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ABSTRACT

Desiccant systems have been proposed as allerpative to handle
the lztent load in vapor compression air conditioning for energy
saving, The air dehumidification oceurs because of the difference
in vapor pressure which |2t the moisture diffuse from the air 1o the
liquid desiceant. The diffused moisture cause a dilution of the
desiccant which must be regencrated to return it 1o the original
conditions. This paper presanis the results from a study of the
performance of a packed tower regencrator for an agueous lithium
chloride desiceant dehumidification system. The rate of water
evaporation, as well as the effcctiveness of the regencration
process wers assessed under the effects of variables such as air
and desiccant flow raies, air tempersture and humidity, and
desiceant tempurature and concentration. A variation of the Oberg
and Goswami mathematical mode]l was used to predict the
experimental findings given satisfactory results.

Keywords: Ligquid desiceant, regeneration, lithium  chloride,
packed wower, regenerator, desiceant cooling.

INTRODUCTION AND BACKGROUND

Conventional vapor compression air conditioning systems are
designed to handle the sensible and latent leads to provide
conditions for human thermal comfont. The latent load is related
lo a moisiure, and has associated the called air dehumidification
process. For air dehumidification it is necessary cool down the air
below its dew point in order to cendense the moisture from the
air, and redues the air humidity to the desired value. This process
requires a great amount of energy. Because a liguid desiccant
system can handle the jatent load by means of a negligible pump
encrgy  consumption, liquid desiccant cooling systems have
become an alternative of great interest for HYAC industry.
Any liquid desiccant cooling sysiem has two main components,
the dehumidifier or absorber, and the regenerator. In our previous
paper “Study of an Aqueous Lithium Chloride Desiccant System.
Part It Air Dchumidification™ were presented experimental and
theoretical results from a packed bed dehumidifier. The moisture
that diffuses from the air to the liquid desiccant causc a dilution of
the desiccant resulting in a reduction of its ability to absorb water.
Therefore, the desiccant must be regencrated 1o give it back the
criginal coneentration. The regeneration process requires heat
which can be obtained from a low pressure low iemperature
source, for which solar energy and waste encrgy from other

" Anthor to whom all eorrespondenes should be addressed.

Proceedings of the Millemmium Solar Forum 2000, Mexico City, Mexico, Sept.

process are suitable. Different ways to regenerate liguid
dusiccants have been proposed. Hollands {19637 presented the
result from the regeneration of lithium chloride in a solar sl
Follands focuses his study in the siill cfficiency, concluding that
lithtum chloride can be regenerated in a solar still with a daily
efficiency of 5 10 20% depending on the inselation and the
concentration of the desiceant. Ahmed et al [1998] presented the
exergy analysis of a partly closed solar regencrator to be
compared with the solar gollector previous reported. Ahmed et 2l
[1997] simulated a hybrid cycle with partly closed-open solar
regenerator for regenerating the weak solution. They found thet
the systemn COP is about 50% higher than that of a conventional
vapor absorption machine, Lebouf and Lof [1980] presented the
analysis of a lithium chloride open cycle absorption air
conditioner which utiiizes a packed bed for regeneration of the
desiceant solution driven by solar heated air, In this case, the air
temperature ranges from 65°C w 96°C while the dusiccan:
temperature renges from 40°C to 35°C. Laf «r al [1984]
conducted an experimental and theoretical studied of 1he
regeneration of aguecus lithium chloride solutions in a packed
column supplied with solar heated air In this case, air at
temperature 01 82°C to 109°C was used to regenerate the
desiceant al an average temperature of 36°C. Oberg and Goswami
[1998] justified the use of packed beds as the equipment for mass
transfer when liguid desiccant are uscd, As a continuation of
Oberg and Goswami [1998] study, and our previous repor, this
paper present the results from an experimental and theoretizel
study of the regencration of an agueous lithium chloride solution
in a packed wower, For a constant tower height of 0.6 m, the rate
of water evaporation from the desiceant was studied
experimentally as a function of the foliowing variables: air and
desiccant flow rates; air lemperature and humidity ratio; and
desiccant wmperature and concentration. For the same variables
an analysis of the tower efficiency was done through the humidity
eficctiveness.

EXPERIMENTAL FACILITY AND PROCEDURE

A schematic of the experimental facility is shown in Fig. 1. The
packed bad absorption lower was construcied from a 25.4 cm (24
cm 1D) diameter acrylic wbe to allow for flow visualization. The
height of the tower is constant and equal 10 60 cm. The packing
used was 2.45 cm (] in) polypropylene Rauschert Hiflow® rings
with specific surface arez of 210 m¥m’, Fresh, unused lithium
chloride was stored in a tank, and its temperature was adjusted by
circulating cold or warm water through a submicrged stainless
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- coil. Air was blown past an air heater or a cooling ceil, and
louugh 2 humidifying chamber to adjust its temperature and
refarive humidity before it enters the packed tower. When the

ait and desiccant conditions were obtained, the desiceant
<lowed to flow through the tower, The desiccant was
.ruted over the packing by three spray heads evenly spaced in
iilmteral triangular configuration. Once steady statr was
Tooned, measurements were tzken using & PC-based  data
acquisition system. These measuroments included inlet and outlet
“mneratures of the desiceant and the air using copper-censtantan
socouples, as well as inlet and outlet air relative humiditics
using humidity probes. I[n addition, samples of the desiccant
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entering the dehumidifier were taken during the experiment and
analyzed for water content using Karl Fischer titration, The rate of
water cvaporation from the liquid desiccant was smdied
experimentally as a function of the following variables: air and
desiccant flow rates; air temperature and humidity ratio; and
desiceant temperature and concentration. For the same variables
an analysis of the tower efficicncy was done using humidity
effectiveness. Experiments were conducied for cach variabie at
three levels (low, intermediate, and high value) while keeping the
other variables constant. Three experiments were condugted at
cach level, and an average was used in the results.
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Fig. 1 Experimental faciiity.

THEOQRETICAL MODEL OF THE PACKED BED
ABSORPTION TOWER
Jberz and Goswami [1998b] developed a finite difference
meczt based on the model for adiabatic gas absorption presented
by Treybal (1969) with the exception that the resistance to heat
sfer in the liquid phase was neglected. For their model they
a=-umed adiabatic absorption; conceniration and lemperature
zradients in the flow direction (Z-direction, referring to Fig. 2)
only watcr is transferred between the air and the dezlccans,
for their case; the interfacial surface area is the same for heat
transier and mass transfer, and equal to the specific surface arca
o1 the packing; the heat of mixing is negligible as compared 10 the
latent heat of condensation of the water; and the resistance to heat
transfer in the liguid phase is negligible. For the fmite difference
., the packed bed height Z is divided into small segments, dZ
(-ig. 2b), and the mass and energy balances are solved for cach
nent, from the bottom to the top of the tower, Since only the
wiiet conditions of the desiccant are known, the outlet conditions
must initially be guessed, and iterations are required 1o find the
‘zeo 4 putlet conditions that eive the known inlet conditions at

1

“the packed bed.
- md Goswami's finite difference model required two
15 atons to account for the higher surface tension of LiCl

dizr water concentration in brines as compared to waier
wration in TEG. The modifications and governing cquations
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that .deseribe tn2 changes in air humidin and els t2mperaters,
desiccant temperature and desiccant concentration, and desiceant
flow rate across a segment are given below,
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Fig. 2 Packed bed: (a) overview; {b) differential segment

Oberg and Goswami assumed that the interfacial surface area is
the same for heat and mass transfer, and is equal to the specific
surface area of the packing. Because of the high surface tension of
LiCl solutions, twice that of glycel, the packing is wetted



insufficiently causing a considcrable reduction of the arez for
mass transfer. Therefore, 10 estimate the wet area, an equation far
wetted surface arca proposed by Onda et al (1968) was used:
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This cquation takes into account the liquid surface tension and the
surface energy of packing materials, and was used by Obarg and
Gaswami in the defmition of the k-Type mass transfer
coefficicnts®:
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Then, the change in air humidity across the differential segment is
defined by:

dY 1\f[w'FG.aw l_yi\
— = -in J (4)
dZ G -y
Where the interfacial gas phase concentration is given by
L%
X
=1-(1-y) | = (5)
vy =1={1-y) [XJ

Eavation (3) was used with the vapar-liguid equilibrivm curve for
LiCl to solve for the interfacial concentrations in the gas and
ltquid phases.

The k~Type mass transfer cocfficients for liquid phase can be
converted to F-Type cocfficients by:

P
F,o=k, sy o ()
L MM
Ml
Whers xg, may be considered equal to | for very dilute soiutions.
For lithium chloride the togarithmic mean desiccant mole fraction
difference between the bulk liquid and interface values must be
calculated zs:
A—X

' (7

Xy = <
ln[—]
X

The k-Type mass transfer cosfticient for gas phase can be
converted to F-Type coeflicients by:

Fy =k, P @®)

% As stated by Onda et al (1968}, in equations 2 and 3, Dp represents the
nominal size of'the packing,
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The change in air temperature across the differential segment is
given by:

dT, hga, (T, -T,)

4z - ©
G:(ep, +Y cp, )

Where h:]a! is the heat transfer coefficient correctad for
simulianeous heat and mass transfer;
dy
-G CP,V A
hia, = dde (10)
G-¢ P T
1 —exp . dz
h G &,

Applying the heat and mass ransfer analogy, it is found that the
gas phase heat transfer cozfficient is:

21
h, = F, M, -{C,, +Y-(:Pﬁ,)-——-Pm (1)
T
With Schmidt number S¢ = ——}u*G—-
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Thz charge in desiccant flow rate, concentration and temperaturs
across the differential scgrent are given by equations 12, 13 and
14 respectively:
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Vapor pressure is an imporiant property which determines the
air humidity ratio in equilibrium with the desiceant at the
interface, In this study a second order polynomial was used and
the coufficients were ebtained from a curve fit using data from
Uemura (1967);

pv=(f'.n—iﬂ, -T+a2~T2)+(b.,+bz'T+bz‘T2)‘X+

(r:o+c]nT+cz~'1‘2)-X2 (15)
8,=16.294, a,=0.8893, a,=0.01927 b,=74.3
b=-1.8035,  b;~001875  c,=226.4, ¢=7.49

c;=-0.039; T (°C), X (kgv.cr/kgesr).

The efficiency of the tower was evaluated through 2 humidity
effectiveness defined as:
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For this relation, Y and Ygyr, 2re the humidity ratios of the air
at the inlet and outlet of the tower, respectively. Y., Is the
humidity ratio of the air, which is in equilibrium with the
desiccant solution at the local solution temperature and
concentration.

An additioral consideration was introduced in the mode! to
account for the non-uniform liquid distribution at the top of the
tower, The packing velume that is dry is estimated by using
seometric relations allowing the caleulation of 2 correstion factor
for unwetted packing fraction, CF. This correction factor was used
10 modify the relation a/a, in equation (1), by a./{a;CF}.

RESULTS AND DISCUSSION

Table 1 present the experimental resulls, while figures 3 to 8
shows the experimental results together with the theorctical
modeling. Uncertainties of the experimental measurements were
cateulated using the method by Kiine and McClintock [1953]. It is
seen from the figures that the adaped finite difference model
shows very good agresment with the experimental findings.
Figures 3 to § show that the influence of these variables may be
assumed lincar. Therefore, the siope of the evaporation rate curve
{% chenge in .., / % change in variable) in these figures gives
an estimation of the influence of these variables on the water
evaporation rate. The water evaporation rate increases with the air
flow rate with slope of 0.5 (Fig. 3). Since a hkigh air flow rate
rapidly removes the higher moist air from the interface, it reduces
the humidity gradient becween the interface and bulk air
maintzining a higher potential for mass transfer. The water
evaporation rate increase with the inlet desiceant temperature with
slope of 5 (Fig. 7). Since vapor pressure of the desiccant is highly
dependent on the temperature, the higher the tsmperature the
higher the vapor pressure, and consequently higher the potential
for mass transfer. The water evaporation rate decreases with the
infet desiccant coneentration with siope of -1.8 (Fig. 8). This may
be explained from the fact that vapor pressure of the desiccant is a
function of the corncentration. Therefore, the higher the
concentration, the lower the vapor prossure, and consequently
lower the potential for mass transfer. The water evaporation rate

decreases with the inlet air humidity ratio with slope of -0.3 (Fig.
5). As expected, a higher humidity ratio implics higher air vapor
pressure and consequently lower potential for mass transfer. The
waler cvaporation rate increases with the desiccant flow rate with
slope of 0.3 (Fig. 6). At higher desiceant flow rates there will be
less reduction of the liquid temperature, maintaining 2 higher
potential for mass transfer. The air temperature does not canse
significant vartation in the water evaporation rate (Fig. 4).

Efficiency of the regencrator is more sensitive than the
dehumidifier. For the range of the variables studied, humidity
cffectiveness for the regenerator varies between 71 and 87%. Two
defined tendencics were noticed from the results. One tendency is
the apparent lincar decrease of 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 ratic
(Fig. 9). The sccond defined tendency s the apparent linear
increase of numidity effectivensss with the increase of desiccant
flow rate. This can be explained from the result seen carlier that
the water evaporation rate is proportional to the desiccant flow
rate. Therefore, for 2 higher desiccant flow rate, the change in air
humidity ratio will be higher (Fig. 10).

CONCLUSIONS

Reliable sets of data for lithium chloride regencration were
obtained, The influence of the design variables studied on the
water evaporation rate can be assumed linear. Therefore, the slope
of the evaporation rate curve in Figures 3 1o 8 gives a
measurement of the inpact of the variables on the water
¢vaporation rale. Design variables found to have the greatest
impact on the performance of the regenerator are: desiceant
temperature (stope, =5}, desiceant concentration {mr=-1.8), air
flow rate (m=0.5). The other variabies have a slope equal or lower
than (0.3. In this study the mass ratio of air to desiceant solution
{MR) varied between 0.15 1o 0.25 which is the same range used
for air dehumidification experiments, and which is lower than the
MR values of 1.3 to 3.3 used in most other stadies. The adapted
finite difference model shows very good agreement with the
exparimental findings

Tahle 11 EXPERIMENTAL RESULTS

i INLET . OUTLET i
G Ta Y L TL X | Ta Y TL X | Mena |
0.833 30.4 0.0183 6.463 65.0 340 1 589 0.0579 38.6 34.5 1.55 |
1.098 30.1 0.0180 | 6.206 65.1 341 | 563 | 0.0532 57.8 34.8 1.81 |
1438 29.8 | 0.0177 | 6.479 €5.1 345 § 5735 | 00488 56.6 352 | 210 |
1.097 35.1 0.0180 | 6.349 63.1 334 585 | 0.0551 374 340 | 191 |
1.102 40.0 [ 0.0178 { 6.354 650 33.6 58.9 [ 0.0548 37.6 3421 191 |
| 1132 | 302 | 0.0143 | 6370 65.2 140 57.6 | 0.0513 57.2 347 | 197 |
| 1.097 29.4 | 0.0210 | 6.440 65.5 336 58.5 | 0.0541 583 342 | L0
1.116 303 | G.0182 [ 5.185 £5.4 34.4 57.6 | 0.0507 57.0 349 T 171
1.101 299 [ 0.0180 | 7.541 65.2 343 50.0 | 0.0556 57.9 386 1 195
L1101 300 | 0.C187 [ 6.245 60.3 34.4 558 | 0.0447 54.2 348 | 136
| 1.084 297 | 00184 | 6315 70.0 345 62.6 | 0.0666 60.0 353 2.45
| 1.099 297 | 0.0177 | 6400 64.8 32.8 576 | 0.0542 56.8 334 1.89
I Lils 03 [ 0.0182 | A428 650 34.9 579 [ 0.0501 57.5 354 | 1.67
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Fig. 10: [nfluence of desiccant flow ratz on hunudity effectiveness

¢ = criucal
cond = water condensation
equ = cquivalent
G == gas phase
N = inlet
i = interface
L = desiccant or liquid phasc
QUT = outlet
o = reference state
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