
Solar Energy Vol. 72, No. 4, pp. 351–361, 2002
2002 Elsevier Science Ltd

Pergamon PII: S0038 – 092X( 02 )00013 – 0 All rights reserved. Printed in Great Britain
0038-092X/02/$ - see front matter

www.elsevier.com/ locate / solener

STUDY OF AN AQUEOUS LITHIUM CHLORIDE DESICCANT SYSTEM: AIR
DEHUMIDIFICATION AND DESICCANT REGENERATION

,†* **NELSON FUMO and D. Y. GOSWAMI
´ ´*Universidad Nacional Experimental del Tachira, San Cristobal, Venezuela

**Solar Energy and Energy Conversion Laboratory, Department of Mechanical Engineering, University of
Florida, POB 11630, Gainesville, FL 32611-6300, USA

Received 3 November 2000; revised version accepted 27 December 2001

Communicated by BYARD WOOD

Abstract—Desiccant systems have been proposed as energy saving alternatives to vapor compression air
conditioning for handling the latent load. Use of liquid desiccants offers several design and performance
advantages over solid desiccants, especially when solar energy is used for regeneration. For liquid–gas contact,
packed towers with low pressure drop provide good heat and mass transfer characteristics for compact designs.
This paper presents the results from a study of the performance of a packed tower absorber and regenerator for
an aqueous lithium chloride desiccant dehumidification system. The rates of dehumidification and regeneration,
as well as the effectiveness of the dehumidification and regeneration processes were assessed under the effects
of variables such as air and desiccant flow rates, air temperature and humidity, and desiccant temperature and

¨concentration. A variation of the Oberg and Goswami mathematical model was used to predict the
experimental findings giving satisfactory results.  2002 Elsevier Science Ltd. All rights reserved.

1. INTRODUCTION AND BACKGROUND desiccants are commercially available: triethylene
glycol, diethylene glycol, ethylene glycol, and

Liquid desiccant cooling systems have been
brines such as calcium chloride, lithium chloride,

proposed as alternatives to the conventional vapor
lithium bromide, and calcium bromide which are

compression cooling systems to control air
used singly or in combination. The usefulness of a

humidity, especially in hot and humid areas.
particular liquid desiccant depends upon the appli-

Research has shown that a liquid desiccant cool- ¨cation. At the University of Florida, Oberg and
ing system can reduce the overall energy con-

Goswami (1998a,b) conducted a study of a hybrid
sumption, as well as shift the energy use away

solar liquid desiccant cooling system using tri-
from electricity and toward renewable and

ethylene glycol (TEG) as the desiccant. Their¨cheaper fuels (Oberg and Goswami, 1998a).
experimental work concluded that glycol works

Burns et al. (1985) found that utilizing desiccant
well as a desiccant. However, pure triethylene

cooling in a supermarket reduced the energy cost
glycol does have a small vapor pressure which

of air conditioning by 60% as compared to
causes some of the glycol to evaporate into the¨conventional cooling. Oberg and Goswami
air. Although triethylene glycol is nontoxic, any

(1998a) modeled a hybrid solar cooling system
evaporation into the supply air stream makes it

obtaining an electrical energy savings of 80%, and
unacceptable for use in air conditioning of an

Chengchao and Ketao (1997) showed by com-
occupied building. Therefore, there is a need to

puter simulation that solar liquid desiccant air
evaluate other liquid desiccants for hybrid solar

conditioning has advantages over vapor compres-
desiccant cooling systems. Lithium chloride

sion air conditioning system in its suitability for
(LiCl) is a good candidate material since it has

hot and humid areas and high air flow rates.
good desiccant characteristics and does not vapor-

Use of liquid desiccants offers several design
ize in air at ambient conditions. A disadvantage

and performance advantages over solid desiccants,
with LiCl is that it is corrosive. This paper

especially when solar energy is used for regenera-
presents an experimental and theoretical study of¨tion (Oberg and Goswami, 1998c). Several liquid
aqueous lithium chloride as a desiccant for a solar
hybrid cooling system, using a packed bed de-
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solar@cimar.me.ufl.edu carried out on packed bed dehumidifiers using salt
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solutions as desiccants. Chung et al. (1992, 1993), is an important factor for absorber efficiency and
and Chen et al. (1989) used lithium chloride system capacity. Previous studies have reported
(LiCl); Ullah et al. (1988), Kinsara et al. (1998) the performance of packed bed absorbers and
and Lazzarin et al. (1999) used calcium chloride regenerators with MR between 1.3 and 3.3. The
(CaCl ); while Ahmed et al. (1997) and Patnaik range of MR varies with the type of absorber /2

et al. (1990) used lithium bromide (LiBr). Other regenerator, but in general better results are
experiments for absorbers using LiCl were carried obtained for small MR.
out by Kessling et al. (1998), Kim et al. (1997) For simulation purposes, validated models are
and Scalabrin and Scaltriti (1990). required for modeling the absorber in a liquid

The moisture that transfers from the air to the desiccant system. Models using lithium chloride
liquid desiccant in the dehumidifier causes a have been described by Khan and Martinez
dilution of the desiccant resulting in a reduction in (1998), Ahmed et al. (1997) and Kavasogullari et
its ability to absorb more water. Therefore, the al. (1991). Due to the complexity of the de-
desiccant must be regenerated to its original humidification process, theoretical modeling relies

¨concentration. The regeneration process requires heavily upon experimental data. Oberg and Gos-
heat which can be obtained from a low tempera- wami (1998b) developed a model for a packed
ture source, for which solar energy and waste bed liquid desiccant air dehumidifier and re-
energy from other processes are suitable. Differ- generator with triethylene glycol as liquid de-
ent ways to regenerate liquid desiccants have been siccant which was validated satisfactorily by the
proposed. Hollands (1963) presented results from experimental data. The present study uses a
the regeneration of lithium chloride in a solar still. modified version of the mathematical model

¨Hollands focused his study on the still efficiency, developed by Oberg and Goswami to compare the
concluding that lithium chloride can be regener- experimental results of a packed bed dehumidifier
ated in a solar still with a daily efficiency of 5 to and regenerator using lithium chloride as a de-
20% depending on the insolation and the con- siccant.
centration of the desiccant. Ahmed Khalid et al.
(1998) presented an exergy analysis of a partly

2. EXPERIMENTAL FACILITY AND
closed solar generator to compare it with the solar

PROCEDURE
collector reported previously. Ahmed et al. (1997)
simulated a hybrid cycle with a partly closed-open A schematic of the experimental facility is
solar regenerator for regenerating the weak solu- shown in Fig. 1. The packed bed absorption tower
tion. They found that the system COP is about was constructed from a 25.4 cm (24 cm I.D.)
50% higher than that of a conventional vapor diameter acrylic tube to allow for flow visualiza-

¨absorption machine. Leboeuf and Lof (1980) tion. The height of the tower is constant and equal
presented an analysis of a lithium chloride open to 60 cm. The packings used were 2.54 cm (1 in.)

cycle absorption air conditioner which utilizes a polypropylene Rauschert Hiflow rings with spe-
2 3packed bed for regeneration of the desiccant cific surface area of 210 m /m . Fresh, unused

solution driven by solar heated air. In this case, lithium chloride was stored in a tank, and its
the air temperature ranged from 65 to 968C while temperature was adjusted by circulating cold or
the desiccant temperature ranged from 40 to 558C. warm water through a submerged stainless steel

¨Lof et al. (1984) conducted experimental and coil. Air was blown past an air heater or a cooling
theoretical studies of regeneration of aqueous coil, and through a humidifying chamber to adjust
lithium chloride solution with solar heated air in a its temperature and relative humidity before it
packed column. In this case, air at a temperature enters the packed tower. When the desired air and
of 82 to 1098C was used to regenerate the desiccant conditions were obtained, the desiccant
desiccant at an average temperature of 368C. was allowed to flow through the tower. The

In any thermodynamic system, the conditions desiccant was distributed over the packings by
of the working fluids and parameters of the three spray heads evenly spaced in an equilateral
physical equipment define the overall perform- triangular configuration.
ance of the system. In a liquid desiccant cooling Once steady state was obtained, measurements
system, variables such as air and desiccant flow were taken using a PC-based data acquisition
rate, air temperature and humidity, desiccant system. These measurements included inlet and
temperature and concentration are of great interest outlet temperatures of the desiccant and the air
for the performance of the dehumidifier. The mass using copper-constantan thermocouples, as well as

~ ~ratio of air to desiccant solution MR 5 m /m inlet and outlet air relative humidities usingair sol
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Fig. 1. Experimental facility.

humidity probes. In addition, samples of the the interfacial surface area is the same for heat
desiccant entering the dehumidifier were taken transfer and mass transfer, and equal to the
during the experiment and analyzed for water specific surface area of the packings; the heat of
content using Karl Fischer titration. To study mixing is negligible as compared to the latent heat
dehumidification, the rate of moisture removal of condensation of the water; and the resistance to
from the air (water condensation rate) was studied heat transfer in the liquid phase is negligible. For
experimentally as a function of the following the finite difference model, the packed bed height
variables: air and desiccant flow rates; air tem- Z is divided into small segments, dZ (Fig. 2b),
perature and humidity ratio; and desiccant tem- and the mass and energy balances are solved for
perature and concentration. To study the regenera- each segment, from the bottom to the top of the
tion process, experiments were undertaken to tower. Since only the inlet conditions of the
study the rate of water evaporation from the liquid desiccant are known, the outlet conditions must
desiccant as a function of the above variables. For initially be guessed, and iterations are required to
the same variables an analysis of the tower find the desiccant outlet conditions that give the
efficiency was done using humidity effectiveness. known inlet conditions at the top of the packed
Experiments were conducted for each variable at bed.

¨three levels (low, intermediate, and high value) Oberg and Goswami’s finite difference model,
while keeping the other variables constant. Three which worked well for TEG as the desiccant,
experiments were conducted at each level, and an
average was used in the results.

3. THEORETICAL HEAT AND MASS
TRANSFER MODEL OF THE PACKED BED

TOWER

Öberg and Goswami (1998b) developed a finite
difference model based on the model for adiabatic
gas absorption presented by Treybal (1969) with
the exception that the resistance to heat transfer in
the liquid phase was neglected. For their model
they assumed adiabatic absorption; concentration
and temperature gradients in the flow direction
(Z-direction, referring to Fig. 2) only; only water Fig. 2. Packed bed dehumidifier: (a) overview; (b) differential
is transferred between the air and the desiccant; segment.
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required two modifications to account for the dilute solutions. For lithium chloride the logarith-
higher surface tension of LiCl and higher water mic mean desiccant mole fraction difference
concentration in brines as compared to water between the bulk liquid and interface values must
concentration in TEG. The modifications and be calculated as:
governing equations that describe the changes in x 2 xiair humidity and air temperature, desiccant tem- ]]x 5 (7)SM ln x /xs diperature and desiccant concentration, and desic-
cant flow rate across a segment are given below. and the k-type mass transfer coefficient for gas

Öberg and Goswami assumed that the interfa- phase can be converted to F-type coefficients by:
cial surface area is the same for heat and mass
transfer, and is equal to the specific surface area F 5 k ? P. (8)G G

of the packing. Because of the high surface
The change in air temperature across the differen-tension of LiCl solutions (twice that of glycol) the
tial segment is given by:packing is wetted insufficiently causing a consi-

derable reduction of the area for mass transfer.
9dT h a ? T 2 Ts da G t L aTherefore, to estimate the wet area, an equation ] ]]]]]5 (9)dZ G ? c 1 Y ? cs dp,a p,vfor wetted surface area proposed by Onda et al.

(1968) was used:
9where h a is the heat transfer coefficient cor-G t

aw rected for simultaneous heat and mass transfer:]5 1 2 exp
at

2 20.05 2 0.2 dY0.10.75g L ? aL Lc t ]2 G ? c ?] ] ] ]]3 2 1.45 .S DS D S D p,vF S D G2g a ? m r ? g ? a dZL t L r ? g L L tL ]]]]]]]9h a 5 (10)G t dY
(1) ]G ? c ?p,v dZ

]]]]1 2 exp1 2h ? aThis equation takes into account the liquid surface G t

tension and the surface energy of packing materi-
and applying the heat and mass transfer analogy,¨als, and was used by Oberg and Goswami in the
it is found that the gas phase heat transferdefinition of k-type mass transfer coefficients:
coefficient is:

1 / 22 / 31 / 3m ? g r ? DLL L L 0.4]] ]] ]]k 5 0.0051 a ? DS D s dS D S DL t p 2 / 3r a ? m mL w L L Sc
]]h 5 F ? M ? C 1 Y ? C ? (11)s dG G a p,a p,v 2 / 3(2) Pr

0.7 1 / 3a ? D mGt G G with Sc 5 m /(r ? D ).22 G G G]] ]] ]]k 5 5.23 a ? D .S D s dS DG t pR ? T a ? m r ? Da t G G G The change in desiccant flow rate, concen-
tration and temperature across the differential(3)
segment are given by Eqs. (12), (13) and (14),

Then, the change in air humidity across a dif- respectively:
ferential segment is defined by:

dL dYM ? F ? a 1 2 ydY ] ]W G w i 5 G ? (12)
] ]]]] ]]5 2 ? ln (4) dZ dZS DdZ G 1 2 y

dX G dYwhere the interfacial gas phase concentration is ] ] ]5 2 ? X ? (13)dZ L dZgiven by:
F / Fx L G dT dTGL a]y 5 1 2 1 2 y ? . (5)s d ]] ]] H ]5 c 1 Y ? cS Di s dp,a p,vx dZ c ? L dZi p,L

Eq. (5) was used with the vapor–liquid equilib- dY
]J1 c ? T 2 T 2 c T 2 T 1 l . (14)s d s df gp,v a o p,L L o orium curve for LiCl to solve for the interfacial dZ

concentrations in the gas and liquid phases.
Vapor pressure is an important property whichThe k-type mass transfer coefficients for liquid

determines the air humidity ratio in equilibriumphase can be converted to F-type coefficients by:
with the desiccant at the interface. In this study, arL

]F 5 k ? x ? (6) second order polynomial was used and the co-L L SM ML efficients were obtained from a curve fit using
data from Uemura (1967):where x may be considered equal to 1 for verySM
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2p 5 a 1 a ? T 1 a ? Ts dV o 1 2

2
1 b 1 b ? T 1 b ? T ? Xs do 1 2

2 2
1 c 1 c ? T 1 c ? T ? X (15)s do 1 2

where the constants are given for the dehumidifi-
cation process as:

a 5 4.58208, a 5 2 0.159174,o 1

a 5 0.0072594, b 5 2 18.3816,2 o

b 5 0.5661, b 5 2 0.0193141 2

c 5 21.312, c 5 2 0.666, c 5 0.01332;o 1 2

T (8C), X (kg /kg ),LiCl sol

and for the regeneration process as:

a 5 16.294, a 5 2 0.8893, a 5 0.01927,o 1 2

b 5 74.3, b 5 2 1.8035, b 5 2 0.01875o 1 2

c 5 2 226.4, c 5 7.49, c 5 2 0.039;o 1 2
Fig. 3. Influence of air flow rate on dehumidification.T (8C), X (kg /kg ).LiCl sol

A sensitivity analysis comparing the data from tion at the local solution temperature and con-
Uemura (1967), and Zaytsev and Aseyev (1992) centration.
has shown that the deviation of the results ob- An additional consideration was introduced in
tained from the mathematical model can be of the the model to account for the non-uniform liquid
order of 11%. distribution at the top of the tower. The packing

The efficiency of the tower was evaluated volume that is dry is estimated by using geometric
through a humidity effectiveness defined for the relations allowing the calculation of a correction
dehumidifier as: factor for unwetted packing fraction, CF. This

Y 2 Y correction factor was used to modify the relationIN OUT
]]]e 5 (16)Y a /a in Eq. (1), as a /(a ? CF).Y 2 Y w t w tIN equ

and for the regenerator as:

4. RESULTS AND DISCUSSIONY 2 YOUT IN
]]]e 5 . (17)Y Y 2 Yequ IN 4.1. Air dehumidification

Table 1 presents the experimental results, whileFor this relation, Y and Y are the humidityIN OUT

Figs. 3–8 show the experimental results forratios of the air at the inlet and outlet of the tower,
dehumidification together with the theoreticalrespectively. Y is the humidity ratio of the air,equ

modeling results. Uncertainties of the experimen-which is in equilibrium with the desiccant solu-

Table 1. Air dehumidification experimental results

Inlet Outlet mcond

G T Y L T X T Y T Xa L a L

0.890 30.1 0.0180 6.124 30.1 34.6 31.3 0.0104 32.3 34.5 0.32
1.180 30.1 0.0181 6.227 30.3 34.7 32.2 0.0108 32.6 34.6 0.40
1.513 30.2 0.0181 6.113 30.0 34.3 32.2 0.0108 32.7 34.1 0.52
1.189 35.5 0.0188 6.290 30.3 34.5 32.8 0.0112 32.6 33.7 0.42
1.183 40.1 0.0180 6.287 30.5 34.4 33.1 0.0115 32.9 34.3 0.36
1.214 30.3 0.0142 6.273 30.1 33.9 31.1 0.0103 31.5 33.8 0.23
1.187 29.9 0.0215 6.272 30.3 33.9 33.4 0.0120 33.1 33.7 0.53
1.190 30.1 0.0180 5.019 30.2 34.4 32.2 0.0113 32.7 34.2 0.38
1.182 30.2 0.0181 7.420 30.2 34.4 32.0 0.0110 32.5 34.3 0.39
1.198 29.9 0.0177 6.269 25.0 34.7 28.2 0.0088 28.4 34.5 0.50
1.176 29.9 0.0178 6.309 35.2 34.9 35.7 0.0140 36.2 34.8 0.21
1.182 29.9 0.0179 6.164 30.1 33.1 32.4 0.0114 32.2 33.0 0.36
1.192 29.9 0.0179 6.267 30.2 33.8 32.5 0.0112 32.6 33.7 0.38
1.176 30.0 0.0181 6.206 30.2 34.8 32.0 0.0107 32.5 34.7 0.41
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Fig. 6. Influence of desiccant flow rate on dehumidification.Fig. 4. Influence of inlet air temperature on dehumidification.

tal measurements were calculated using the meth- the influence of these variables on the water
od by Kline and McClinton (1953). Error bars condensation rate. The water condensation rate
obtained from these calculations are also shown in increases with the air flow rate with a slope of 0.9
the figures. It is seen from the figures that the (Fig. 3). It may be explained that a high air flow
adapted finite difference model shows very good rate will remove the dehumidified air more rapid-
agreement with the experimental findings. The ly from the interface, thereby reducing the
variables found to have the most significant effect humidity gradient between the interface and bulk
on the dehumidifier performance are: air flow rate, air, and maintaining a higher potential for mass
humidity ratio, desiccant temperature, and de- transfer. The water condensation rate increases
siccant concentration. Figs. 3–8 show that the with the inlet air humidity ratio with a slope of
influence of these variables may be assumed 2.5 (Fig. 5). It happens because a higher humidity
linear. Therefore, the slope of the condensation ratio implies a higher air vapor pressure and
rate curve (% change in m /% change in consequently higher potential for mass transfer.cond

variable) in these figures gives an estimation of The water condensation rate decreases with the
desiccant temperature with a slope of 21.4 (Fig.

Fig. 5. Influence of inlet air humidity ratio on dehumidifica- Fig. 7. Influence of inlet desiccant temperature on dehumidifi-
tion. cation.
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Fig. 9. Influence of air flow rate on desiccant regeneration.
Fig. 8. Influence of inlet desiccant concentration on dehumidi-
fication.

The only clear trends observed were: slight de-
7). A higher desiccant temperature gives a lower crease of the humidity effectiveness with air flow
potential for mass transfer in the dehumidifier rate and air temperature; and slight increase of the
resulting in a lower condensation rate. The water humidity effectiveness with desiccant flow rate.
condensation rate increases with the desiccant The lower value of humidity effectiveness was
concentration with a slope of 2.7 (Fig. 8). A 75% and the higher 84%.
higher desiccant concentration gives a higher

4.2. Regenerationpotential for mass transfer in the dehumidifier
resulting in a greater condensation rate. It may be Table 2 presents the experimental results for
pointed out that if the air temperature is con- regeneration, while Figs. 9–14 show the ex-
siderably higher than the desiccant temperature, perimental results together with the theoretical
the desiccant temperature will increase, resulting modeling. These figures show that the influence of
in a reduction in the potential for mass transfer the variables may be assumed linear. Therefore,
(Fig. 4). The desiccant flow rate does not cause the slope of the evaporation rate curve (% change
significant variation in the water condensation rate in m /% change in variable) in these figuresevap

(Fig. 6); however, the liquid flow rate must be gives an estimation of the influence of these
high enough to ensure wetting of the packing. For variables on the water evaporation rate. The water
the range of the variables studied, humidity evaporation rate increases with the air flow rate
effectiveness for the absorber remains mostly with a slope of 0.5 (Fig. 9). Since a high air flow
stable, no variation higher than 6% was found. rate rapidly removes the higher moist air from the

Table 2. Regeneration experimental results

Inlet Outlet mevap

G T Y L T X T Y T Xa L a L

0.833 30.4 0.0183 6.463 65.0 34.0 58.9 0.0579 58.6 34.5 1.55
1.098 30.1 0.0180 6.206 65.1 34.1 59.3 0.0532 57.8 34.8 1.81
1.438 29.8 0.0177 6.479 65.1 34.5 57.5 0.0488 56.6 35.2 2.10
1.097 35.1 0.0180 6.349 65.1 33.4 58.5 0.0551 57.4 34.1 1.91
1.102 40.0 0.0178 6.354 65.0 33.6 58.9 0.0548 57.6 34.2 1.91
1.132 30.2 0.0143 6.370 65.2 34.0 57.6 0.0513 57.2 34.7 1.97
1.097 29.4 0.0210 6.440 65.5 33.6 58.5 0.0541 58.3 34.2 1.70
1.116 30.3 0.0182 5.185 65.4 34.4 57.6 0.0507 57.0 34.9 1.71
1.101 29.9 0.0180 7.541 65.2 34.3 59.0 0.0556 57.9 34.9 1.95
1.111 30.0 0.0187 6.245 60.3 34.4 55.8 0.0447 54.2 34.8 1.36
1.084 29.7 0.0184 6.315 70.0 34.5 62.6 0.0666 60.0 35.3 2.45
1.099 29.7 0.0177 6.400 64.8 32.8 57.6 0.0542 56.8 33.4 1.89
1.116 30.3 0.0182 6.428 65.0 34.9 57.9 0.0501 57.5 35.4 1.67
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Fig. 10. Influence of inlet air temperature on desiccant regene- Fig. 12. Influence of desiccant flow rate on desiccant regene-
ration. ration.

interface, it reduces the humidity gradient be- of the concentration. Therefore, the higher the
tween the interface and bulk air, maintaining a concentration, the lower the vapor pressure, and
higher potential for mass transfer. The water consequently the lower the potential for mass
evaporation rate increases with the inlet desiccant transfer. The water evaporation rate decreases
temperature with a slope of 5 (Fig. 13). Since with the inlet air humidity ratio with a slope of
vapor pressure of the desiccant is highly depen- 20.3 (Fig. 11). As expected, a higher humidity
dent on the temperature, the higher the tempera- ratio implies higher air vapor pressure and conse-
ture the higher the vapor pressure, and conse- quently lower potential for mass transfer. The
quently higher the potential for mass transfer. The water evaporation rate increases with the desic-
water evaporation rate decreases with the inlet cant flow rate with a slope of 0.3 (Fig. 12). At
desiccant concentration with a slope of 21.8 higher desiccant flow rates there will be less
(Fig. 14). This may be explained from the fact reduction of the liquid temperature, maintaining a
that vapor pressure of the desiccant is a function higher potential for mass transfer. The air tem-

Fig. 11. Influence of inlet air humidity ratio on desiccant Fig. 13. Influence of inlet desiccant temperature on desiccant
regeneration. regeneration.
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the humidity effectiveness for an increase in the
air flow rate. This can be explained because for a
higher air flow rate the air will be in contact with
the liquid for a shorter period of time, giving a
lower change in air humidity ratio (Fig. 15). The
second defined tendency is the apparent linear
increase of humidity effectiveness with the in-
crease of desiccant flow rate. This can be ex-
plained from the result seen earlier that the water
evaporation rate is proportional to the desiccant
flow rate. Therefore, for a higher desiccant flow
rate, the change in air humidity ratio will be
higher (Fig. 16).

5. CONCLUSIONS

Reliable sets of data for air dehumidification
and desiccant regeneration using lithium chloride

Fig. 14. Influence of inlet desiccant concentration on desiccant were obtained. The influence of the design vari-
regeneration.

ables studied on the water condensation rate from
the air and evaporation rate from the desiccant

perature does not cause significant variation in the can be assumed linear. Therefore, the slope of the
water evaporation rate (Fig. 10). curves in Figs. 3–14 give a measurement of the

Efficiency of the regenerator is more sensitive impact of the variable on the water condensation
than that of the dehumidifier. For the range of the and evaporation rates. Design variables found to
variables studied, humidity effectiveness for the have the greatest impact on the performance of
regenerator varies between 71 and 87%. Two the dehumidifier are: desiccant concentration
defined tendencies were noticed from the results. (slope52.7), desiccant temperature (slope5

One tendency is the apparent linear decrease of 21.4), air flow rate (slope520.9), and air hum-

Fig. 15. Influence of air flow rate on humidity effectiveness.
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Fig. 16. Influence of desiccant flow rate on humidity effectiveness.

m flow rate (g /s) or (kg/s)idity ratio (slope52.5). Design variables found to
P total pressure (Pa)have the greatest impact on the performance of
Pr Prandtl number

the regenerator are: desiccant temperature p vapor pressure (Pa)v
(slope55), desiccant concentration (slope5 Sc Schmidt number
21.8), air flow rate (slope50.5). The other T temperature (8C)

X desiccant concentration (kg /kg )variables have a slope equal or lower than 0.3. In LiCl solution

x desiccant mole fraction (kmol /kmol )LiCl solutionthis study the mass flow ratio of air to desiccant
x logarithmic mean solvent mole fraction differenceSMsolution (MR) varied between 0.15 and 0.25 for between the bulk liquid and interface values

both the air dehumidification and desiccant re- (kmol /kmol )LiCl solution

generation experiments, which is lower than the Y air humidity ratio (kg water /kg dry air)
y water mole fraction (kmol water /kmol air)MR values of 1.3 to 3.3 used in most other
Z tower height (m)studies. The adapted finite difference model

shows very good agreement with the experimental
findings. Greek letters

g surface tension (N/m)
e effectiveness

NOMENCLATURE l latent heat of condensation (kJ /kg)
2

m viscosity (N/m )
2 3 3a specific surface area of packing (m /m ) r density (kg/m )t

2 3a wetted surface area of packing (m /m )w

c specific heat (kJ /kg 8C)p
2D diffusivity (m /s) Subscripts

D nominal size of packing (m) a airp
2F gas phase mass transfer coefficient (kmol /m s) c criticalG

2F liquid phase mass transfer coefficient (kmol /m s) cond water condensationL
2G superficial air (gas) flow rate (kg/m s) equ equivalent

2g acceleration of gravity (m/s ) evap water evaporation
2h gas side heat transfer coefficient (kJ /m s) G gas phaseG

2k gas phase mass transfer coefficient (kmol /m s Pa) IN inletG

k liquid phase mass transfer coefficient (m/s) i interfaceL
2L superficial desiccant flow rate (kg/m s) L desiccant or liquid phase

LiCl lithium chloride OUT outlet
M molar mass (kg/kmol) o reference state
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