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The dependence has been measured of the interfacial area and the number of transfer units 
for gas side resistance controlled absorption on the flow rate of gas and liquid at counter- and co­
-current flow arrangement. The measurements have been carried out for a vertical expanded 
metal sheet packing exhibiting a strong dependence of the interfacial area on the density of ir­
rigation. The interfacial area has been measured by absorption of carbon dioxide into a solu­
tion of sodium hydroxide under the conditions of the pseudo first order reaction. The number 
of transfer units has been measured by absorption of sulphur dioxide also into a solution of so­
dium hydroxide. In addition, the pressure drop has been correlated against the flow rate of gas 
and liquid. 

-- ----~------

The vertical expanded metal sheet packing for mass and heat transfer columns con­
sists of a bunch of parallel sheets of expanded metal suspended on a special liquid 
distributor. Under the two phase flow of gas and liquid the liquid trickles down 
the surface of the sheets and the gas streams in the channels between the sheets. At low 
irrigation rates the liquid trickles only along the ribs of the expanded metal sheets 
while at higher irrigation rates covers also the mesh of the sheets. Increasing flow 
rate of liquid thus considerably alters the geometry of the flow channel available 
for the gas. This alters also the hydrodynamic characteristics of the channel. The 
expanded metal sheets ensure stable favourable distribution of liquid on the sheets 
and its intensive mixing. The spatial structure of the expanded metal sheets enhances 
the turbulence of the gas phase. 

The problems of mass transfer during absorption with predominantly gas side resistance 
in an apparatus with a vertical packing made of expanded metal sheet has been investigated 
earlier by Lacina 1 . This author measured absorption of ammonia into water in a column of rec­
tangular cross section with 2 m long packed section using various types of expanded metal sheet 
and various spacing of the sheets. For part of the results, obtained under the conditions to be 
expected in absorbers (about 12 mm spacing of the sheets and the 16 x 6 mm mesh size of the 
expanded metal sheets), the experiments were supplemented by the data on the interfacial area2 

for the same experimental set-up. The interfacial area was measured under the conditions of the 
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pseudo first order reaction for absorption of carbon dioxide into a water solution of sodium 
hydroxide. Apart from that also the interfacial area was evaluated from the results of measure­
ment of absorption of ammonia by using an earlier published3 model of heat and mass transfer 
into a turbulently flowing phase. The evaluation was made on the basis of parameters of the 
model obtained from a single phase flow through a tube of circular cross section. Independently 
obtained interfacial areas were found to give a good agreement. 

Additional orientational heat and mass transfer experimcnts for systems with predominantly 
gas side resistance (adiabatic evaporation, absorption of sulphur dioxide into a solution of so­
dium hydroxide) suggested that the conclusions of the previous papers l •2 are not valid generally. 
The cause apparently rests in the inappropriate use of the ammonia-water system for the study 
of absorption with gas side resistance control. In order to have a measurable concentration 
of ammonia in the exit stream from the column (for the given number of transfer units NOG = 

= 4-7), the inlet concentration had to be high (15 to 30%), hence the absorbed amount was 
large and the absorption was accompanied by evolutior, of a significant amount of heat. rn addi­
tion, the absorption was affected also by the conditions at the interface. For instance, the onset 
of loading of liquid in the packing occurs during absorption of ammonia at significantly higher 
flow rates (by 20 to 30%) compared to the rates of an inert gas alone. At the same flow rate 
of liquid thus the interfacial area need not be generally the same during absorption and the 
measurements of the interfacial surface by chemical methods. 

The aim of this work has been to obtain by a suitable choice of systems experimental 
data on the extent of interfacial surface area and number of transfer units during 
absorption free of the above mentioned shortcomings. For the measurement of the 
absorption under the gas side resistance control we took absorption of sulphur 
dioxide into a water solution of sodium hydroxide. The advantages of this system 
are following: 1) The resistance to mass transfer in the liquid phase is negligible. 
2) The properties of the liquid phase for absorption and for measurement of the 
interfacial area are nearly identical. In both cases the liquid phase is a solution of 
sodium hydroxide with some sodium sulphite or sodium carbonate appearing due to 
the chemical reaction in the solution. 3) The analytical method employed permitted 
measurement of low concentrations of sulphur dioxide in the gas phase. 

In order to restrict the influence of the liberated heat of the reaction on the process, 
the column, in contrast to the previous paperl, was shortened to 0·95 m (to N OG = 
= 2 - 3· 5). This modification, together with the system sulphur dioxide-water 
solution of sodium hydroxide, permitted the amount of the absorbed gas to be 
decreased by almost three orders of magnitude. 

A drawback of the shortened column is the relative increase of the entrance 
and the outlet section and their effect on the experimental number of transfer units, 
interfacial area and pressure drop. For this reason still additional series of measure­
ments have been carried out in a 0·35 m long column with identical inlet and outlet 
section as those used in the 0·95 m column. By substraction the values of the in­
vestigated quantities for both columns data are obtained that correspond better 
to the conditions in the channel between the sheets of the packing. 

In addition to the experiments with the counter-current flow arrangement it has 
been decided to carry out also measurements under the cocurrent flow. Aside from 
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the practical reasons we were lead to this decision also by the expectation that 
information important for the analysis and description of the phenomena within 
the packing should be obtained. 

EXPERIMENTAL 

E'(perillientu/ set-up. The experimental set-up is shown schematically in Fig. 1. The column 
is of rectangular cross section 103 x 70·5 mm 830 or 230 mm long. At both ends the column 
was equipped with larger cylindrical chambers 150 mm in diameter. The length of the packing 
between the lower edge of the supporting liquid distributor in the upper chamber and the level 
of liquid in the bottom chamber was 950 or 350 mm. At the bottom end the packing was sub­
merg·:d into the liquid in the bottom chamber. The packing proper consisted of six sheets of ex­
panded metal with the 16 x 6 mm mesh size. The spacing of the sheets was 11·75 mm. The liquid 
in the storage tank was termostated to 20 ± 0·5°e. 

The inlet air was saturated by water vapours in the humidifying column and at the same time 
thermostated to 20 ± 1 ce. The humidified air was mixed with the absorbant gas in a mixer 
and the mixture entered, under the cocurrent flow arrangement, into the upper, or, under the 
counter-current flow, into the lower column chamber. 

:Weasured quuntities. Apart from the flow rate of gas, measured by an orifice made according 
to VOl (ref.4 ), and the flow rate of liquid, measured by a rotameter, the additional measured 
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FIG. 1 

Sketch of the set-up. 1 absorption column with vertical expanded metal sheets packing, 2 liquid 
storage tank, 3 pump, ... overflow tank,S rotameter, 6 syphon, 7 blower, 8 humidifying column, 
9 orifice, 10 mixer, 11 pressure cylinder, 12 gas analyser, 13 thermometer, 14 manometer 
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quantities were the temperatures of both streams at the inlet and the outlet of the column, absolute 
pressure in the column head and necessary data on composition of the phases. The pressure 
losses were tapped through pressure ports located in both chambers and measured by a micro­
manometer. 

During experiments measuring the interfacial surface the concentration of carbon dioxide 
(at the inlet 1'5- 2%) was measured in both streams by a Zeiss interferometer. The gas from the 
sampling point passed through a U-tube filled with silicagel to the suction end of a membrane 
pump further via a regulating valve to 1 m long kyveite of the interferometer. The connection 
was made of copper tubing of small cross section. The reason was that the time for steadying 
down with the use of a plastic or a rubber tubing was much too long apparently due to the 
sorption effects on the walls of the tubing. The concentration of the sodium hydroxide (initial 
concentration 0'5 kmol/m3 ) and sodium carbonate was analyzed by titration following Warder. 
Replacement of the sodium hydroxide solution was can ied always after its concentration in the 
tank had dropped below 0'3 kmol/m3 . 

During measurement of absorption with gas side resistance control the concentration of S02 
(inlet concentration 0·015 to 0'05%) was measured by a method proposed by Hochheiser5 • 

Experimental conditions. The superficial velocity of gas in the column was varied in the range 
between 0·7 and 3·5 mls for the counter-current and up to 3'8 mls for the cocurrent flow. The 
upper limit of the velocity was limited by the capacity of the air pump. For a selected flow rate 
of liquid the measurement encompassed about six to eight gas rates from the above range. Nine 
different liquid mass velocities were investigated from 1·35 to 25 kg/5m2• Corresponding densi­
ties of irrigation per unit length of the irrigated edge of the packing were 0·0165 and 0·307 kg/sm. 
The measurements necessary for the determination of the interfacial area and the number of trans­
fer units for absorption in the above range of rates were carried out for both the longer (0'95 m) 
and the shorter (0'35 m) column in the co- and counter-current flow arrangement. 

Data processing. The extent of the interfacial surface between the liquid and the gas exposed 
in the expanded metal sheet packing, on the walls of the column, in the distributor of liquid 
and on the level of the liquid in the bottom chamber were measured experimentally under the 
conditions of the pseudo first order reaction 7 . Carbon dioxide was absorbed from a mixture 
with air into the circulating solution of sodium hydroxide. 

The absorbed amount of carbon dioxide, G, was assessed from the concentration difference 
of CO2 in the inlet and the outlet and the flow rate of the gas mixture and is given by the fol­
lowing equation 

(1) 

Owing to the small height of the packed section and the small changes of composition of the gas 
and the liquid phase, all quantities in Eq. (1) were substituted as arithmetic means of the values 
at the inlet and the outlet end. The solubility of carbon dioxide in liquid at the given temperature 
and partial pressure was computed from the Henry law. An expression published by Danckwerts 
and Sharma6 was used to evaluate the Henry constant, while taking corrections on the presence 
of the hydroxide and carbonate from the Danckwerts'monograph 7 • From the same monograph 
we took over the equation for the second order reaction rate constant kgH at infinite dilution 

log kgu = 10'635 - 2 8951T. 

The effect of the ionic strength of the solution on the reaction rate constant 
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was evaluated from Fig. 10 presented in the paper of Nijsing, Hendriksz and Kramers8 while 
taking for I 

The diffusivity of carbon dioxide in the solution was corrected on temperature and viscosity 
according to 

following from the equation proposed by Wilke and Chang9 . For the diffusivity of CO2 in water 
at 25"C w~ took value 10 

The difference of the interfacial area A for the 0·95 m and 0'35 m columns, related to a unit 
volume of the column, corresponding to a 0·6 m high section, represents the resulting inter­
facial area per unit volume of the column a. 

The number of transfer units for absorption of S02 into the NaOH solution was evaluated 
from 

where Yin and Yout are mole fractions of S02 at the column inlet and the outlet. The difference 
between NOG values for the longer and the shorter column, related to the height of 0·6 m, repre­
sents Nodh. Analogously we proceeded in the evaluation of lip/h. The values of A, N OG ' lip 
for the shorter column were substracted from the graphically smoothed dependences of these 
quantities on the flow rate of gas for various irrigation rates. 

RESULTS 

Pressure Drop 

Averaged values of the pressure drop, obtained as part of the measurement of the 
interfacial area and as part of the S02 absorption measurements, are plotted in Fig. 2 
in dependence on the flow rate of liquid for various gas rates. A comparison of these 
values with the earlier data 11,12 in a column of circular cross section 108 mm in dia­
meter showed that the pressure drop in the rectangular column is by about 60 to 
110% higher. The cause for this observation rests apparently in the fact that in the 
column of circular cross section there was an empty space left between the packing 
and the wall of the column exhibiting a lower resistance than the channel between 
the sheets. In order to make the pressure drop across the packing the same as that 
across the empty space, the velocity of gas in the packing has to be lower. The frac­
tion of the column cross section left empty between the packing and the wall in case 
of the small column is relatively large (here about 20%). The true gas velocity in the 
packing for the small column of circular cross section is then probably significantly 
lower than the mean velocity to which the observed pressure drop was ascribed. 
In the column of rectangular cross section the above shortcoming has been suppres-
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sed and the pressure drop of the rectangular cross section, even though small, cor­
responds to large scale columns 13. 

Under the two phase flow of gas and liquid only part of the energy lost by the gas 
upon passing through the column is being dissipated in the gas phase. Another 
part is passed onto the liquid to be dissipated here. Commonly in plate columns 
and in case of strong gas/liquid interactions in packed beds, part of the energy is 
used up to create new gas/liquid interfacial area. From this standpoint it is logical 
to divide the overall pressure losses to those corresponding to the energy dissipated 
by gas phase friction, ApG' and the energy transferred to the liquid, APL. 

(2) 

The term ApL becomes manifest through the change of the hold-up (increased 
under the counter-current and decreased under the cocurrent flow) in comparison 
with the hold-up of liquid unaffected by the flow of gas. 

(3) 

Here and in the following cases the upper sign holds for the counter-current flow, 
while the lower sign is valid for co current flow. 

For the hold-up of liquid in the above cited papers ll •12 the following relationship 
was obtained based on the modified Nusselt's theory 

Perri' 
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FIG. 2 

Dependence of pressure drop on liquid and 
gas velocity 

ub .. .j(OG) (kgl / 2 • 

. S -I m -1/2) 0'85 1-30 1·90 2'75 4'00 

Counter-current 
flow () e ~ :81 ~ 

Cocurrent flow () ~ ~ 0 ~ 

Computed 
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a experimental values for the counter- and 
the co-current flow are graphically indistin­
guishable; -- computed dependence for 
the counter-current flow, ----- computed 
dependence for the cocurrent flow 
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For zero pressure drop this expression reduces to 

(5) 

The parameter 1/1 should, according to the theory, depend on the true interfacial 
area, which, however, was not measured. The use of the mean value for the descrip­
tion of the dependence of the liquid hold-up on gas velocity and liquid velocity 
lead to considerable deviations of the measured and computed values of the hold-up. 
For the correlation we therefore used a modified relation for the counter-current 
flowl I 

(6) 

Values of the parameters <p, b!, b1 are different fr- different types of the expanded 
metal sheet but independent of the spacing of the sneets. A good agreement has been 
found between experimental hold-ups and those computed from the correlation (6). 

Use of Eq. (6) is somewhat controversial outside the range of the conditions for 
which it had been obtained. For the evaluation of the term !J.PL we had to extrapolate 
into the region of lower irrigation rates, higher pressure drops and, in addition, 
to the case of the cocurrent flow. The theoretically founded expression (4) was there­
fore again applied to the set of experimental data from the original work!!. For the 
experiments with the 16 x 6 mm expanded metal sheets and the spacing 12·5 mm 
we used the original value of the coefficient <p (= 0·57 mjs2) and computed the value 
of 1/1. The obtained data on 1/1, averaged for individual irrigation rates, are plotted 
in Fig. 3 in dependence on the density of irrigation. The experimental data were 
fitted to the curve of the dependence of 1/1 on r. The broken line shows 1/1 from the 
original paper!!, obtained by averaging even for various irrigation rates and various 
spacings of the sheets. 

F!G.3 

Plot of the coefficient 'I' versus the density 
of irrigation 0 from experimental data 11. 

-- estimated dependence 'I' = 'I'(T), 

--- -- average value of 'I' for 16 x 6 mm 
expanded metal sheets and various spacings 
of the sheets from the previous paper! I 

Collection Czechoslovak Chern. Commun [Vol. 491 [19841 

o 

I 

L~ Ll..1 1! __ I ___ I __ I 1 _L-1-_LJ:J 
0-05 a-I 0-5 

r kgm's' 



2470 Cervenka, Brat, KoIM: 

For the calculation of LlPL one can thus use Eqs (3), (4) and (5) after substituting 
into Eq. (4) the coefficient t/I read off the graphical dependence in Fig. 3. The pres­
sure drop corresponding to the energy dissipated by friction in the gas phase, LlpG' 
can be computed from the overall pressure drop by using Eq. (2). 

For the correlation of LlPG as suitable appears the equation of Fanning's type 

(7) 

where the characteristics length scale of the channel between the sheets is 

(8) 

and the relative velocity of gas in the channel is 

(9) 

The void fraction e represents the void fraction of the column with the dry packing 
decreased by the fraction of the column cross section occupied by liquid. 

(10) 

In the previous papers 11,12 the effective surface velocity of liquid VL was expressed 
using the assumption that the thickness of the liquid film is constant and that the 
surface of the film moves at the mean velocity of the film. 

(ll) 

From comparison of the pressure drop under the co- and counter-current flow, 
particularly at low irrigation rates, it is, howevn, apparent that the effect of t'L 

is substantially smaller than that corresponding to Eq. (11). The spatial protrusion 
of the ribs of the expanded metal sheets affects the resistance of the channel between 
the sheets so strongly as to suppress the effect of the direction of the flow with resp(ct 
to the liquid on the relative velocity of gas, u r • 

In further work the effective surface velocity of liquid was taken to be an empirical 
parameter. For the evaluation the following assumptions were used: 1) The coef­
ficient of resistance ~ is the same for the co- and counter-current flow, provided 
that the value of the relative Reynolds number, ReGro and the flow rate of liquid Me 
the same, and depends solely on these quantities. 2) The effective velocity of liquid 
surface is independent of gas velocity. 

These assumptions are acceptable in thc region of low gas/liquid interactions. 
Their validity in the proximity of the flooding point, however, is rather dubious. 
As a first approximation the dependence of the friction coefficient on the Reynolds 
number was taken in the form of a power function ~ = b ReGro.zs, where b depends 
only on the flow rate of liquid. In accordance with the assumption lone obtained 
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from Eq. (7) the following expression for L'L 

(12) 

For the chosen velocity of gas (from the values ub vi (]G = 0·8; 1'3; 1·9 kgli! s - I • 

. m - 1(2) and the corresponding pair of !1PG for the counter- and cocurrent flow the 
value of VL was computed. The dependence of VL on the velocity of gas in the above 
range of gas velocities was not detected. The average values of VL for individual 
flow rates of liquid are shown in Fig. 4. The full line shows the dependence of VL 

on r computed from Eq. (11) for z = Zoo The broken line represents the estimate 
fitted to the experimental values VL' 

The values of the resistance coefficient according to Eq. (7) were computed from 
the experimental data by using smoothed values VL (broken line in Fig. 4). For the 
correlation of the resistance coefficient an equation of the Ergun type proved useful 

(13) 

The parameters b3 and b4 depend on the flow rate of liquid 

b3 = 190-241ro.4 , 

b4 = 0·13S-0·osrO.4 . 

With increasing flow rate of liquid b3 and b4 decrease. This well agrees with the con­
cept of diminishing "roughness" of the walls of the channel between the sheets of the 
expanded metal with increasing flow rate of liquid. 

FIG. 4 

Plot of the effective surface velocity of liquid 
verSllS density of irrigation. 0 computed 
from experimental data using Eq. (12), 

--- dependence computed from Eq. (11) 

for:: =- zo, ----- estimated course from 
experimental values 

--- ~---------~ .. -----
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Eq. (1) thus takes the form 

Ap = (b 3/ReGr + b4 )(h/d.)(u;Qo!2) ± ao(z - zo)gh/2. (14) 

The hold-up of liquid, z, however, must be computed from Eq. (4) which contains 
also the pressure drop. The calculation can be carried out by successive approxima­
tion. The computed dependences are shown in Fig. 2. These dependences agree 
well with the experimental data except for the neighbourhood of the flooding point. 

Interfacial Area 

The dependence of the interfacial area on the flow rate of gas at constant flow rate 
of liquid was found only in region above the loading point. In the experimentally 
investigated range of gas rates at counter-current flow this occurred for the densities 
of irrigation r ~ 0·104 kg/sm. The curves fitted to the experimental data and for 
higher liquid rates are shown in Fig. 5. An increase of the interfacial area was observed 
at cocurrent flow arrangement for the maximum liquid rates (r = 0·208; 0'260; 
0·307 kg/s m) at gas velocities from 3'5 to 3·8 mis, namely by 15 to 30%. Otherwise 
no effect of gas flow rate on the interacial area was observed for the cocurrent flow 
arrangement. 

The dependence of the extent of the interfacial surface on the flow rate of liquid 
for both the cocurrent and the counter-current flow arrangement is depicted in Fig. 6. 
Experimental data in this figure represent the average from the region below the 
loading. The interfacial area increases with increasing flow rate of liquid. From the 
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Plot of interfacial area versus gas velocity for 
various liquid rates at counter-current flow. 
1 r = 0·307 kg!sm; 2 r = 0·260 kg!sm; 
3 r= 0'208kgjsm; 4 r= 0'156kgjsm; 
5 r = 0·104 kg!sm; 6 r = 0'066 kgjsm 
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density of irrigation from 0'104 to 0·156 kg/sm, when the majority of the mesh 
openings of the expanded metal sheet is covered by the liquid film, the growth is slow. 
The differences for the co- and counter-current flow are small. The finding that for 
seven out of nine pairs the interfacial areas for the cocurrent flow is greater is probably 
insignificant. The figure shows also some interesting geometrical characteristics 
of the column: the surface of the ribs of the expanded metal sheet, specific surface 
of the packing, Go and the same quantity increased by the surface of the column 
walls. The results of measurements correspond also to the results of visual observa­
tion showing that in case of high flow rates the liquid irrigates partially also the walls 
of the column. 

The dependence of the interfacial area on the flow rate of liquid can be correlated 
by the expression14 

(15) 

where b5 = 188 m2/m3 , b6 = 27 m2/m 3 , b-, = 18·6 ms/kg. The dependence ac­
cording to Eq. (15) is shown in Fig. 6 by the solid line. 
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The Number of Transfer Units 

The dependence of the number of transfer units on the flow rate of liquid for dif­
ferent gas velocities is shown in Fig. 7. According to the experimental results the 
number of transfer units for the region below the loading point is independent of the 
flow rate of liquid and decreases with the flow rate of gas. In region above the loading 
and the counter-current flow of phases the number of transfer units increases with 
increasing flow rate of both liquid and gas. For the cocurrent flow arrangement the 
increased number of the transfer units appears only for the maximum gas velocities 
3·5 to 3·8 m/s and for the highest densities of irrigation (for r = 0·307 kg/sm by about 
35~~). In region below the loading the differences between N OG for the counter­
and co-current flows are insignificant. Only at the lowest gas velocities (0'7 to 0'9 m/s) 
is the average value of N OG for the cocurrent flow by about 5% higher than for the 
counter-current flow. 

The number of transfer units in region prior to the onset of the loading can be 
correlated, for the given system and packing, by the relationship 
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N !I ., 63 -0 23 OG I = _. u b · • (16) 

The values computed from Eq. (16) are shown in Fig. 7 by solid lines. 

The Onset of Loading 

T he onset of loading is the state when an observable effect of the counter-currently 
fkwing gas phase on the flowing liquid appears. At constant flow rate of liquid 
thJ~ becomes manifest on the changed character of the plot of the pressure drop, 
tht number of transfer units and the interfacial area versus the gas velocity. 1ntro­
dlJdion of the notion of the loading point has only practical significance for in reality 
rf,t" above changes are continuous. 

The "experimental" value of the onset of loading for a given flow rate of liquid was 
ot,lained in such a manner that the gas velocity was estimated for which a change of 
th character appeared on the plots .1p(ub), a(u b) and NOG(ub). The arithmetic 
a1t:rage of the three values represents the gas velocity of the loading point. For the 
IfTJgation rates less than 0·104 kg!ms no loading point was detected in the experi­
mt.ntally investigated range of gas velocities. 

The beginning of the loading was correlated by the earlier used expression 12 for the 
correlation of the flooding point 

(17) 

where 

U = [(QG!Qd2 (€h!/lG)]1/4 

V = {2ge3etde![Qt(JlL!Jlwr2]}1/4 

and P8 = 1·72; b9 = 2·48. A comparison of the "experimental" values of U and V 
\\)1 h the correlation (17) is shown in Fig. 8. 

The Gas Side Mass Transfer Coefficient 

Till dependence of the mass transfer coefficient kG on the velocity of gas is shown 
in Fig. 9 for several liquid rates. The mass transfer coefficient is approximately pro­
p'.lrilOnal to U~·77. Significant is the dependence of kG on the density of irrigation 
f01 r .::5 0·104 kg!sm. With increasing liquid rate kG diminishes. The plot of kG 
dues not exhibit the change at the onset of loading analogous to the change of the 
dtpendences of a(ub ) and Nodub). The change of the dependence of Nodub) at the 
orise! of loading is thus proportional to the change of the dependence a( ub). 
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LIST OF SYMBOLS 

a specific interfacial area (m - 1) 

ao specific surface of packing (twice the surface of the sheet per unit volume) (m -1) 

A interfacial area (m2) 
hi - b9 

CA 

ceo, 
cOH 
de 
DA 
e 
g 

G 
h 

I 
kG 
kOH 

k8H 
NOG 

Ap 

APG 
API. 
p 

ReGr 

QG 
QL 

T 

z 

coefficients in the correlations 
concentration of CO2 in liquid (mol/m3 ) 

concentration of carbonate ions in liquid (mo!,'m3 ) 

concentration of hydroxyl ions in liquid (mol/m3 ) 

equivalent diameter (m) 
diffusivity of carbon dioxide in solution (m2 s - 1) 

void fraction 
acceleration due to gravity (m s - 2) 
absorbed amount of carbon dioxide (molls) 
height of packing (m) 
ionic strength of solution (mol/m3 ) 

gas side mass transfer coefficient (m s - 1 ) 

rate constant (m3 mol-I s -I) 

rate constant at infinite dilution (m3 mol- 1 s - 1) 

number of transfer units related to the gas phase (-) 
overall pressure drop (Pa) 
pressure drop due to friction (Pa) 
pressure drop of gas corresponding to energy transmitted to liquid (Pa) 
spacing of sheets (m) 
relative Reynolds number in gas phase (-). ReGr = urde/vG 

gas mass velocity (kg!m2 s) 
liquid mass velocity (kg/m2 s) 
absolute temperature (K) 
superficial velocity of gas (m/s) 
relative gas velocity within the packing (mls) 
parameter in Eq. (17) 
effective surface velocity of liquid (m/s) 

parameter in Eq. (17) 
mole fraction in gas phase ( k mol of species/k mol of mixture) 
hold-up related to 1 m2 of expanded metal sheet (kg/m2 ) 

hold-up of liquid at Ap = 0 (kg/m2) 
mass rate of liquid per unit length of irrigated edge of packing (kg/sm) 
liquid viscosity (kg/m s) 
viscosity of water at 20°C (kg/m s) 
kinematic viscosity of gas (m2/s) 
coefficient of resistance in Eq. (7) 
density of gas (kg/m3 ) 

density of liquid (kg/m3 ) 

coefficient in Eq. (4) (m/s2) 
coefficient in Eq. (4) (-) 
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