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Liquid desiccant cooling can provide control of 1temperatiere and humidity, while ai ihe
same time lowering the electrical energy requirement for air conditioning. Since the
largest energy requirement assoclated with desiccant cooling (s low remperalure heat for
desiccani regeneration, the regeneration process greatly influences rhe overall system
performance. Therefore, the effects of variables such as air and desiccant flow rates, air
temperature and humidiry, desiccant temperature and concentration, and the area avail-
able for heat and mass iransfer on the regeneration process are of grear interest. Due to
ihe complexiry of the regeneration process, which invelves simullaneous hear and mass
transfer, theoretical modeling musi be verified by experimencal studies. However, a
limited number of experimental studies are reported in the literature. This paper presents
resuits from a detailed experimental investigation of the hear and mass transfer between
a Iliquid desiccanr {triethylene glycol) and air in a packed bed regencrator using hign
liguid flow rates. To regenerate the desiccant, ii is heated 10 temperatures readily
obtainable from flat-plate solar collectors. A high performance packing that combines
good heat and mass transfer characieristics with low pressure drop is used. The rate of
water evaporation, as well as the ¢ffectiveness of the regeneration process is asvessed
based on the varigbles listed above. Good agreement is shown 1o exist detween the
experimental findings and predicrions from finite difference modeling. In addition, the
JSindings in the present study are compared 10 findings previousiy reported in the lirerature.
Also, the resulis presented here characlerize the important variables that impact the

system design,

Introduction

Liquid desiccaut cooling can provide contral of temperature and
harrudity, while at the same time lowering the clectrical energy
equirement for air conditioning. The largest energy requirernent
associated with the use of desiceant cooling is low lemperature
heat for desiccant regeneration, and this heat can be provided by
solar tiat-plate collector system or by waste heat. However, the
auxiliary energy requirement for desiccant regeneration can be
large (QOberg and Goswami, 1998b), so that the effectiveness of the
desiccant regencration process greatly influences the overall per-
formance of the desiccant system. Eguipment commonly em-
ployed as regencrators in desiecant systems are: beilers (e.g.,
Marsala et al., 1989; Albers ct al., 1991}; solar trickle collector
regenerators (e.g., Thormbloom and Nimmo, 1993; Gandhidasan,
19947, spray chambers containing a hot water finned coil (e.g.,
Rebison, 1977; Scalabrin and Scaltriti, 1990); and packed bed
absorption towers (e.2., Kinsara ct al., 1996; Oberg and Goswami,
1998b; Sick et al., 1988). A more detailed review of liguid desic-
cant systerm configurations is given by Oberg and Goswami
(1998a).

Peng and Howell (1984) have modeled the performance of
desiccant regenerators, An open surface trickle solar collector
regenerator, a glazed trickle solar collector regencrator, and a
regeneration chamber comaining a finned tube heating coil were
analyzed and compared. The authors concluded that an open solar
collector regenerator was not practical for hot and humid climates.
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As opposed to a glazed trickle collector regenerator, the authors
concluded that a regeneration chamber design would be compact.
allow for steady operation, and it could be used with low-grade
heat from sources other than solar, For these reasons a regeneration
chamber was chosen for the present investgation, However, in-
stead of using a finned tube heating coifl as the extended heat and
mass transfer surface, it was decided to use a packed bed tower
since the packing provides very large surface area per unit volume,
thus allowing for a comgact design.

To advance solar-based liquid desicecant cooling technology, the
impact of variables such as air and desiccant flow rates, air
temnperature and humidity, desiccant temperature and concentra-
tion, and the area available for heat and mass transfer on the
performance of a packed bed regenerator is of great interest,
Gandhidasan (1990) developed a simplified theoretical model for
regeneration of a desiccant in a packed bed using solar heated air.
Also, the performance of a packed bed regenerator was theoreti-
cally evaluated in terms of a humidily cffectiveness and an en-
thalpy effectiveness by Khan (1994). However, descrpuon of
water in a packed bed tower involves simultaneous heat and mass
transfer with complex fluid flow patterns, so theoretical medels
must be verified by experimental studies. Regeneration of lithium
chloride in a packed bed was examined experimentally by Lof et
al. (1984). With the air providing the heat for the regeneration
process, this study examined the overall heat and mass transfer
coefficients as a function of flow rates and inlet temperatures.
Pammnaik et al. (1990} conducted cxperiments on a packed bed tower
for the regeneration of aqueous lithium bromide. They studied the
influence of the type of liquid distribution system on the perfor-
mance of the regenerator, and presented correlations based on
experimental resulis for the rate of water evaporation as a function
of inlet air temperature, humidity, inlet desiccant concentration
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and flow rate. A mixwre of calcium chloride and lithium chioride
in an aqueous soluticn was considered by Ertas el al. (19%4) who
investigated desiccant regeneration as a function of desiccant flow
rate, inlet desiccant conditions, and inlet air humidity. Potais and
Lenz (1996) conducted an experimental study considering the
influence of desiceant flow rate on the regencration of aqueous
lithium bromide in a packed bed regencrator {as well as air
dehumidification in a packed bed). Based on the experimental
findings, they developed dimensionless liquid-side mass transfer
coefficients for both random and structured tower packings,

The objective of the present investigation is to provide addi-
tional experimental data for desiccant regeneration to aid in the
design of solar-based desiccamt systems. Therefore, a thorough
experimental analysis was carried out exploring the influgnce of air
and desiccant flow rates, air and desiccant inlet temperatures, inlet
air humidity ratio, inlet desiccant concentration, and the arca
available for heat and mass transfer. Compared to the experimental
studies listed above, higher liquid flow rates were used in the
present investigation. A preliminary set of experiments showed
these higher flow rates to be necessary to ensure adequate wetting
of the packing. Compared to the study by Patnaik et al, (1990}, the
inlet air humidity ratic was significantly higher in the presemt
investigation as it was varied in 2 range corresponding to outdoer
conditions typically encountered in a humid climate. In a desiccant
systemn, dry indoor air may not always be available for the regen-
eration process. Due to ity lower corrosivity and lower surface
tension as compared to salt solutions, 95 percent by weight trieth-
ylene glycol (TEG) was chosen as the desiccant. The performance
of the regeneration process was evaluated in terms of the water
evaporation rale and the humidity effectiveness (concept intro-
duced in a later section). The effectivencss of desiccant regener-
ation in a packed bed has not been experimentally examined
before. The experimental findings from the present study were also
compared to those obtained from theoretical modcling, as well as
other experimental findings reporied m the literature.

Humidity Effectiveness-——aA Performance Parameter for
a Packed Bed Regenerator

Analogous to the heat transfer effectivencss commonly used in
heat exchanger analysis (€., Eq. (1)), the concept of effectivencss
can be applied to the heat and mass transfer in a packed bed
dehumidifter and regenerator.

The humidity effectiveness of a packed bed dehumidifier/
Tegencratar, €y, is defined as the actual change in air humidity
ratio across the packed bed, divided by the maximum possible
change (Ullah et al., 1988},

Yoi = Your

€y =
Ym" Yn:.,u

(2)
Here, ¥y and Y eyr are the humidity ratios at the air inlet and outlet,
respectively, and Y., is the humidity ratio in equilibrium with the
desiccant at the local solution temperature and concentration, For
counter flow arrangememt, ¥, would be the humidity ratio of the
air in equilibrium with the desiccant at the desiccant inlet.

Knowledge of the humidiry effectiveness as a function of design
variables gives a valuable design tool since for known inlet des-
iecant conditions, air humidity, and effectiveness, the outlet air
humidity ratio ean be found. Then, the outlet desiccant concentra-
ton (which is of most interest for the desiccant regeneration
process) will follow from a water mass halance across the packed
bed, Therefore, the intfluence of design varables on the humidity
effectiveness has been investizated.

A correlation for €, as a function of air and liquid flow rates,
column and packing dimensions, and equilibrium properties of the
desiccant derived by Chung (1994) is given by Eq. (3%

0 205(6“‘) " [o 935(T"“)]
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Here, the parameter, 4, representing the equilibrium properties of
the desiccant is defined as the ratio of the vapor pressure depres-
sion te the vapor pressure of pure water.

.= pATow) — pdTom Xiw)
P~(TL.JN)

Although this correlation was obtained from experimental data on
desiccant air dehumidification in packed beds (absorption mode),
s applicability for desiccant regeneration in a packed bed {de-
sorption) Is examined in the present study,

(4

Experimental Procedure

P _QL*" n Tf_lc rate of water evaporation frorm the desiccant as well as the
[P humnidity effectiveness of the regeneration process were studied
Nomenclature
a, = specific surface area of packing p = vapor pressure (Pa) 7 = dimensionless vapor pressure
(m¥m*) (2 = rate of heat wansfer {W) difference (Eq. (9))
¢, = specific heat (kJ/kg-"C) g = heat transfer flux {(xW/m" i
EFs = gas phase mass transfer coefficient T = temperature {°C) Subscripts
{(kmol/m®-s) TEG = triethylene glycol q = air
F, = liquid phase mass wransfer coeffi- X = desiccant concentration (kg equ = equilibrium
cient (kmol/m?-s) TEG/kg solution) evap = water evaporalion
G = superficial air (gas) flow rate (kg/ x = desiccant mole fraction (kmol G = gas phase
me-s) desiccant/kmol solution) HE = heat exchanger
hg = gas side heat transfer coefficient Y = air humnidity ratio (kg water/kg IN = inlet
(kI/m?-s) dry air or g water/kg dry air) i = interface
L = superficial desiccant flow rate (kg/ y = water molc fraction (kmol water/ {. = desiccant or liquid phase
m'-s} kmol air} OUT = outlet
M = molar mass (kg/kmol) Z = tower height (m) = vapor
ny = flow rate (kg/s) or (g/s) € = effectiveness = walcr
N, = molar vapor mass transfer flux A = latent heat of condensation/

(kmol/mt-s)

Journal of Solar Energy Engineering

vaporization (kl/kg)

w
Y = humidity
0 = reference state
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Fig. 1 Experimental facility

experimentally as a function of the following varables: air and
desiccant flow rates; air temperature and humidity ratio; desiccant
temperature and concentration; and the height of the packed bed.

A schematic of the experimental facility is shown in Fig. 1. The
packed bed regencrator was constructed from a 25.4 cm (10 in)
diameter acrylic tube to allow for flow wvisualization, The tower
was made in sections so that the bed height could be varied without
changing the distance from the liquid distribution to the top of the
bed. The inner diameter of the tower was 0.24 m. The packing used
was 2.34 cm (1 in} pelypropylene Rauschert Hiflow® rings with a
specific surface arca of 210 m%m’. Fresh, unused triethylene
glycol was stored in a tank, and its temperature was adjusted by
circulating hot water through a submerged copper coil. Before
each experiment, the desiccant was allowed to recirculate 10 re-
move temperature and concentration gradients. Air was blown past
an air heater and through a humidifying chamber to adjust its
temperature and humidity before it entered the packed tower. At
the air inlet, an air filter was ingtalled 1o prevent airbomne particles
and water droplets from entering the regenerator. When the desired
air and desiccant conditions were obtained, the desiccant was
allowed to flow through the tower. The desiccant was distributed
over the packing by three spray heads evenly spaced in an equi-
lateral triangular configuration, A section of packing (20 cm) was
placed above the spray heads, before the air outlet 10 minimize the
loss of desiccant through the air cutlet. Once steady state was
obtained, measurements werc taken for 15 to 20 minutes using a
PC-based data acquisition system. These measurements included
inlet and cutlet temperatures of the desiccant and the air using
copper-constantan thermocouples, as well as inlet and outlet air
relative humidities using electrcal relative humidity transducers,
In addition, samples of the desiccant entering and leaving the
regenerator were taken during the experiment and analyzed for
water content using Kart Fischer tiration, The used desiceant was
pumped over to a scparate storage tank so that the inlet desiccant
concentration did not change during the experiment. The liguid
flow rate was set approximately using a flow indicator. However,
il was measured accurately by a catch-bucket method, The air
velocity was measured using a vane anemometer at the air outlet.
Finally, an air-over-oil manometer determined the air pressure
drop over the packed bed (not including the mist eliminating
seetion).

Experiments were conducied for each variable at three levels
(low, intermediate, and high value) while keeping the other vari-
ables constant at their intermediate value, Three cxperiments were
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conducted at each level to reveal the repeatability of the experi-
mental measurements.

Finite Difference Model for the Packed Bed Regenerator

For theorctical modeling of the desiccant regeneration process
in 2 packed bed, a finite difference model based on a model for
adiabatic gas absorption presented by Treybal (1969) was used.
Figure 2 shows an overview of the packed bed, as well as a small
segment, dZ, of the packed bed. In summary, the assumptions
made in this model are: adiabatic absorption; concentration and
temperature gradients in the flow direction (Z-direction, referring
to Fig. 2} only, only water is transferred between the air and the
desiceant; the interfacial surface area is the same for both heat and
mass transfer, and it is equal 10 the specific surface area of the
packing; the heat of mixing is negligible as compared to the latent
heat of condensation of water; and the resistance to heat transfer in
the liquid phase is negligible.

In the finite difference model, the packed bed height Z is divided
inte small segments, dZ (Fig. 2(&)), and the mass and energy
balances are solved for each segment, from the bottom to the wop
of the tower, resulting in the governing equations given below,
These governing equations include the changes in air humidity, air
temperature, desiccant lemperature, desiceant concentration, and
desiccant flow rate across the segment 2. A detajied derivation of
these equations is given elsewhere (Treybal, 1969; Oberg, 1998).

The mass flux of water vapor across the interface (Fig. 2(a)),
taken positive from the gas to the liquid, is

L -y,
NM.adZ = FoM.adZ In ( = }))

x
= F,M adZ In (;) = —GdY (5
i
Equation (3) gives the change in air humidity across the segment
as
dy M, Fga, ( 1 - y,-)
iz~ TG M"\T-y ©)

where the interfacial gas phase concenration is given by:

¥ (FUFgG)
,\'1=1—(l—y)( ) )

xi
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Fig. 2 Packed bed regeneration tower (a) tower overview; (b) difleren-
tial segment

Equation (7) 1s the result of cquating the molar vapor mass transfer
flux, N,. as calculated with respect to the gas phase to the molar
flux caleulated with respect to the liquid phase (Eq. (5)). The
vapor-liquid equilibrium data for the tricthylene glycol-water sys-
tem (Dow Chemical Company, 1992) were used along with Eq. (3)
to solve ieratively for the interface concentrations in the gas and
liquid phases. The equilibrium concentrations are a function of the
liquid desiccant temperature and concentration. Empirical correla-
tions for the mass transfer coefficients obtained for packed bed
desiccant regenerators are available in the literature. Potnis and
Lenz {19%6) presented dimensionless liquid-side mass transfer
correlations based on experimental results on packed bed liquid
desiccant contactors using a lithium bromide solution as the des-
iccant. However, since the present investigation used TEG as the
dasiccant, it was decided to use the empirical correlations by Onda
ct al, {1968) for the gas and liquid phasc heat and mass (ransfer
cocfficients (hs, Fg, and F,). These correlations have predicted
data within =20 percent for a range of operating and system
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conditions, using organic solvents as well as water (Onda et al,,
1968).

The air temperature gradient across the segment is found from
an cnergy balance across the gas phase {control volume I, Fig.
2(b)).

dl, —hea'(T,—T))
dZz =~ Glc,, + ¥c,,)

(8)

Here hga' is the heat wansfer coefficient corrected for simulta-
neous heat and mass transfer.

dy
_ch,;- 'd—z

hea' =
¢ 4y ©)
G

Cou 2—2-

hGa,

I —exp

An energy balance over the entire segment (control volume T1,
Fig. 2(6)) gives the change in desiccant temperature:
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(&) humidity effectiveness

G
dT, = ik {(cpn T Ye, )T,

+ (Cp.;[Tu - T’.’J] - Cp.L[TL - TO] + AD)dY (IO)

A waler mass balance across the segment (control volume IT1,
Fig. 2(&)) yields the change in desiccant concentration.

G
dX = _ZXdY (11)

Finally, an overall mass balance over control volume III (Fig. 2}
gives the change in desiccant flow rate.

dL = GdY (i2)

A FORTRAN computer program was written to carry out the
finite difference analysis with the bed height Z divided into 1000
segments. An under-relaxation itcrative procedure was utilized to
promote convergence. The criteria for convergence was £0.05°C
for the inlet desiccant temperature, and *=0.0001 kg TEG/kg
solution for the inlet desiccant concentration,
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Results and Discussion

The results from the experimental study and theoretical modet-
ing are shown graphically in Figs. 3 to 9. These figures show the
waler evaporation rate, m.,,,, and the humidity cffectiveness, €y, as
a function of air and desiccant flow rates and inlel temperatures,
desiccant concentration, inlet air humidity ratio, and packed bed
height. In addition, performance predictions from Chung's corre-
lation (Eq. (3)) are shown along with the experimental results,

Uncenainties of the experimental measurements were calculated
using the method by Kline and McClintock (1933). Error bars
obtained from these unccrtainty calculations are shown in the
figures. Further details on the uncentainty analysis are given else-
where (Oberg, 1998). The repeatability of the experimental mea-
surements is also indicated in the figures as three experimental data
peints are shown for each set of variables. To further cross-check
the consistency of the data, a water mass balance across the
regenerator was calculated, yielding 35 percent deviation between
the amount of water entering and leaving the regencrator. Simi-
larly, an energy balance across the regenerator gave deviations of
+10 percent.
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Fig. § Influence of Iniet air temperature on: (a) water evaparatlon rate;
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Fig. 6

The pressure drop across the packed bed varied between 30 and
210 Pa/m packing, depending on the air flow rate. Typically,
packed bed absorbers/desorbers are designed for a pressure drop
between 200 and 400 Pa/m packing (Treybal, 198C). Hence, even
at the highest air flow rate, the regenerator operated at the lower
end of the typical design conditions.

The finite difference mode! presented herein has previously
teen found to give good performance predictions for air dehumid-
ification in a packed bed (Oberg and Goswami, 1998c¢). Figures 3
10 9 show that the experimental findings for desiccant regeneration
also agree well with the predictions from the finite difference
model. Only a slight discrepancy can be scen (approsimately =15
percent), and the difference is within the crror bars of the exper-
iments. Also, the repeatability of the experiments for each set of
variables is better than what the error bars indicate. In cases where
there is a discrepancy, the finite difference model generally over-
predicts the performance of the regenerator. One explanation for
this is the assumption that the arca available for heat and mass
wransfer is equal to the total specific surface area of the packing.
Even though the liquid flow rate is high as compared to the air flow
rate, complete wetting of the packing is difficult to obtain. There-
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fore, the mass transfer area is less than the packing surface area.
Alsc, it should be kept in mind that the correlations used for the
ransfer coefficients are empirical, and they were obtained for
hquid-gas systems and packings other than those uscd in the
present study.

Chung’s correlation greatly overpredicts the performance of the
regenerator, and the influence of design variables is not accurately
shown from 1his correlation. For instance, the humidity effective-
ness obtained from the finite difference model and the experiments
shows a larger dependency on the air flow rate and packed bed
height than what is predicted by Chung's correlation (Figs. 3(b)
and 95)). Since this correlation was obtained from experimental
data on packed ted dehumidificrs, accurate prediciions for desic-
cant regeneration would not be expected.

The experimental study on the packed bed regeneration tower
showed the following variables to significantly influence the re-
generation performance: air flow rate, inlet desiccant temperature,
inlet air humidity ratio, inlet desiccant concentraticn, and the
packed bed height. The water evaporation rate increases with the
air flow rawe (Fig. 3{g)). However, the humidity effectivencess
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Fig. 8 Influence of inlet deslccant concentratlon on: {a) water avapara-
tion rate; (b) humidity effectiveness

decreases with the air flow rate (Fig. 3(b)) since the change in
humidity ratio across the tower decreases as the air flow rate
increases.

In the regeneration process, the water vapor pressure in the
liquid is higher than the vapor pressure in the air so that water is
evaporated from the desiccant to the air. Therefore, as the liguid
vapor pressure increases with the desiccant temperature, the po-
tential for mass transfer increases. Hence, the water evaporation
rate iitereases with the liquid temperature (Fig. 6(a)). However, the
effectiveness shows only a slight dependency on the inlet desiccant
temperature (Fig. 6(b)). This is because the highest possible hu-
midity ratio that can be obtained at the air outlet, Y., is dependent
on T, making the effectiveness somewhat normalized with
respect to the desiceant tfemperature.

By similar reasoning it may be explained why the water evap-
cration rate decreases with increasing desiccant inlet concentra-
tion, X;u, while the desiceant concentration did not inftuence the
humidity effectiveness significantly (Fig. 8). Increasing X, de-
creases the driving force for mass transfer, and thus lowers the
water evaperaticn rate, On the other hand, ¥, is dependent on X
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so that the humidity effectiveness is normalized with respect to the
desiccant concentration, Therefore, the humidity effectiveness is
not significantly influenced by X .

An increase in the inlet humidity ratio increases the vapor
pressure in the air, decreasing the potential for mass transfer
between the desiccant and the air, Therefore, the water evaporation
rate decreases with increasing inlet air humidity (Fig. 7(a}}. By
definition, the humidity effectiveness is already normalized with
respect to the inlet humidity ratio (Eq. (2)). This explains why the
humidity effectiveness is nol significantly dependent en the inlet
humidity ratio as shown in Fig. 7(b).

Increasing the bed height increases the water evaporation rate,
as well as the effectiveness (Fig. 9). This is because a taller bed
increases the area for heat and mass transfer so that a humidity
ratio closer to the cquilibrum value, ¥, may be reached at the air
outlet.

A comparison between the findings in this investigation and
experimental findings from studies previously reported in the
literature is given in Table 1. The table shows the desiccant used,
the parameters describing the performance, the independent vari-
ables and the ranees e¢xamined. Under each variable, up- and

2.0 T T T T T

1.8+ & Experimental ¥alue E
—Model

Trror
dura

rnevap (G/S)

0.4 05 0.6 0.7 c.8
Z {m)

0.5 @

Cy

Error
Bara

04— Mogel '5 7
¢ Experimental value
-—-Chung (19984)

0.0 1 : 1
0.4 g.6 0.8

(b)

Fig. 9 Influence of packed bad helght on: (a) water evaporation rate; (b}
humldlty eHectiveness
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Table 1 Packed bed regenerator performance
Reference Desiccant Performance Independent Variable
Parameter
present TEG L XN TL, N G Tarmy Y z
study kegfml-s) | (xgke) C) (kg/m2.s) | (°C) (g/xe) {m)
4.2:6.5 0.93-0.95 50-70 0.4-2.0 30-30 10-25 0.4-0.8
Mevap T 4 T T T + T
ey T i Ty 4 1 T4 T
Erias et al, mixture of L" AN TLIN Ym'© ]
{1594} Li€1 and (kg/m2-5) (kg/kg) o) (g/kg)
CaCiz 0.8-3,1 0.32-0.46 60-90 1§-25
XouT P T T 1 ;
TL.out T T 1 0
Lafetal. LiCl G’
(1984) (kg/m2-5)
0.7-0.74
hGa t [
Patmaik et LiBr L* TL N X ToiN Y
al. (1990) {kg/m?2-s) (°C) {xerke) °Cy (g/xa)
1.1-1.5 40-56 0.57-0.60 55-75 5-9
Mevan T T A T T |
Potnis and LiBr L"’
Lenz {1996) (kg/m<-s)
i3
Mewvap _ T
i1 Values converted to this unit by present authors.
T perfonmance parameter inureaszs with increesing variable
4 performance parameter decreases with increasing variabis
T variuble has no significant effect on the performance parameter

down-arrows indicate the influence of the variable on the perfor-
mance parameter. Table | shows that a limited amount of exper-
imental data on packed bed regenerators is available in the litera-
ture. Thus, the present detailed investigation provides valuable
insights into the design of the desiccant regeneration process,
especially for the use of tricthylene glycol as the desiccant,

In generzl, findings from all the studies agree well. However,
Eras et al. (1994), Patnaik et al. (1990), and Potnis and Lenz
(1996) found that the water cvaporation rate increases with desic-
cant flow rate, whereas the present study found only a slight
dependency on the desiccant flow rate. Patnaik et al. (1990) and
Potnis and Lenz (1996) explained the large dependency on desic-
cant flow rate as being duc to the large resistance to mass transfer
in the liquid phase. In the present investigation TEG was used as
the desiccant whereas salt solutions were used in the other inves-
tigations, and it may be that the resistance 10 mass transter in the
liquid phase is not as important in the TEG-water-air system. Also,
Patnaik ct al. (£990) explained part of the dependency on the
desiccant flow rale as being duc to increased wetting of the
packing with increasing flow rate. That is, if the liguid flow rate is
low, an increase may provide better wetting of the packing, and
therefore increase the performance of the regenerator. In the
present study, higher desiccant flow rates were used than in the
other studies. At a certain desiceant flow rate, maximum wetting of
the packing is obtained and a further increase of the flow rate will
not improve the wetting. Therefore, in addition to a large resis-
tance to mass transfer in the liquid phase, the performance im-
provement reported in the previous investigations (Ertas et al,
1994; Patnaik et al., 1990; Potnis and Lenz, 1996} is also explained
by the increased welting of the packing with increasing flow rate.
Since no significant dependency was obtained in the present in-
vestigation, it may be concluded that the flow rates used were
sufficient to obtain maximum wesling in the system used here.

In the study by Patnaik et al. (1990}, the evaporation rate
increases with air temperature. In the present study, no dependency
on the air termperature was obtained. Again, this discrepancy can
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be explained by the higher desiccant flow rates used in the present
study. The performance of the regeneration process witl increase
with increased heat addition since this will increase the average
temperature in the regenerator, which in turn increases the driving
force for mass transfer. With a higher desiccant flow rate, the
relative amount of heat added 1o the regencrator by the air stream
1s lower. Thus, the inlet air temperature 38 not as important when
using high desiccant flow rates.

Finally, provided that the desiccant flow rate is high enough to
cnsure adeguate wetting of the packing, enly the air flow rate, G,
and the tower height, Z, significantly influence the humidity ef-
fectiveness, .. Hence, the knowledge of a functional relationship
between €y, G, and Z opens up the possibility for a greatly
simplified model of the desiccant regeneration in a packed bed.
However, such a model would be system specific and weuld only
apply to the specific packing, desiccant, etc., for which the rela-
lionship was obtained.

Conclusions

As the largest energy requirement associated with desiccant
cooling is low temperature heat for desiccant regeneralion, the
performance of the regeneration process greatly influences the
overall system performance. Therefore, to advance solar-based
liquid desiccant cooling techniology, the many design variables
affecting the performance of a packed bed regenerator have been
experimentally investigated. In addition, performance predictions
from a theoretical model, and empinical comelations previcusly
available in the literature, have been compared to the experimental
findings.

Design variables found to have the greatest impact on the
performance of the regenerator are the air flow rate and the
humidity ratio, the desiccant temperature and concentration, and
the packed bed height. The liquid flow rawe and the inlet air
temperature did not have a2 significant effect on the regenerator
performance; however, the liquid flow rate must be high enongh to

AUGUST 1999, Vol. 121 / 169



ensure wetting of the packing, In this study, the liquid flow rate
was higher as comparcd io the flow rates used in the studies
previously reported.

The resulis obtained in this study compare reasonably well with
other experimental investigations, Contrary to the findings of this
study, some studies have found that the liquid flow rate and air
temperatures influence the performance. One explanation for this
is the lower liguid flow rate used in those investigations,

The regenerator performance predicted with the finite difference
mode! described in this paper shows a geod agreement with the
experimental findings. Thus, for s detailed study of the regencra-
tion process, the finite difference medel gives accuraie perfor-
mance predictions based on fundamental equations, minimizing
the assumptions and wse of empirical correlations.

Correlations for the effectiveness of the absorption/desorption
process in a packed bed dehumidifier/regencrator 4s a function of
design variables are very useful for quick performance estimates,
and for incorporating into system simulation modeis. The most
general correlation currently available in the literature is the one by
Chung (1994) which is based on experimental data for air dehu-
midification in a packed bed. From the present study it is evident
that this correlation is not applicable to desiccant regeneration in a
packed bed. Hence, it would be valuable if comrelations valid for
both dehurnidification and regencration were derived.
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