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Abstract-When a binary surface tension positive system boils, a m~imum nucleate boiling heat flux is 
exhibited at a low concentration of the more volatile component. A number of theories have been 
propounded to account for this behaviour. In thisinvestigation contact anglesand surface tensions have been 
assessed for low concentrations of aqueous methanol and n-propanol under mass-transfer conditions 
simulating that encountered during nucleate boiling. The data confirm that small bubble production with 

accompanying high heat transfer is to be expected. 

NOMENCLATURE 

99 acceleration due to gravity (LT-‘); 

m, film thickness (L); 

11, point film velocity (LT- ‘); 

J; film depth where velocity = u (L). 

Greek symbols 

u In* contact angle at total reflux ; 

fi, liquid viscosity (ML-’ T- i); 

P> liquid density (MLw3); 

(Jn0 surface tension at total rellux (MT-‘); 
I‘, peripheral liquid flow rate (ML- ’ T- ‘). 

INTRODUCTION 

A NUMBER of investigations have been carried out in 
the last few years to ascertain the types of liquid 
mixtures which exhibit high nucleate boiling heat 
Auxes. Explanations for the increase in nucleate boil- 
ing which results when a second component is added 
to a pure liquid are inconsistent. The various mech- 
anisms postulated to account for this behaviour 
have been summarised recently by Shock [l] who also 
showed that the difference in the superheat required to 
initiate bubble growth was influenced by wetting 
changes at low organic concentrations for aqueous 
organic solvent mixtures. He deduced that the dif- 
fusion resistance encountered when boiling had com- 
menced played a significant role for aqueous systems 
and furthermore was probably the controlling factor 
for non-aqueous systems. His conclusions were based 
upon the wetting behaviour of aqueous methanol and 
!I-propanol mixtures exhibited under equilibrium con- 
ditions at the boiling point which had been reported by 
Ponter et al. [2,3]. If the wetting properties of such 
systems under conditions of total reflux, that is where 
the vapour and liquid have the same composition and 
are not in equilibrium are considered instead, then 
different conclusions can be drawn which explain the 
difference in behaviour between the nucleate boiling of 
surface tension positive and negative mixtures as well 
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as the peak flux exhibited at low compositions. The 
reason for considering the wetting under these new 
conditions is that the bubble frowth rate is so high that 
there will certainly be insufficient time for equilibrium 
to be established. The purpose of this paper is to re- 
examine Shock’s analysis using total reflux wetting 
data. 

DISCUSSION 

Contact angles have been measured for aqueous 
methanol and n-propanol mixtures at the boiling point 
both under conditions of equilibrium and where the 
vapour and liquid have the same composition (total 
reflux) using the cells described by Ponter et al. [3]. In 
a true boiling situation the solid surface is at a higher 
temperature than that encountered under distillation 
conditions but the effect of temperature on contact 
angle is known to be small [4] usually of the order of 
< 0.06 degree/‘%, the mass transfer having the over- 
whelminginfluen~. The contact angles were measured 
on a smooth copper surface, the reproducibility ofdata 
being better than + 1”. The contact angle composition 
data for the two systems are presented in Figs. 1 and 2. 

In Shock’s analysis it was assumed that the contact 
angles and surface tensions employed were those 
measured at equilibrium. As previously stated this is 
unlikely to be the case since insufficient time will have 
accrued to establish such conditions in a bubble. An 
indirect method has recently been developed to es- 
timate surface tensions of surface tension positive 
systems at total reflux by Ponter et al. [5] which 
essentially analyses the forces maintaining a dry patch 
formed when the liquid flow rate down a vertical 
surface is reduced below that necessary to maintain a 
discrete film. A schematic diagram is shown in Fig. 3. 

The surface tension forces along YC balance the 
fluid force brought about by the loss in momentum in 
bringing the liquid to rest at pointy. 

so 

pu’dy = o,(l -cost&) 

where g,,, is the surface tension when mass transfer is 
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Fir;. 3. Schematic diagram of dry patch 

occurring and U, is the corresponding contact angle 
through which fluid is flowing. 

Now since the film rupture always occurs well 
within the faminar flow regime 

so that substitution of equation (2) in (1) and in- 

tegration yields 

-copper 

where r is the peripheral Row rate at which the dry 

patch just forms. Surface tension estimates for the two 
systems at total reflux are compared with the equilib- 
rium values in Figs. 4 and 5. 

It is readily seen that at low concentrations, the 
surface tensions exhibited under mass transfer con- 
ditions are considerably lower than for those de- 
termined at equilibrium. This explains the apparently 
anomalous behaviour of maximum boiling heat flux 
coinciding with maximum contact angle for a number 
of surface tension positive systems measured by Ponter 
et ui. [S], The high contact angle suggests the evolution 
of Large bubbles with a subsequent low boiling heat 
flux. From the surface tension data now described 
however it is evident that the low tension values when 
combined with the high contact angles will still result 
in a low bubble adhesion giving small size bubble 
evolution and high nucleate boiling heat-transfer rates. 

For surface tension negative systems no peak llux is 
observed and it is suggested that the interfacial 
turbulence is so high for these types of systems that 
equilibrium is quickly established and the mechanism 
now described will not be operative. 
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FIG. 4. Comparison of surface tension data at equilibrium and total reflux for methanol-water system. 
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FIG. 5. Comparison or surface tension data at equilibrium and total reflux for n-propanol-water system. 
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EBULLITION NUCLEEE DANS LES MELANGES BINAIRES 

RQum&Quand un systtime binaire $ tension de surface positive bout, le flux thermique maximal 
d’6bullition nuclt%e apparait B une concentration faible du composant le plus volatil. Plusieurs theories ont 
CtB propos&es pour expliquer cela. Dans cette Etude, des angles de contact et des tensions de surface ont btt 
bvaluis pour de faibles concentrations de mithanol et de n-propanol dans des conditions de transfert 
massique simulant celles de l’bbullition nucldte. Les risultats confirment qu’on peut esperer une petite 

production de bulle associCe $ un transfert thermique 8levt. 
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BLASENSIEDEN IN BINAREN GEMISCHEN 

Zusammenfassung- ~Wcnn rin bin&s Ckmiach mlt positiver Oberfkhenspannung siedet. welbt cs ~CI 
geringer Konzentration der leichter fliichtigcn Komponentc eme maximale Wirmestromdichtc bum 
Blasensieden auf. Zahlreichc Theorien wurdcn uorgeschlagen, urn dieses Verhaltcn zu erklgren. In diesel 
Ilntersuchung wurden Kontaktwinkel ~1x1 Oberfi~ichenspannungen l’iir wBBrige Methanol- tmd Prt)panol- 
mischungen 5eringer Konzentration abgeschiitrt. Die beim Blasensieden auftretende Stoffiibcrtragung 
wurde simuhert. Die Ergebnisse bestltigcn. da13 geringc Blasenerzeugung hei gleichzeitiger hohcr 

Wlirmeiibertragunp erwartet werden muU. 

nY3biPbKOBOE KMnEHME B 6MHAPHblX CMECI1X 

AHHoTaqbm - npki 3auinakiuki GkikiapHofi cMecki, MMeIorueii 110ItO)LCMTe~bHOC’ HOBe,,XHOCTHOC 

HaTR)KeHHe, MaKCMMWtbHblk TeIlJlOBOfi ItOTOK HPM tlY3blPbKOBOM KMHeHMH CMeCM Ha6IttOjW2TC~ flptl 

MaJtbIX KOHUeHTPaUMRX donee neTyYW0 KOMIIOHeHTa. npefl.~OXVZH PFtn TeOpHic UnR 06bRCHeHMH 

3TOrO RBJtCHMII. B ,&clHHOiz &OTe Otlpe~eiWlIlOCb BJtMIlHMe KOtiTaKTHbtX yr-JTOB # HOBepXHOCTHOrO 

HaTIlWZHHfl fl,ttt BOflHblX paCTBO,,OB MeTaHO,la M ,I-npOt,aHOna ManOil KOHL,eHTPEiqMA H YC.!!OBRflX 

MacconepeHoca, MOLWHip)‘tOtlUiX yCJtOBM5t ny3blpbKOBOTO KMHeHMtl. nOny%HHble pe3ynbTaTbl 

CBPifleTenbCTByWT 0 TOM, YTO CJleJlyeT OXGiflaTb He6OnbLHOrO 06pa30BaHtiR KOflM4eCTBa Ilylbl,,bKOB 

np!4 BblCOKMX 3Ha’leHMRX KO3$t&iUW2HTa TeIIflOo6MeHa. 


