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KRZYszToF SZCZUKA*, JERZY MERWICKI*, LEON TRoNIEWSKI**

Opole

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

A variety of operations involving mass transfer with gasJiquid systems can bę 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 obtainęd
and were successfully correlated in terms of Sherwood, Schmidt and Reynolds numbers and dimęns-
ionless geometric characteristic of voltex generator.

Nomenclature

16 - dimensionless geometric parameter of
vortex generator,

a - specific interfacial area (area of inter-
face per unit area of contact tube)

|m2lm21,
D - kinematic diffusion coefficient [gr2/s],
d - inside diameter of the contact tube [m],

ł6a - superficial side mass transfer coeffi-
cient [mis],

Dimensionless numbers:

we d7e

superficial liquid side mass transfer
coefficięnt [mis],
superficial gas velocity [mis],
liquid mass flow rate per circum,
ference of the contact tube [kg/(ms)],
dynamic viscosity coefficient [Pa,s],
kinematic viscosity coefficient [m2/s],
density [kg/m3],
angle of blade deflęction [deg],

kla -

lłę -
rL-

ą-
v-
p-
0-

Rrg - gas Reynolds number,

4,r,
Rer:-: - liquid Reynolds number,

4z

v
§c:_ - Schmidtnumber,

D

* METALCHEM Chemical Apparatus Works, Opole.
** Tęchnical University bf Opole.

*** This paper was presented at the Colloquium EUROMECH 162 organized by the Institute
of Fluid-Flow Machinery, Polish Academy of Sciences and thę Technical University Karlsruhę in 1982.

4c

k- ad
Sh":;; - gas Sherwood number,

k. ad
shL:';,' - liquid Sherwood number.
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The permanent development of chemical ir-rdustry set rrp a necessity of continuous search*
ing for more economical column contactors. It ręsulted in the dęvelopment 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 Tates 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 thę same time gives faci-
lities for moTę accufate separation of phases on each tray.

The principle of operation is shown in Fig. 1. Cocurrent contact dęvice operatęs in
upward two-pase annular or annrilar-mist flow which is creatęd by high values of gas

Fig. 1. The principle of operation of
column with cocurrent trays 1*contact
tube, 2-holes for liquid inlet, 3-se-
parating tube, 4-downcomer, 5-tray,

Ó-voltex generatof

Fig. 2. Tłte proposed construction of
lhe contact device
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relocity. Liquid enters the contact tube through inlet holes or sprayers and then is raised
up rvith gas stream. After passing over th_e contact tube, two-phase stream is separated
in separator and then gas phase flows up to uppęI tray whereas liqui<l phase flows down
to the lower one. It is evident from presented orięntation of phase flows that coulttęr-
-current flow is the general one in the wholę column.

The task of our work was to develop the simple construction of cocurrent tray and
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experimentally determine the effęct of gas/liquid flow rates and swirl intensity on the
gas/liquid controllęd ma§s transfęr rates. Few experimental work have'.been reported for
mass transfer in two-phase swirl flow, so we hope that thę 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 charactęńzedby simple construction and certain operating
advantages. Furthermore, the tubular contact devices can be used easily to substitutę valves
or cap§ in existing tray columns with the purpo§e of obtaining a bigger output.

Fig. 2 shows a ne-w 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. Thć 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 ofyortęx generatois used in the study is illustratęd
in Fig. 3.

Dętails of the research apparatus b,re shown on schematic diagram in Fig. 4. The main
part of this apparatus.is a column consisting of two cocurrent trays. Al1 measufemęnts were
made on upper tray of thę column where proper hydrodynamic conditions were created
by the lower tray. For the experiments on mass translęr controlled by liquid phase the
watęr solution of carbon dioxide was pumped from a tank through a calibratęd rotameter,
before passing oyer the contact tube. Air humidified in a packed column with a cyclone
separator and measured by an orifice plate, was supplied to thę column by a fan. For
experiments on mas§ transfęr controlled by gas phase, thę water solution of ammonia
was used. The flow rates of air and liquid werę controlled with a butterfly valve on the pipe
going from the fan and with valve at thę 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-
pefature. 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 tubęs. Concentration of carbon dio_
xi,de and ammonia in liquid samples was determined by nitration. Final gas composi-
tion was calculated from thę material balance,
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Fig. 4. The schematic diagram of the apparatus
l - column,2 - storage tank,3 - pipęlinęwith_odficeplate,4- humidifier,5 -fan,6 -cyclone sęparator,7 -pump,

3 - injector, 9 - rotameter, 10 - regulating valvę, 11 - liquid samplers

The number of previous investigations involving mass transfer in two-phase §wirl flow
is very restricted. Becausę of the uselessness of the published correlations of mass transfer
in ordinary flow for swirl flow, an attęmpt 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 thę mass transfel results:

Sł : con§t R eo"Rebo Sc" Afi .

The proposed form of correlation includęs 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, whęreas Reynolds
numbers are based on superficial velocitięs of the phases. The values of the geometric
palameter for the three differentrtypes ofvortex genefators used in the study have been
found in experimental way rvith the'use of the Abramovich equations and are presented.
in Table 1.

TabIe 1

(1),

Type of vortex
generator

Number of
blades

Angle of
blade

deflection

Geometric
parameter

Ao
I
il

TII

6
6

8

30,
40o
40"

1An
0.883
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 paramęter. After the regtession analysis, the following equation has been
obtained for predicting the values of liquid side mass transfer coefficięnt:

S h r: 6.546. 10- 3 
Reo. 

597Re!.784sc|.5 Af;.lo +

6.

kra.10'
[m/sJ

Ą

24 2e
wi [m/s7

velocity

(ż)

0L
12

,1.

c f ,0.27kg/(m.s)
l 0.4O
l 0.54
ł 0,E2

Fig. 5. Liquid side mass transfer coefficientnversu§ gas
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"The exponent on gas Reynolds numb,^r 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 controllęd mass transfer, the following formula has
been obtainęd from the experimental datą:

S h o : 2.g47 . 19- 2 ąno,zo8 Re[,8 44 
S c|,44 A3, 2 59

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 corrę-

1a

k-ą.10

t"/ś]
B

-i [n/sJ
Fig. 6. Gas side mass transfer coefficient versus gas velocity

]ation. The gas and liquid Schmidt numbers were not varied much during the experiments,
hence their influence on Sherwood numb3ls was taken from the literature data. Both equa-
tions which were developed in the study fit very good in the following rangę of dimerr_
sionIess gloups;

Re":556,37oo,

Reo:5669, l26000,

Ao:0.]46- I-427 _

Another set of experiments was carried out to męasure the concentration changes along
the length of the contact tube. For thęse experiments the contact tube has been equipped
rł'ith six samplers. One example of the obtained ręsults is shown in Fig. 7. As it has beęn
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 measuremęnts of hydraulic paramęters
such as pressure drop, liquid entrainment and permissible range of flow ratęs have been

(3)

l l-=0.13 kg/(m.s)

l, 0,47

. U.óż
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Fig. 7, Concentration changes along the length of the contact tube

made, The results and thę discussion of these studies as węll as the developed correlations
are the subject of other papers [5, 11].

Generally, it may be concluded that;
- the ProPosed contact device op'erates 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 valuęs of mass transfer coefficients, wider aręa of correct operation, lower liquid
entrainment and very good conditions for separation of the phases,

- v9ry good accuracy of the mass transfęr correlations has been achieved as a re-sult of their new, more suitable form.
Received by tlre Editor, February 1984.
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§Vymiana ma§y pomiędzy gazem i cieczą w apałatsch kolurunowych z współpnądowymi

stopniami konrtaktcwymi

streszczenie

1edną z możlirvości zwiększenia wydajności aparatów kolumnowyclr jest zastosowanie w nich

wspołprąJo.vych stopni kontaktowych. Konsirukcje te znajdują się obecnie w fazie opracowań, badań

i pojedynczych wdrożeń.
Treściąartykułusąwynikibadań.wymianymasywliolumniewłasnejkonstrukcjizwirowyrni,

lvspółprądowymi stopniami kontaktowymi. Badania kineiyki procesu wnikania Elasy w poszczegóinyclr

faza_ch wykonano prowadząc desorpcję elwutlenku węgla i amoniaku z roztrvorów wcdnych za po$1ocą

powietrza. Do opisania pi,oce§u wnikania masy,przyjęto równanie zbudolłane z bezwymiarołvych

rnodułów podobieristwa: Sk, Rł i .§c uzupełnione o bęzwyĘiarową, geofńetryczną clrarakterystykę

zawirowywacza wyrażĄącąintensyrvność zawirowania. Uzyskano w ten sposób dwa następujące rów_

na;r ir:

S h 
" 
: 6,546, 10-' rte|'' n'Re} "",so?,'l3,'oo

S ltc:2,647 ,10- 2"qei,'o8fi9?,844 
s,cZ,44 A:,259,

któr;lę6 średnie błędy v,,zględne były mniejsze od 6l.
\i/ pr&cy opisano również wyniki pomiarów zrnian stężenia roztworów wzdłuż rurki kontaktowej

obrazujące udziałpłszczególnych fragmentów rurki kontaktowej i zawirorvywacza w Procesie wYmianY

maSY.

ńccoo6nae§r Me)R.Ęy i.a3OM iĄ u{tl,&Ko€Tbl{r B tło,lo§liblx anfia§}aTax e upflMoToqub{Mu

Kofl TaKTHbIMlt cTJme§rfi Męt

Fegrovę

OAtroń fis BcaMoxEocTeii ĘoBltrII]IęH,ig ĘpoIł3BoAI{Te]bHocTI{ KonoHIIblX aruapaTots fBn{eTcg IIpd-

MeHe}I}le B rlrłx [prMoToltHLIx KoHTa:iTHrrx :ryherłeŹ. 3rrł ronc. pyrcqltlł EaxoAgTcx cętąl:ac r t!a:e paspa-

6oTK!I, EccJ]eA a&alluit E oAEEoqiILIx ra- gperurfi .

Cyrsro crar:wt fiBJłrIaTcfl pe3yJlbTa,l6I.IiacrreAonarrtłń nłaccocdliena B KoJIoHĘe co6crBeglrOfi xoT{cTPYK-

ultlt c Bl4\peBL,lrrrł, npRvorovHbl\tl.t. X( HTaKTąi :\4tIcryneHfl\lW. l4ccl,:Ąoeanng XhHeT[KtI npouec(a \{acco-

npi]ili4pFiogeFqx B oTAenspblx tla:ax I polł3Bogr{Ir]lcb ocyĘecTBnfi§ lecopnqIrro .{Byortłcll YT.rIfl 1{ a.MMo-

}ll{fi il3 Bo.qgIłbI.-{ pacTBopoB I1pr1 ttoMoI] !,I4 Bos4yxa. Ą.:,t onficarłlł, npoi {ecca MaccOrIpoHI{KHo§eHIM I]PI{}ifiTO

ypaBireFple nocTpoer1rloe ral 6eap*:lteplutx vogy:teź noJo6rłg; ,§ł, R,,rt §c, rrorołteurłoe GesPa:ł"tePuOft

reont riar""*oź xaparrepltcrrłroń 3aBi:xpl4Tenfl, elrpaN.,rcrqeł I{RreI{cĘBHocTL 3aBuxp€}iltl. [IOnYve-

HbI TaKBM o6pa:ou ABa crleAyjoli(łfx ypalHeIIE,

.§ł,_ : ó,546, l 0-' ?e!,'n' Rej, l s+""^,s,,,roł.

.rli.:1,547, i0-'ŃP|,rn* R?Ż,un^ srZ,oo ,i3,"' ,

l{oTopblx cpeAlfi{e oT}IocąTeILI{bIe omł6xn veanme 6f.
B pa§ore om,lcaĘbl TaKxie pe3y!.i6TaT5l lt:Mepe:łrfź róuqcgrlarrrła pacTBopoB BAoIb roHTaKTHoń

rpy6rłt, oro6paxaroiqłre yqacTiłe oT:1ełEnblx $parueuror xorrraxttoź rp,55lrll I4 3aB],{xPIlTeJ]fl B nPo-

1l :;_,: .,tccoo6meHa.


