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Abstract

Chemical dehumidification of air by a liquid desiccant in a packed tower has been investigated both theoretically and
experimentally for air conditioning and industrial applications. A computer model of a packed tower, able to determine heat
and mass transfer between air and desiccant, has been developed and a parametrical study was carried out considering the
solutions H2O/LiBr and H2O/CaCl2 to determine the optimum operative conditions. An experimental apparatus including a
packed tower and a desiccant regenerator has been described together with experimental results: a set of 70 experimental runs
with H2O/LiBr. Data have been reported and compared against the results of the computer code simulations.q 1999 Elsevier
Science Ltd and IIR. All rights reserved.
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Deshumidification chimique par des substances absorbantes
liquides: theorie et expe´rimentation

Resumé

La deshumidification chimique de l’air par des substances absorbantes liquides dans une tour absorbante a ete´ etudiésoit
theoriquement soit experimentalement pour des applications dans le conditionnement de l’air et industriales. Un mode`le a
l’ordinateur de la tour, capable de de´terminer le transfert de chaleur et de masse entre l’air et le deshumidifiant a ete´ développé
et une e´tude parame´trique a conside´ré les solutions H2O/LiBr et H2O/CaCl2 pour déterminer les meilleurs conditions ope´ra-
tives. Un circuit expe´rimental compose´ d’une tour absorbante et d’un re´generateur des absorbants est de´crit et les resultats
experimentaux y sont reporte´s. Les resultats sont compare´s avec les pre´visions du mode`le.q 1999 Elsevier Science Ltd and IIR.
All rights reserved.

Mots clés: Conditionnement d’air; Bromure de lithium; Chlorure de calcium; Absorption

Nomenclature

a Specific interfacial surface [m2 m23]
c Specific heat [J (kg K)21]
D Molecular diffusivity [m2 s21]

ds Equivalent diameter of packing elements [m]
F Mass transfer coefficient [kmol (m2 s)21]
G Air mass flow rate [kg s21]
G0 Air specific mass flow rate [kg (m2 s)21]
h Specific enthalpy [J kg21]
k Mass transfer coefficient [kmol (m2 s mole

fraction)21]
L Solution mass flow rate [kg s21]
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L 0 Solution specific mass flow rate [kg (m2 s)21]
M Molecular weight [kmol kg21]
N Specific interfacial molar flow rate

[kmol (m2 s)21]
P Pressure [Pa]
q Heat flux [W m22]
r Latent heat [J kg21]
Sc Schmidt number
t Temperature [K]
X Solution concentration, [kg salt (kg solution)21]
XM Molar concentration of water in the solution

[kmol water (kmol solution)21]
Y Humidity ratio [kg water (kg dry air)21]
YM Molar concentration of water in air [kmol water

(kmol air)21]
Z Coordinate along the column [m]
a Heat transfer coefficient [W (m2 K)21]
a 0 Corrected heat transfer coefficient [W (m2 K)21]
1 Void space in the packing [m3 voids (m3 packed

volume)21]
1L0 Operating void space in the packing [m3 voids

(m3 packed volume)21]
1T Tower efficiency
FLt Total liquid holdup [m3 liquid (m3 packed

volume)21]
FLO Moving liquid holdup [m3 liquid (m3 packed

volume)21]
FLS Static liquid holdup [m3 liquid (m3 packed

volume)21]
l Thermal conductivity [W m21 K21)]
m Dynamic viscosity, [kg (m s)21]
r Density [kg m23]
D Difference

Subscripts
G Air side
i Interfacial
L Solution side
t Total
V Water vapour
0 Reference condition

1. Introduction

It is often necessary to control and modify the water
vapour content in the air: the operation is quite usual in
air conditioning and also in many industrial processes
such as drying and preservation of some goods. Normally
the water vapour content of atmospheric air is small, some
tens of grams per kilo of air; nonetheless, due to the very
high heat of vaporization, the latent heat content in air
conditioning is of the same order of the sensible one. The
relative importance of latent load increases with the ventila-
tion rates to buildings. Higher ventilation rates are dictated

both by better comfort requirements and by the most recent
Standards such as the ASHRAE 62/89 [1].

Whereas the process of increasing the humidity ratio of
air is relatively easily carried out with an energy cost
approximately equivalent to the heat of vaporization of the
added water, a humidity ratio reduction requires more
complex processes. Basically two methods are at hand.
The more common is the air cooling below dew point: the
humidity ratio tends to reach a value close to the apparatus-
dew point temperature. Cooling is usually obtained with
refrigeration machinery and often some postheating is
required to heat the air before it is supplied to the rooms.
The other possibility is chemical dehumidification. Solid or
liquid desiccants are able to reduce the water vapour content
of moist air. The energy cost of the process is due to desic-
cant reactivation, obtained by heating, which requires low
grade heat, obtainable either by a waste heat source, such as
the heat recovery from an internal combustion engine, or by
solar collectors. Of course regeneration can be achieved also
by heat produced by a conventional burner. In dehumidifi-
cation by cooling the enthalpy of eliminated vapour is
normally lost to the system (unless a heat pump is operated).
In chemical dehumidification this energy is available partly
in the air and partly in the desiccant as sensible heat.
According to the process, this heat may be useful. For exam-
ple if the reactivation is carried out at pressures higher than
atmospheric, heat recovery from the condensing vapour is
possible at temperatures greater than 1008C. In principle,
even second effect regeneration might be obtained by
using a second regenerator at a lower pressure, energized
by condensing vapour. Chemical dehumidification had until
now few applications. The most widespread systems are
desiccant wheels, which use mainly solid sorption, and
packed towers which use liquid desiccants. Analyses of air
conditioning and industrial drying processes showed the
potential application of liquid sorbent dehumidification
with possible latent heat recovery. Whereas a literature
search reveals many theoretical models concerned with
the performance of liquid desiccants heat/mass exchangers
[2–4], experimental data are seldom reported. The few
experimental studies that are reported are concerned with
LiCl and CaCl2 [5–7] rather than LiBr [8]. Moreover, data
points are sometimes not completely specified [9].

This paper is concerned with the operation of packed bed
systems. These are analysed both theoretically and experi-
mentally, developing a computer model and surveying the
operations on a testing rig realized on purpose to check the
feasibility of liquid desiccant systems in air conditioning
[10].

2. A computer model

A packed tower is a vertical column filled with packing
such as Raschig rings or other elements with a large inter-
facial surface between air and liquid. The air was assumed to
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Fig. 1. Humidity reduction as a function of the inlet solution temperature.
Fig. 1. Diminution de l’humidite´ en fonction de la tempe´rature de la solution a` l’entrée.

Fig. 2. Humidity reduction as a function of the inlet solution concentration.
Fig. 2. Diminution de l’humidite´ en fonction de la concentration de la solution a` l’entrée.



flow counter-current to the solution. The liquid, distributed
over the packing, trickles down over the surface of the pack-
ing so that a large surface for contact is available to the air.

A theoretical one-dimensional analysis of an adiabatic
tower with negligible liquid thermal resistance was devel-
oped. The analytical details for determining heat and mass
transfer for every transversal section of the packed column
are reported elsewhere [8,11,12]. Therefore, the mathema-
tical model will be reported only briefly in Appendix A.
Suitable subroutines were realized for thermophysical prop-
erty calculations and the heat/mass transfer coefficient
evaluation (at first of liquid desiccants CaCl2–H2O and
LiBr–H2O). The whole column is analysed by its subdivi-
sion into an appropriate number of sections. Initial assump-
tions on outlet conditions can be verified and adjusted by
iteration. The model specifies the main characteristics of the
packing. Temperature, humidity ratio and specific flow rate
are supplied for the inlet air. Temperature, concentration
and specific flow rate at the inlet are given with reference
to the sorbent. The model computes the correspondent
values at the outlet and also provides an insight into the
process down the column. A parametric study was carried
out to consider the experimental set-up, which will be
described later. Air inlet temperature was set at 308C with
a humidity ratio of 0.020 kg kgd.a.

21 (relative humidity 75%).
Air flow rate was set at 0.1 kg s21, i.e. a specific flow rate

(flow rate per unit transversal area of the tower here consid-
ered) 0.8 kg m22 s21. First the influence of the inlet solution
temperature was studied. Fig. 1 gives the reduction of the air

humidity ratio through the column as a function of the inlet
solution temperature with a solution flow rate of 0.2 kg s21

(a ratio of liquid/gas mass flow rate,L/G � 2). The CaCl2
mass concentration is 40% and the LiBr is 60% (kg salt kg
solution21). These inlet concentration values were chosen
since the solutions have then similar crystallization tempera-
tures (about 11–128C), which is far enough from the opera-
tive range. The influence of temperature is apparent. Greater
dehumidification can be obtained by increasing the con-
centration of the solution. This is illustrated in Fig. 2,
where the reduction of the air humidity ratio is given as a
function of the concentration (inlet solution temperature
308C and anL/G� 2). Of course the solution concentration
cannot go beyond the crystallization limit.

The influence of the liquid/gas (L/G) flow rate ratio is
given by Fig. 3, where the humidity ratio reduction is repre-
sented as a function ofL/G (CaCl2 concentration 40%, LiBr
60%, temperature 308C). Raising this ratio higher than 2
affords little advantage, whereas lower than unity leads to
a worse performance. A ratio between 1.0 and 2.5 should be
maintained.

It is interesting to consider the temperature variation for
the air and the solution along the tower. This temperature
trend is pictured in Figs. 4a and b for the two sorbents:
starting with air and solution at the same inlet temperature,
the air is first heated, associated with a rapid dehumidifica-
tion. This is followed by cooling, due to heat exchange with
the solution.

Because the solution has a higher flow rate and specific
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Fig. 3. Humidity reduction as a function of the flow rates ratioL/G.
Fig. 3. Diminution de l’humidite´ en fonction du rapport des flux L/G.



heat, the air temperature tends to follow that of the solution.
For this reason the air temperature outlet is only slightly
higher than the inlet solution. The latent heat developed in
dehumidification is found as sensible heat in the solution
whose outlet temperature is almost 48C higher for CaCl2
and more than 108C for LiBr.

Dehumidification is particularly effective within the first
sections of the packing after the air inlet, when the air has
the highest humidity ratio, even if the solution temperature
is also the highest. Consider in Fig. 5, the reduction in
humidity ratio as a function of the position from the air
inlet in the packing.
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Fig. 4. (a) Solution and air temperature profiles along the tower: CaCl2. (b) Solution and air temperature profiles along the tower: LiBr.
Fig. 4. (a) Profils des tempe´ratures de la solution et de l’air le long de la colonne: CaCl2. (b) Profils des tempe´ratures de la solution et de l’air le
long de la colonne: LiBr.
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Fig. 5. Humidity reduction as a function of the position from the air inlet.
Fig. 5. Diminution de l’humidite´ en fonction de la position par rapport a` l’entrée d’air.

Fig. 6. Real view of the experimental rig.
Fig. 6. Photo du banc d’essai.



The computer model was useful in fixing the experimen-
tal range. For example, the solution concentration must be
greater than 45% for LiBr. However, its temperature should
be lower than 408C and, if possible, between 20 and 308C.
The specific flow rate was set from 1 to 2 kg m22 s21. This
choice allows a rational utilization of the column with
reasonable pressure decreases. As regards the air tempera-
ture, this can be high, provided suitable values of solution
concentration and temperature are selected and the humidity
ratio is sufficiently great. The liquid/gas ratio should be set
between 1 and 2: a slight increase in comparison with the
values previously suggested allows a smaller tower height.
The air specific flow rate is set between 1–2 kg m22 s21.

3. Experimental apparatus and first results

The experimental apparatus (Figs. 6 and 7), consists of an
air loop and a desiccant loop. The desiccant is an aqueous
solution of LiBr: CaCl2 is very cheap, but the ability of LiBr
to dehumidify is far better. In the first loop ambient air,
supplied by a fan, is heated and humidified to achieve the
set conditions at the inlet of the packed tower. A fan, driven
by a two-speed motor, provides an air flow rate from 0 to
400 (m3 h21), according to the position of a damper at the
fan inlet, whereas the power of the heating element can be
varied from 0 to 2000 W. The steam humidifier ensures a
maximum vapour flow rate of 5 kg h21 with a solid state

humidity control. The air goes through the packed bed,
where the counterflow heat and mass transfer with the desic-
cant takes place and then, dehumidified and heated, it is
discharged. The tower shell, made of stainless steel,
725 mm in height and 400 mm in diameter is filled with
randomly packed 25 mm plastic Pall Rings supported by a
stainless steel net and sprinkled by a liquid distributor. A
large chamber at the bottom of the tower provides a good air
distribution entering the column, whereas a stainless steel
wire mesh at the top removes desiccant droplets carried out
by the air at the highest velocities. An air duct, manufac-
tured from a 160-mm diameter PVC tube, contains three
measurement stations. The first of these is between the heat-
ing section and the humidifier. The remaining two are
located at the inlet and the outlet of the tower to measure
temperature and relative humidity. Each measuring station
consists of two temperature taps instrumented with T-type
thermocouples placed at different positions in the gas flow
and a humidity tap containing an electronic humidity probe.
The pressure drop of the air flow across the tower is
measured by a U-tube manometer, while the air flow rate
is measured by a diaphragm inserted in the air duct at the
outlet of the tower after 3000 mm of straight tube.

The H2O/LiBr solution is mantained at constant tempera-
ture and uniform concentration in a 200-l stainless steel
tank, from where it is pumped into the tower and sprinkled
onto the packed bed. The concentration of the solution is
derived from density measurements by a digital densimeter.
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Fig. 7. Schematic diagram of the experimental rig.
Fig. 7. Sche´ma du banc d’essai.

Table 1
Specification of the different measuring devices
Tableau 1. Caracte´ristiques des appareils de mesure

Devices Type Accuracy Operative range Fluid

Thermometers Thermocouples T 0.18C 0–608C Air and solution
Hygrometers Capacitive sensor 2% RH 0–95% RH Air
Solution flowmeter Rotameter 2% 0–500 l h21 Solution
Densimeter Oscillator cell 1 kg m2 3 500–1999 kg m23 Solution

Thermistor 0.18C 0–408C

Manometer U-tube with water 1 mm H2O 0–200 mm H2O Air
Air flowmeter Diaphragm 2% 0–800 m3 h21 Air



The flow rate of the desiccant, varied by the bypass valve of
the tank, is measured by a rotameter and also by evaluating
the variation of the liquid level in the tank in a fixed time.
The solution, after the heat and mass transfer with air,
collects in the bottom of the tower and flows under gravity
in the regenerator. In this device the desiccant solution is
regenerated by a 6000-W electric heating element controlled
by solid state power module using a condenser and a
vacuum pump to extract the excess water. From here the
solution returns to the storage tank. The temperature of the

solution is measured at the inlet and outlet of the tower by T-
type thermocouples, whereas the concentration is taken at
the outlet of the tower. The readings of the thermocouples
and of the hygrometers are scanned and recorded by a data
logger, whereas the measurements of air and desiccant flow
rates and solution concentration are taken manually and then
implemented into the computer. Table 1 gives the main
characteristics of different measuring devices used during
the experimental sessions. Only the dehumidification
process is considered in this paper. The regeneration process
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Fig. 8. Comparison between experimental humidity reduction and calculated values by the simulation program.
Fig. 8. Comparaison entre les diminutions expe´rimentales et pre´dites par le programme de simulation.

Fig. 9. Thermal balance during experimental runs: solution enthalpy balance vs air enthalpy balance.
Fig. 9. Bilan thermique pendant des essais expe´rimentaux: bilan enthalpiques de la solution compare´ à celui du bilan enthalpique de l’air.



is not described here. Before starting each dehumidification
run the solution in the tank was recirculated through the
bypass circuit to ensure uniform conditions. Then the
concentration was accurately measured. The air and desic-
cant flow rates were then established at set values while
temperature and humidity readings at different points
around the rig were recorded.

Once steady state conditions of temperature and humidity
were achieved, readings were collected. Whereas flow and

pressure drop measurements were repeated three times, a
sample of solution was taken at the outlet of the tower to
measure its concentration. All these measures were implemen-
ted into the computer which calculated the heat and mass
balances over the tower to determine the moisture extraction
and the temperature variation for both air and solution.

The first set of 16 dehumidification runs was carried out
using a liquid distributor having four spray holes, whereas
the remaining set of 54 experimental data were performed
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Fig. 10. (a) Humidity reduction vs flow rate ratioL/G: experimental results (second set of data andTsi� 248C). (b) Humidity reduction vs flow
rate ratioL/G: experimental results (second set of data andTsi � 328C).
Fig. 10. (a) Diminution de l’humidite´ en fonction du rapport des flux L/G: re´sultats expe´rimentaux (deuxie`me jeu de donne´es et Tsi� 248C). (b)
Diminution de l’humidite´ en fonction du rapport des flux L/G: re´sultats expe´rimentaux (deuxie´me jeu de donne´es et Tsi � 328).



with an implemented liquid distributor having 12 spray
holes. These data included air flow rate (G) at 220 m3 h21

(61.1 l s21), desiccant flow rate (L) ranging from 66 to
467 kg h21 (0.0183–0.1297 kg s21), inlet air temperature
(Tai) from 23.6 to 35.48C and humidity ratio (Yi) from 10.4
to 18.7 g kg21, inlet desiccant temperature (Tsi) from 16.1 to
34.18C and inlet concentration (Xi) from 53 to 57% LiBr.

A detailed error analysis indicated an overall accuracy of

the measured humidity reduction across the tower within
20%.

Fig. 8 shows a comparison between the experimental
humidity reduction across the tower and the calculated
values by the simulation program under the same operating
conditions: the model overpredicts experimental data with
an absolute mean deviation around 20% but with better
results for the second set of data.
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Fig. 11. (a) Tower efficiency vs flow rate ratioL/G: eperimental results (second set of data andTsi � 248C). (b) Tower efficiency vs flow rate
ratio L/G: experimental results (second set of data andTsi � 328C).
Fig. 11. (a) Efficacite´ de la colonne en fonction du rapport des flux L/G: re´sultats expe´rimentaux (deuxie`me jeu de donne´es et Tsi � 248C). (b)
Efficacitéde la colonne en fonction du rapport des flux L/G: (deuxie´me jeu de donne´es et Tsi � 328C).



The assumed adiabatic conditions during experimental
runs are confirmed by Fig. 9, which plots the enthalpy
balance on the solution side vs the enthalpy balance on
the air side across the tower: as can be seen from Fig. 9
the discrepancy is within the experimental uncertainty
(less than 20%).

Figs. 10a and b illustrate the humidity reduction across
the tower obtained during the second set of experimental
runs as a function of the flow rate ratio (L/G) for desiccant
inlet temperatures of 24 and 328C, respectively. As can be
seen the experimental trend is similar to those predicted by
the computational program (Fig. 3).

Figs. 11a and b show the tower efficiency as a function of
the the flow rate ratio (L/G) for the same experimental runs
considered in Figs. 10a and b. The tower efficiency is equal
to the ratio between the actual humidity reduction across the
tower and the maximum humidity reduction possible under
given conditions:

1T � �Yin 2 Yout�=�Yin 2 Yout:min�

The maximum humidity reduction is achieved when the
partial vapour pressure of the air at the outlet of the tower is
equal to the saturation pressure of the solution at the inlet of
the tower, that is the water vapour pressure in air which has
come into equilibrium with solution.

Yout:min , Pvap:air:out � Psol:in

The tower efficiency increases with the flow rate ratio up
to 80–90% for the highest ratios tested, around 2. The sensi-
tivity to this parameter is higher for the runs at the highest
inlet humidity ratio.

4. Conclusions

A set of experimental surveys has been carried out on a
testing rig over a wide range of air temperatures and humid-
ities, solution temperatures, concentrations and flow rate
ratios (L/G). Humidity reduction by liquid desiccants has
been demonstrated, which may be useful in air conditioning
[13–15].

The recorded experimental data are close to values
predicted by a simple computer model. Careful design of
the packed tower can improve its performance appreciably,
as shown by the better results obtained by a more uniform
solution sprinkling with a new distributor. In addition, other
packing media are expected to perform more efficiently
[16].

All the same, good tower efficiency can be obtained by
choosing appropriate flow ratios in the design of a pilot air
conditioning plant, while the experimental rig is useful for
further analysis with other desiccants, packings and above
all for the experimental of the reactivation process.

Appendix A. Mathematical model of the packed column

The theoretical model of the packed tower is based on the
following assumptions:

1. the system is adiabatic,
2. the thermal resistance in the liquid phase is negligible

compared with the gas phase,
3. the heat and mass transfers occur only in a transverse

direction to gas and liquid flows,
4. the interface areas active in heat and mass transfer

processes are the same.
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Fig. 12. Differential section of a packed column.
Fig. 12. Section diffe´rentielle d’une colonne garnie.



The enthalpy of the desiccant with respect to a reference
temperaturet0 results:

hL � cL�t 2 t0�1 hS �1�
where cL is the specific heat andhS the dilution heat of
solution at the reference temperature. For humid air the
specific enthalpy is:

hG � cG�t 2 t0�1 Y�cV�tG 2 t0�1 r0� �2�
with Y the humidity ratio,cG andcV specific heat for dry air
and steam, respectively, andr0 water latent heat at the refer-
ence temperature.

Fig. 12 shows a differential control volume of the tower
1 m2 in cross section area and dZ in height: the heat and
mass transfer takes place at the interface between solution
and air in a counterflow configuration. The mass conserva-
tion equation for the water content gives:

dL 0 � G0dY �3�
whereL 0 and G0 are the specific mass flow rate (kg (m22

s)21) for the liquid and gas phases. The mass transfer at the
interface gives:

NVMVadZ � 2G0dY �4�
where ‘a’ is the specific interfacial surface (m2 of interface
per m3 of packed volume) function of packing structure,MV

is the molecular weight of water andNV the specific inter-
facial molar flow rate (kmol (m22 s)21). This parameter can
be related to the interfacialYMi and bulkYM molar concen-
tration of water in air flow by the following correlation:

NV � FGln��1 2 YMi �=�1 2 YM�� �5�
whereFG is the mass transfer coefficient relative to the gas
phase (kmol (m22s)21). The molar concentrationYM is
correlated to the humidity ratio by the relation:

YM � pvG=pt � Y=�Y 1 MV =MG� �6�
with pvG andpt vapour partial pressure and total pressure in
humid air, andMG the molecular weight of dry air. If the
interfacial mass transfer resistance in the liquid phase is
negligible, the interfacial vapour pressure is equal to that
in the solution and Eq. (5) becomes:

NV � FGln��1 2 pvL =pt�=�1 2 pvG=pt�� �7�
The mass transfer coefficientFG can be computed by the

following empirical correlation [11]:

FG � 1:195G dsG
0
=�mG�1 2 1L0��

� 	20:36Sc20:667 �8�
wheredS is the equivalent diameter of the packing elements
reported in Table 2,mG is the gas dynamic viscosity and1L0

is the operating void space in the packing equal to void
space of the dry packing minus the total liquid holdup:

1L0 � 1 2 FLt �9�

FLt � FLO 1 FLS �10�

The total liquid holdup consists of the ‘moving holdup’
FLO (liquid retained in the packing and continually replaced
by fresh liquid) and the ‘static holdup’FLS (liquid retained
in the interstices of the packing and only slowly replaced by
fresh liquid): Table 2 gives some holdup correlations for
different packing elements.

The Schmidt number is the equivalent for mass transfer to
the Prandtl number for heat transfer and results:

ScG � mG=rGDG �11�
with rG andDG the density and molecular diffusivity of air,
respectively.

The interfacial area for absorption with water or aqueous
solutions can be evaluated by the following equation [11]:

aA � m�808G0=r0:5
G �nL 0p �12�

The coefficientsm, n andp are given in Table 2,L 0 is the
liquid specific flow rate.

From Eq. (4) and Eq. (5) we obtain:

2G0dY� �MVFGadZ�ln��1 2 YMi ��=�1 2 YM�� �13�
and so the basic differential equation for the mass transfer
gives:

�dY=dZ� � 2�MVFGa=G0�ln��1 2 YMi �=�1 2 YM�� �14�
The interfacial molar concentrationYMi in the gas phase

can be calculated by considering the mass balance at the
interface. The specific interfacial mass transfer on the solu-
tion side gives:

NL � FL ln��1 2 XM�=�1 2 XMi �� �15�
whereXM andXMi are the bulk and interfacial molar concen-
tration in water of the solution, whileFL is the mass transfer
coefficient in the liquid phase equal to:

FL � kL�rL =ML�XMBM �16�
XMBM is the average molar concentration in salt of the solu-
tion, while ML is the average molecular weight of the solu-
tion. The liquid-phase mass transfer coefficientkL can be
calculated by the following empirical correlation [11]:

kL � 25:1�DL =ds��dsL
0
=mL�0:45Sc0:5

L �17�
where the Schmidt number for the solution is:

ScL � mL =rLDL �18�
with DL molecular diffusivity of liquid phase.

By equating the specific interfacial mass transfer on the
gas side (Eq. 5) to that on the liquid side (Eq. 15) it is
possible to derive the following expression for the interfa-
cial molar concentration in water on the air side:

YMi � 1 2 �1 2 YM���1 2 XM�=�1 2 XMi ��FL =FG �19�
This equation has to be solved simultaneously with the

vapour–liquid equilibrium equation for the solution by an
iterative procedure.
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The simultaneous heat transfer gives:

qGadZ � a 0Ga�tG 2 ti�dZ �20�
whereqG is the sensible heat flux on the gas side (W m22);
a 0G is the gas heat transfer coefficient corrected to account
for simultaneous mass transfer (Ackermann correction),tG
and ti are the bulk and interfacial air temperature. The
Ackermann correction for simultaneous mass transfer gives:

a 0Ga� NVMVcVa=�1 2 exp�2NVMVcVa=aGa�� �21�
Considering Eq. (4) it gives:

a 0Ga� 2G0cV�dY=dZ�=�1 2 exp�G0cV�dY=dZ�=aGa� �22�
The heat transfer coefficient for airaG can be calculated by
the following equation:

aG � 1:195G0cG dsG
0
=�mG�1 2 1L0��

� 	20:36�mGcG=lG�20:667

�23�
derived by the analogy between heat and mass transfer from
Eq. (8): the Schmidt number in Eq. (8) has been replaced by
the Prandlt numbermGcG/lG.

Now we can establish a thermal balance on the air side in
the following form:

G0hG 2 G0�hG 1 dhG�1 G0dY�cV�tG 2 t0�1 r0�
� a 0Ga�tG 2 ti�dZ �24�

where the enthalpy variation of air across the differential
element gives:

dhG � cGdtG 1 YcVdtG 1 dY�cV�tG 2 t0�1 r0� �25�
Rearranging Eq. (24) and Eq. (25) we obtain the basic

differential equation for heat transfer:

�dtG=dZ� � 2a 0Ga�tG 2 ti�=�G0�cG 1 YcV�� �26�
Now we have the relations (Eq. (14) and Eq. (26)) to

compute the humidity and temperature gradients along the
packed column on the air side and we can establish an over-
all thermal balance for the adiabatic system solution–air,
exactly:

L 0dhL 1 G0dY hL � G0dhG �27�
Eq. (1) and Eq. (24) give:

L 0�cLdtL 1 d�DhS��1 G0dY�cL�tL 2 t0�1 DhS�
� cGdtG 1 YcVdtG 1 dY�cV�tG 2 t0�1 r0�f gG0

Neglecting the variation of diluition heat d(hS) we obtain
the solution temperature gradient across the column:

�dtL =dZ� � �G0=L 0cL� �cG 1 YcV��dtG=dZ�f
1 �cV�tG 2 t0�1 r0��dY=dZ�
2 �cL�tL 2 t0�1 hS��dY=dZ�g �28�

So we have the differential equation for all the character-
istic parameters of both the flows and we can simulate the
packed column section by section.

Thermodynamical, thermophysical and transport proper-
ties of the desiccant solutions considered, H2O/LiBr and
H2O/CaCl2, have been calculated in accordance with Refs.
[17–19].
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