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LIQUID CURTAINS—II. GAS ABSORFPTION
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Absaract=The amormoion of mass by o lgesd curtam s determined both snalytcally s nueenically as
a functica of the Freude and Peclea numbers, pressuie dilleresce. copverpeace paramsicr, inital k-
nexe-i p=radis ratio and morele cxit angle. Twoe aealyvlical meibiods have been used, The fimst oee considers
tne fimite thickness of tse ligoid curtain, hereas the second method celoulzies (he Bass Aol raie by
mumang thai the cumain & 2 semacindiniee mediom The mass absorpion Teie was alie deermined
nurenically by accourting bor the velooey disiribaieon across the lquid cartgin The resules of the mao
mnalyiical methods agree wery well with the numencal resoles for high Pecel pombers owsver, the
prodictions of the somi-infinits medives a2pprocimation are tnacouraie af low Peckel numbers and lor
pisitive moesle oxil anglcs It B shown that (ke mass absorption rates are mamly & funcixan of the ligud
curtain convergenee length and thackness, and ncrease as the Froode number, convergence paremeter and
maezle exit #ngle are miteised, bul decrease a3 Uhe peessure coefficent, initsall thickness-vosradise riic and
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Feciel pumber are decreased.

INTRODUCTION

Vertical annular 28 or liquid curains can be wed o
chemical reactors for the reduction of mrconiom lrom
irconium  tetrachloride snd sodiem (Roidt  and
Shapiro, 1983, reaction and control of toxic wasiess,
gas-liguid chemical reactions, scrubbing of radioac-
tive and non-radicactive parficolaies and soluble ma-
terrals, determimation of gas diffusivities in Bguids, 2l
Liquad curtains cam alio be wsed 85 protection systems
in inertial confinement laser fusion reactors (Rames,
1988, The hydrodynamics of liquid curtains was
siudied both analytically and nemerically in Pan
I {Ramos, 1988) Hamos and Piichomant (1989a}
studied the efects of the laminar bowndary laver on
laguid cunaing, and showed that the mfluecoe of the
RBernolds number on the convergencs length of the
curtain i small, except for positive anghes at the
nazzhe exit Eamos and Piichumani {198%a) also
showed that Bquid cumain geomeiry can be deter-
priged sccurately wsing the analytical soluions ob-
tasned 1 Part | (Ramos, 1988)

The problem of gas shsorpison by Inqued cunizing
was shudied by Baird and Dawidson {1962) wha de-
rived & theoretical expression for the gas absorpcion
rafle essuming that the penctration depth of the gas s
much smaller than the thick pess of the curtzin, there-
by reducing the problem 1o one of diffuston in
a semicinfmite medivom. Their ohpeciove, howsven, wad
o devise & method for determining the daffusvties of
various gases in liquids using mass absorplion data.

Bunird amd Davidson (1962) ohtamed an analyncal
expression for the mass absorption rate which s pro-
portianad 1o the square oot of the vodume enchosed by
the Dquid curain, Howsver. theic analvical expres:
wion is based on the assumpiion that the effective

welocity fior gas absorprion s equal to the mean velo-.

city of [2ll In the sivdies presented in this paper,
analviscal amd pumencal resolis are obliined uang
the analvieal amd numerical sohdsons repored in

Part | (Bamos, 1988} for pressunzed amd nonpres-
surized lguid curtaing

The meed 10 be able 1o debermme the mats abaorp-
ton rate accurately anses for the following reasons

(1) In the application of lgwd cunains &5 chemacal
reachans, i s important w determane the rage at
which the gases are abscrbed by the liquid car-
tain from (e wolume it encloses

2 IF tomee products result from the reactions, i s
of wimost concern pot @0 let the reacsion prod-
ucts seep through the cumszin thickness asd
escape inte (he medinm sarroanding the ligud
curtsin

(1) Since the ligasd curtain absorbs mass continu-
ously from the volume it encloses, there is & -
sulting depletion of mass in the volame énclosed
by e casrtain, amd the canain rends tocollapse
[ order to prevent the collapse and 1o keep the
curtain al steady siete, @ continuows fow of
mass inte the volume enclossd by the curlain
eqizal (o the rale of mess removal by the liguid
curtgin, ie. equal 1o the mass absorption rate,
should be maintained.

Ini this paper, the problem of mass ahsorption by
a liquid curiain & studied both analytically and au.
merically. Analytical and aumerical solutions for the
concentraton profile as well & for the mass absoop-
ton rald are ofmained lor liquid cunains of fne
thickness. These solutions are compared with rhose
corresponding o an analysts which treats the hguid
curigin 8s 8 semi-infinie mediom. Analvtical salos
tions for both the lgqud curtein geometry and mass
absorption rate are also oained using 1 resulis of
Purt | (Ramos, |988) and those presemted in this
papsr.

The squatiors geverning the Awid mechanis of
liquid curtains have been derived o Padt 1 iRames,
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