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KRZYSZTOF SZCZUKA*, JERZY MERWICKI*, LEON TRbNIEWSKI**

Opole

Gas-Liquid Mass Transfer in Column with Cocurrent Swirl Trays***

A variety of operations involving mass transfer with gas-liquid systems can be carried out in co-
lumns with cocurrent trays, but additional data are needed to develop more reliable design methods.
The results of the experimental investigations of mass transfer in column with cocurrent swirl trays
are presented in this paper. High values of gas and liquid side mass transfer coefficients were obtained
and were successfully correlated in terms of Sherwood, Schmidt and Reynolds numbers and dimens-
ionless geometric characteristic of vortex generator.

Ao —

Nomenclature

dimensionless geometric parameter of
vortex generator,

specific interfacial area (area of inter-
face per unit area of contact tube)
[m?/m?],

kinematic diffusion coefficient [m?/s],
inside diameter of the contact tube [m],
superficial side mass transfer coeffi-
cient [m/s],

Dimensionless numbers:

— gas Reynolds number,

47y e
Re,=— — liquid Reynolds number,

NL

v
Sc=B — Schmidt number,
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superficial liquid side mass transfer
coefficient [m/s],

superficial gas velocity [m/s],

liquid mass flow rate per circum-
ference of the contact tube [kg/(ms)],
dynamic viscosity coefficient [Pa-s],
kinematic viscosity coefficient [m?/s],
density [kg/m?],

angle of blade deflection [deg].

— gas Sherwood number,

d
— liquid Sherwood number.
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The permanent development of chemical industry set up a necessity of continuous search-
ing for more economical column contactors. It resulted in the development of columns
with cocurrent trays. First designs of such columns have appeared in literature in the be-
ginning of the sixties. In comparison with typical packings or trays the cocurrent trays
offer certain advantages such as high flow rates of gas and liquid unlimited by flooding
as well as higher values of overall mass transfer coefficient. Additional increase of mass
transfer rate may be achieved in two-phase swirl flow which at the same time gives faci-
lities for more accurate separation of phases on each tray.

The principle of 6peration is shown in Fig. 1. Cocurrent contact device operates in
upward two-pase annular or annular-mist flow which is created by high values of gas
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Fig. 2. The proposed construction of —”._——-

the contact device . -

velocity. Liquid enters the contact tube through inlet holes or sprayers and then is raised
up with gas stream. After passing over the contact tube, two-phase stream is separated
in separator and then gas phase flows up to upper tray whereas liquid phase flows down
to the lower one. It is evident from presented orientation of phase flows that counter-
-current flow is the general one in the whole column.

The task of our work was to develop the simple construction of cocurrent tray and
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experimentally determine the effect of gas/liquid flow rates and swirl intensity on the
gas/liquid controlled mass transfer rates. Few experimental work have been reported for
mass transfer in two-phase swirl flow, so we hope that the results of the investigations pre-
sented here will be an aid in both planning and execution of a desired experimentation.
The operation of cocurrent trays is still unsatisfactorily known from both hydrodynamics
and diffusion points of view.

Among the various previously proposed or patented constructions of columns with
cocurrent trays which are described in detail elsewhere [1 +8]—the tubular trays with swirl
flow are worth notice. They are characterized by simple construction and certain operating
advantages. Furthermore, the tubular contact devices can be used easily to substitute valves
or caps in existing tray columns with the purpose of obtaining a bigger output.

Fig. 2 shows a new construction of contact device. It has been developed on the base
of the detailed analysis of different constructions [5, 6]. The main part of this device is a

Fig. 3. The structure of vortex generator

contact tube equipped with the static vortex generator. The contact tube has also a set
of holes at the bottom end for liquid inlet and a coaxial tube of bigger diameter at the upper
end for separating purposes. A structure of vortex generators used in the study is illustrated
m Eig. 3.

Details of the research apparatus are shown on schematic diagram in Fig. 4. The main
part of this apparatus is a column consisting of two cocurrent trays. All measurements were
made on upper tray of the column where proper hydrodynamic conditions were created
by the lower tray. For the experiments on mass transfer controlled by liquid phase the
water solution of carbon dioxide was pumped from a tank through a calibrated rotameter,
before passing over the contact tube. Air humidified in a packed column with a cyclone
separator and measured by an orifice plate, was supplied to the column by a fan. For
experiments on mass transfer controlled by gas phase, the water solution of ammonia
was used. The flow rates of air and liquid were controlled with a butterfly valve on the pipe
going from the fan and with valve at the outlet of the circulating pump. The tank was pro-
vided with a heating section that allowed the liquid to be maintained at any desired tem-
perature. The temperature of air was controlled by the temperature of water circulating
in a humidifying loop.

In order to determine the extent of desorption, sampling was carried out by careful
~ withdrawing gas-free liquid samples through narrow tubes. Concentration of carbon dio-
xide and ammonia in liquid samples was determined by nitration. Final gas composi-
tion was calculated from the material balance.
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A
=
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I — column, 2 — storage tank, 3 — pipeline with orifice plate, 4 — humidifier, 5 — fan, 6 — cyclone separator, 7 — pump,
8 — injector, 9 — rotameter, 10 — regulating valve, I/ — liquid samplers

The number of previous investigations involving mass transfer in two-phase swirl flow
is very restricted. Because of the uselessness of the published correlations of mass transfer
in ordinary flow for swirl flow, an attempt has been made to suggest a new form of di-
mensionless correlations. After the detailed analysis, the following formula is proposed
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for correlating the mass transfer results:
Sh=const Re} Re, Sc° A3 . 1

The proposed form of correlation includes Reynolds numbers of both phases, Schmidt
number of suitable phase and the swirl intensity which is expressed by a dimensionless.
geometric parameter of the vortex generator. This parameter is similar to the one deve-
loped by Abramovich [9] for the theory of centrifugal sprayers. Sherwood numbers.
used in the correlation (1) contain superficial mass transfer coefficients, whereas Reynolds.
numbers are based on superficial velocities of the phases. The values of the geometric
parameter for the three different:types of vortex generators used in the study have been
- found in experimental way with the use of the Abramovich equations and are presented.
in Table 1.

Table 1
& . - l Angle of l Geometric
ype of vortex Numbder o { Blade parameter
generator - blades ! deflcction Ao
I 6 | 30° 1.427
i 6 J 40° 0.883
111 8 | 4 0.746

Some results obtained during desorption of carbon dioxide [6, 10] are shown in Fig. 5
where liquid side mass transfer coefficient is plotted against gas velocity with the irriga--
tion rate as a parameter. After the regression analysis, the following equation has been
obtained for predicting the values of liquid side mass transfer coefficient:

Shy=6.546-10">Re}>*"Reg ®*Sc] 2452
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Fig. 5. Liquid side mass transfer coefficient versus gas velocity
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‘The exponent on gas Reynolds number shows a big influence of gas flow rate on mass
transfer in liquid phase. Next chart (Fig. 6) shows the results obtained in the desorption
of ammonia. In the case of gas side controlled mass transfer, the following formula has
been obtained from the experimental data:

S =282 10 "Re " "Re VSV (3)

As it can be seen from this formula, the values of the constant and the exponent of gas
Reynolds number are very close to those of the well-known Gilliland-Sherwood corre-
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Fig. 6. Gas side mass transfer coefficient versus gas velocity

lation. The gas and liquid Schmidt numbers were not varied much during the experiments,
hence their influence on Sherwood numbzrs was taken from the literature data. Both equa-
tions which were developed in the study fit very good in the following range of dimen-
sionless groups:

Re; =550+ 3700,
Rey=5600-126000,
Ay=0.746+1.427.

Another set of experiments was carried out to measure the concentration changes along
the length of the contact tube. For these experiments the contact tube has been equipped
with six samplers. One example of the obtained results is shown in Fig. 7. As it has been
expected, the greatest changes in liquid concentration occurred in the interblade space of
the vortex generator and directly above it. This is the reason of the biggest turbulence of
both phases.

Together with the mass transfer studies, the measurements of hydraulic parameters
such as pressure drop, liquid entrainment and permissible range of flow rates have been
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Fig. 7. Concentration changes along the length of the contact tube

made. The results and the discussion of these studies as well as the developed correlations
are the subject of other papers 5 b

Generally, it may be concluded that:

— the proposed contact device opérates stably in the wide range of gas and liquid
flow rates, ’

— the vortex generator fixed in the contact tube gives certain advantages such as:
higher values of mass transfer coefficients, wider area of correct operation, lower liquid
entrainment and very good conditions for separation of the phases,

— very good accuracy of the mass transfer correlations has been achieved as a re-
sult of their new, more suitable form.

Received by the Editor, February 1984.
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Wymiana masy pomiedzy gazem i ciecza w aparatach kolumnowych z wspélpradowymi
stopniami kentaktewymi

Streszczenie

Jedng z mozliwoéci zwiekszenia wydajnoSci aparatow kolumnowych jest zastosowanie w nich
wspolpradowych stopni kontaktowych. Konstrukcje te znajduja sie obecnie w fazie opracowan, badan
i pojedynczych wdrozen. : : :

Trescia artykulu sa wyniki badan wymiany masy w Kolumnie wiasnej konstrukcji z wirowymi,
wspolpradowymi stopniami kontaktowymi. Badania kinetyki procesu wnikania masy w poszczegblnych
fazach wykonano prowadzac desorpcje dwutlenku wegla i amoniaku z roztwordéw wodnych za pomoca
powietrza. Do opisania procesu wnikania masy przyjeto réwnanie zbudowane z bezwymiarowych
modutéw podobienstwa: Sh, Re i Sc¢ uzupelnione o bezwymiarowa, geometryczng charakterystyke
zawirowywacza wyrazajaca intensywno$¢ zawirowania. Uzyskano w ten sposob dwa nastepujace row-
nania: -

Shy=6,546+10"°Rey**" Rl ** Sy " 40"
She—2847 10 ~Rer ' Rei® “Se it

ktorych $rednie bledy wzgledne byly mniejsze od 6%.

W pracy opisano rowniez wyniki pomiaréw zmian stezenia roztworow wzdhuz rurki kontaktowej
obrazujace udzial poszczegbdlnych fragmentow rurki kontaktowej i zawirowywacza w procesie wymiany
masy. -

Maccoobmesn MEKIY ra3oM M KUNKOCTHIO B KOJOHHBIX anpaparax ¢ HpAMOTOUHBIMU
KOHTAKTHBIME CTYHCHAMR s

PesroMe

OnHOW W3 BO3MOXHOCTEE TIOBBLINICHWS TIPOU3BOJMTETHHOCTH KOJIOHHBIX allapaToB sBIICTCA TpH-
MEHEHHUE B HUX HPSIMOTOYHBIX KOHTAXTHBIX CTYICHCH. DTH KOHCTPYKIHYI HAXOIsITCA cevac B (aze paspa-
GOTKH, WCCTEIOBAHNAN ¥ ONWHOUYHBIX BH JADEHUH. : :

CyThiO CTATY ABISIOTCA PE3YIIbTA' bI KoCICIOBAHMI MacCOOON 1€Ha B KOJIOHHE COBCTBEHHO! KOHCTPYK-
LUT ¢ BUXPEBBIMH, IPAMOTOSHBIMU, KC HTAKTHETMA CTYOCHAMA. VIcClieoBaH)a KHHCTHKY IIPOLECcca Macco=
TIPOHIKHOBEHNS B OTHACIBHBIX (ha3aX 1 POM3BOIUITICH OCYINECTBIIsAA [ECOPILIIO JBYOKINCH YITil B aMMO-
HUS 73 BOISHBIX PACTBOPOB NPH MIOMOT M BO3XLyXa. J1ii 9 OMICAHMs MPO; (€CCa MACCOIPOHMKHOBCHUS NPHHATO
ypapsenue TIOCTPOEHHOE 13 6e3pa3sMepr bix MOYJIeH 0 100ms: S/, R 1 Sc¢, HONOIHSHHOS Ge3pa3MepHOR
TEOMETPHISCKON XapPaxTePUCTHKON 3aBIXPUTEN, BBIPAXKAIOLICH WH [CHCUBHOCTDL 3aBUXDCHUL. Homyue-
HBI TaKuM 00pa3oM IBa CICHAYIONIMX ypa HCHMA : :

Shy=6,546-10""Rey > Ry "** Sy 403,
She=2,847- 10" "Rey " "Rey " 'Sce aq

KOTODBIX CPEAHUE OTHOCHTENBHBIS OMMOKA MEHbINE 6.
B paboTe OMMCAHLI TAKKE PE3YILTATHI M3MEPEHMI KOHUCH: p2lHH PACTBOPOB BIOJbL KOHTAKTHOR
TPyOKZ, OTOOPAKAIOUINE yIACTHE OTHENBHbIX (DPArMEHTOB KOH1aKTHOM TPyCxM M 3aBUXPHUTEN B IPO-



