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Because of thelr important fmplications in the processes
of vapour ﬁaz:xcmi,t:&m of thin filme, moleoular distillation,
shsorption and inmumerable other aspects of chemieal, aerospace,
and nuclear technology, the phenomenon of mass and heat trangfer
resultlng from the evaporation or condensation of a pure subsbtance
has always been of interest to chemlsts, physiclsta, and
engineers, During the last decade the liquid metals have been
used as coolants in advanced nuclear reactors. This 48 due to
thelr bigher heut transfer rates at low pressures as compared o
those of the conventlonal goolantg. It is apparent that in the
deslgn of heat tronsfer equipments which use processes involving
eveporatlon and condensation a knowledge of parameters which
ef'fect the heat trongfer coefficlents ls needed. However,
previous investlgntors have found that heat transfer coefflelents
agsoglated with film condengation of saturated liquid metgl
vapours have velues which are much lower than those predicted
by Nusselts t.hmry’*. &um:;ameg attributes these ﬁi&mmmim
to an interfaclsd resistance whioh becomes signdficant at low
pressures, The presence of non~condensable gases during
condensation of vapours can conglderably reduce the heat transfer
rated, |

Molecwles undergoing condensation or evaporation strike
the liquld-vapour interphase from both directions. Some of
these molaecules are reflected back into thelr original phase,
Only a fractlon of these dmpinging moleowles which pass from
ong phase dnto the vther contribute two the net rote of
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condensation oy eveporation as the case ney be. The progesses
of eondensatlon ond cveporation ogeur in two phase Systems which
are not in themodynamie equilibrium, There is, however; a
dilemma concerning the study of such gystems; becouse most of
the mothematieal oxpressions used for non-sguilibrivm Liguide
vapour systans have been derived agsuming the systans to be at
themodynanie equilibrive, In order to bhring about an agreement
between these axpressions and the emperimental results, 1t was
found necessary to Antroducs sppropriste coofficieonts (known as
eveporation and condensatlon eoofficients). No work iz available
in the literature whieh analyses eritleslly the sbove approach,
This wotdvated the author to (a) study experimentally evaporation
coefflclent, (b) design and perfom an experiment for systoms in
themodynanieal equilibrium and hence to check the theories

glyen for guch systons.

Humerous exporimental mathods for the determination of
condensation and eveporation coefficients are known. The
vapriotion of evaporation and condensation coefficient with
pressure for varlous substances have been reported proviously.
Howevery no satdsfoctory egplaination for the variation of
evaporation goefficlent with vapowr pressure is avallable. This
18 because in these studles the effeet of temperature gradient
which was always present in the vapour phase, has been
ignored. In the present investigations the experiments were
perfomed near lsothermel condltions eliminating thereby the
effeet due to temporature gradient, The results so obtolned
represent the tme verdutlon of evaporation coefficlent with
proessure, Ihe results are discussed in the thesis.




There are two basic theories on eveporation and condensation
reported in the llterature, one 18 based on kinetie theowy of
gages and the other on statistlesl approsch. The mﬁam theory
of gases, In the progent work, has been analysed from the very
begining and 148 validlty hoo been examined very carefully. The
formulae based on this theory have been checked for thelr
limitatdons. Some dmportant steps for the derivation of the
formilas for the rale of evoporatdlon based on stotdistical
approack are algoe critlcally examined. 4 Wriaf discussion on
the theory based on reaction rates (transition state theory)
used for andlysing eveporatlon mechanism 1s also reported in
this thesls,

Iin previous studles isothemal conditions were assumed
during the evaporatlon process, In proctice however, even ig
the experimentcl condltions are falrly isothemal, there iz o
net heat logs at the surface of the sanple, which gauses a
tamperature change at the vapour-liquid interfose. The rate of
evaporation or condensation depends on the btemperature of the
liguid surfase. A good mowledge of the surfese temperature is
therefore essenilal in guch studies. The surface temperature
can not be measwred very acewrately by vonveniional methods,
however, spproximaie estimate can be made by a theoretiecal
analysls., In thls work such theoretical detalls have boen
worked out. The resulis for mercury surface temporabure are
presented dn this thesls.

Dupdng the course of above work, the gysten was acolidentally
contaminated by nineral oll which was used ss a bot-bath, This
contamination resulted in an interesting ehservation. It wag

(.



observed that in the presence of an oil contaminatlon, the amount
of the satupated vopours was much more than the theoretieally
paloulated value. An investipation of this problem is reported
in this work. For these studlos mercury was evaporated in an
oil contaminated closed systen under isothermal conditions. It
was obgserved ithot the surface of the evaporatling mereury was
covered by a very thin layers of oll and the rate of evaporation
was obgerved to roducey dee.y the value of the evaporation
coefflcient decrcased. The contamination of the surface of the
vapour chamber algo influences the eveporation process. The
mereury molecules are adgorbed on this surface during eveporatlon
proceas and then are do-adsorbed durdng the eaﬂwmn of vapours,
The smownt of the adsorbed mercury moleocules depends on the
thickness of the oll layers
At thermodynomic equilibrlum the rate of evaporation is

equal to the rate of condensation, il.e., there is an exchange
of equal number of molesulos batwesn the liquid phase and the
vapour phase, Thls process is known as Molecular Exchange
Phenomenon. The exchange rote can be caleulated provided
gxchange coefficient - ig known, In this work an experimental
set-up was designed to study this phenomenon, A mathematlesl
expression to obtaln the value of o was derdved for the system
ugeds. Hxperimental results for mercury are glven in this thesis,
Factors which can Influence this phenomenon were studied and
rvosults are reported in this work

In the svaporatlon phenomenon there are two processes which
toke place simul toneously, transfer of molesules from ligquid
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phase to vapour phasey and the transfer of molecules from vspour
phase to ligquld phase. an attampt was made to set 1@‘ an
experiment which would separate out these two processes. Fop
this purpose a liquld was taken in two contalners, one containing
radio-active form and the other stoble form. The ehange in
congentration of rodio-active molecules were investigated in
thelr common vapour phase, The resulis obitained are prezented
in this thesis. Kifwessm theory was developed to explain

these results. Some theorotiecal galeuwlatlons were also done %o
find the optimum mass of the radlo-active llquid needed for
molaecular exehanpge phengmenon studles.

It was thought that the vibration in the liquid phase would
greactly influence the molecular exchunge phenomenon, An
experimental setup vas desigmed and used to study this effect,

1% wag observed thut the rate of molesular exchunge in the
presance of vibrations was alwoys less than the volue without
vibrutions. This trond is quite different from what ig ususlly
expected in such situatlons.

Another dmportant agpect of the present work was to study the
effect of ﬁm presence of forelg gas In the vapour phase. An inert
gas was chosen us forelg gas becuase of its use, in conjuction
with liquid metals, as coolunts in nuclear péwx reactors, The
value of the exchange coeffielent at various pressures of the
inert gas was determined. 7The wvalue of the exchange cooffiplent
decreases with the inarease of the lInert gas presgure and the
extrapolated results show thut 1t is zero when the pressure of
the gas ﬁ«ﬂ’ equal to the saturated vapour pressure of the ligquid used.
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The thesls iz written in four chapters, Chapter I deals with
theoretical aspoets of two phase systens snd speeific stabement
of the problem. Chepter II contains the experimentsl and
theoretical studies on evgporation phenomenon. Chapber III
discusses the studles related wilth molecular exchange phenomenon,
Chap ter IV records summary, concluslons and recomuendationg. A4
few sppendlces Hllow at the ends

The work to be reported in this thesls has resulted in the
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