioua

nee the liquid-«oldd con-
is short, the overall

iy to be in between of
>?r to the lower o:.e. For
detailed knowiedge of the

esses arc required.

In practical systems
play a very inpurtant rol
lions of the rr'irfacc pro;
the cxarcpjrs if; the fl]r,
coated with low theriaa!
Since the- contact inter:
for thicker coating, li
area of liquid-solid co.
tact heat transfer will
sltallarly the- overall f j .
Also tin- ir^r.sition boiU.i
temperature. This plienont
au^eutat»on of cooling of

the contact heat transfer nay

in filn boiling when varia-
rties are considered. One of
-Jing on a metal surface
iictivity films (1J, 2!0).
i^mperature will be lower
induce longer and larger

As a result, the con-
icatly increased a.vi
uiling heat transfer.

<; will occur at tiigh.-r
na was enpioyed in the
fins operated in film

COKCLUSIOK

The hydrodynanic instability i.iduced liquid-solid

contacts in filn boiling are observed over a wide

temperature range. The area of contact is liquid depth

dependent. 1. generally decreases exponentially with

interface t«-:r.j>c! «iturc and finally reaches ? constant

value at above tlierrsodynaisic critical temperature.

The averaged duration of contact is influenced by the

dominant nucleation process and thus t'ependont on thf:

interface ter;ierature and the wettabi^'y ^f the solid.

The frequentv t'f the najor contacts i.i about 1.5 tines

the bubble i rhing frequency.

The he. ninsfer due to the liquid-solid contact

oav account . .' a large perccntag£ of the overall film

boiling heal. i;ansfcr near the low teoperature end of

fila boiling-, and decreases exponentially as the inter-

face temperature increases until reaching a stable

value at above the thcrcodynanic critical temperature.

The contact heat transfer in fi^s boiling can be con-

sidered as an extension of the contact heat transfer

in transition boiling. The overall filn boiling neat

transfer is rhe composition of contact heat transfer,

vapor convection heat transfer, and thtrn.il radiation,

with different importance at different temperature

levels.
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