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Desiccant cooling systems have the ability 10 provide efficient humidity and tempera-
ture control while reducing the electrical energy requirement for aiv conditioning as
compared 1o a conventional system. Nawrally, the desiccant air dehumidification
process greatly influences the overall performance of the desiccant systent. Therefore,
the effects of variables such ay air and desiccam flow rates, air lemperatire and
humidity, desiceani temperature and concentration. and the area available for hear
and mass transfer are of great interest. Due to the complexity of the delumidification
process, theoretical modeling relies heavily wupon experimental studies. However,
fimited number of experimenta! swudies are reported in the litevarure. This paper
presents resulty from a derailed experimental investigaiion of the hear and masy
transfer between a liquid desiccant (triethylene glyeol) and air in a packed bed
absorplion 1ower using high liquid flow rates. A high performance pucking that
combines good heat and mass transfer characteristics with low pressure drep is used.
The rate of dehumidification, as well as the effectiveness of the dehwmidification
process are assessed based on the variables listed above, Good agreement is shown
10 exisi between the experimental findings and predictions from finite difference
modeling, In addirion, a comparison between the findings in the present siudy and
findings previowusly reporied in the literature is made. The resulis obrained front this
study make Ir possible to characrerize the Important variables which impact the

system design.

Introduction and Background

Airconditioning requires ¢flicient control of both temperature
and humidity. In hot and humid climates, conventional vapor
compression air conditioning systems cool the air below its dew
point to reduce the moisture content, {ollowed by reheat of the
air 1o a comtortable temperature before it is introduced into the
conditioned space, Hence, the evaporator in the vapor compres-
sion system operates at a lower temperature than what is re-
quired to meet the sensible cooling load, resulting in a lower
cocfficicnt of performance (COP). Turthermore, energy effi-
cient vapor compression systems designed to operate at higher
evaporator lemperatures, have been found unable to maintain
the indoor relative humidity within a comfortable range in hot
and huniid climates { Marsala et al., 1989). Therefore, separat-
ing the control of humidity and temperature by means of desic-
cants could result in energy savings, as well as improved humid-
ity control. The largest energy requirement associated with the
use of a desiccant dehumidifier is low temperature heat that
could be provided by solar energy or waste ficat.

The use of liquid desiccants may be advantageous compared
o solid desiccants. According to Howell (1987), the pressure
drop through a liquid desiceant system is smaller than the pres-
sure drop through a solid destecant wheel. Also, the ability to
pump the liguid makes it possible to connect several small
dehumidifiers to one large regeneration unit {Harriman, 19903,
which may be advantageous in large buildings. Finally, concen-
trated desiccant may be stored for use during the times when
no suitable source of regeneration heat is available.
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The driving force for mass transfer between the air and the
desiceant is the difference in vapor pressure between the air
and the desiccant. Hence, the desiccant must have as low a
vapor pressure as possible. Liquid desiceants commonly used
are aqueous solutions of lithium bromide, lithium chleride, cal-
cium chleride, salt mixtures, and tricthylene glycol (TEG). As
cool and concentrated desiceant is brought in comact with air,
water vapor in the air is absorbed by the desiceant, 1.e.. water
condenses into the desiccant. During this process, heat is
evolved due 1o the latent heat of condensation of the water, and
the heat of mixing. Equipment commenly employed in desiceant
systems includes packed bed absorption towers (e.¢.. Gandhida-
san, 1994, Kinsara et al., 1996, Sick et al.,, 1988, and
Thornbloom and Nimmeo, 1993 ) and spray chambers containing
finned cooling coils (e.g., Johammsen, 1984, Mahmoud and Ball,
1988, Robison, 1977, and Scalabrin and Scaluit, 1990). In a
sprayed cooling coil dehumidifier, air 1s dehumidified as 1t is
brought in contact with the desiceant film flowing over the coil.
Cooling water or refrigerant flowing through the coil removes
the heat evolved during the absorption. allowing for an isother-
mal process. Packed towers offer a larger area for heat and
mass transfer per unit volume than coil dehumidifiers. However,
the heat evolved 1s usually mol removed with the result that
the desiccant wemperature may increase threughout the tower,
reducing the potential for mass transter. Pressure drop through
a packed bed may also be higher than in a coil dehumidifier.
However, modern packings are being designed for low pressure
drop. The passibility of designing compact air dehumidifiers
makes the packed bed absorption towers very altraclive as a
contact device, Thus, a packed bed absorption tower was chosen
as the dehumidifier for this investigation.

Naturally, the effectiveness of the desiccant air dehumidifi-
cation process greatly influences the overall perfermance of the
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Fig. 1

desiceant system. Therefore, the impact of variables such as air
and desiccant flow rates, air temperature and humidity, desic-
cant temperature and concentration, and the area available for
heat and mass transfer on the performance of the dehumidifier
is of great interest. A number of studies of the heat and mass
wransfer in the dehumidifier have been presented, The perfor-
mance of a packed bed dehumidifier as a funcuion of design
variables hag been modeled by Gandhidasan et al. ( 1987), Khan
(1996 and 1994), and Ullah et al. { 1988). Due 1o the complex-
ity of the dchumidification process, theoretical modeling relies
heavily upon experimental data, However, a limited number of
studies which include experimental findings are reported in the
literature. Chen et al. {1989), Chung ct al. (1993), McDonald
ctal, (1992), Pamnaik et al. (1990) and Pownis and Lenz ( 1996)
carried out experiments on packed bed dechumidifiers, using salt
solutions as the desiccants. Chung et al. (1995) reported some
cxperimental findings using tricthylene glycol as the desiccant,

Nomenclature
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Experimental facility

The objective of the present investigation is to provide addi-
tional experimental data to aid in the design of desiccant sys-
tems, Therefore, a thorough experimemal analysis was carried
out, exploring the influence of all the variables previously listed.
Compared 1© most of the experimenial studies lsted 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. Due
1o its lower corrosivily and lower surface tension as compared
Lo salt solutions, 95% by weight triethylene glycol was chosen
as the desiccant. The performance of the dehumidification pro-
cess was evaluated in terms of the water condensation rate (i.c.,
the rate of moisture removal from the air), and the dchumidifi-
cation effectiveness (concept introduced in a later section). The
cxperimental findings were compared to those obtained from
theoretical modeling, as well as other experimental findings
reported in the literature.

a, = specific surface arca of packing ke = pas phase mass transfer coeffi- y = water mole fraction (kmol water/
(m"/m*) cient (kmol/m2-s-Pa) kmel air)

a, = weted surface area of packing k), = liquid phase mass wansfer coef- Z = tower height (m)
(m*/m%) ficicrt (m/fs) ¥ = surface tension (N/m)

COP = coefficient of performance L = superficial desiccant flow rate ¢ = effectiveness

¢, = specific heat (kI7kg-°C) {ka/m™s) A = latent heat of condensation/ va-

D = diffusivity (m?®/s) M = molar mass (kg/kmol) porization {kI/kg)

d, = diameter of sphere with the same m = flow rate (kg/s) or (g/s) i = viscosity (Ns/m*)

surface arca as a single packing
particle {m)

F.= gas phase mass transfer coeffi-
cient (Kkmol/m?3-s)

F; = liquid phasc mass transfer coef-
ficient (kmol/m?*-s)

G = superficial air (gas) flow rate
{kg/m®s)

g = acceleration of gravity (m/s?)

H = enthalpy (kJ/kg)

hg = gas side heat transfer cocfficient
(kI/m*s)

J» = dimensionless heat transfer group
(Eq. 13)

J.. = dimensionless mass transfer
group (Eq. 13)

K. = overall gas side mass transfer co-

efficient (kmol/m?®-s)
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N, = molar vapor mass transfer flux
{kmol/m*-s)
P = (otal pressure (Pa)
Pr == Prandtl number
p = vapor pressure (Pa)
g = heat transfer flux (kW/m?)
Sc¢ = Schmidt number
T = temperature (°C)
TEG = tricthylene glyeol
X = desiccanl concentration (kg
TEG/kg solution}
x = desiccant mole fraction (kmol
TEG/kmol solution)

Xxgy = logarithmic mean solvent mole
fraction difference between the
bulk liquid and interface values
{kmol TEG/kmol solution)

¥ = air humidity ratio (kg water/kg
dry air or g water/kg dry air)

7 = dimensionless vapor pressure
difference (Eq. 15)
g = density (kg/m™)

Subscripts
a = air
¢ = cntical
cond = waler condensalion
cqu = equilibrium
= gas phase
IN = inlet
{ = interface
= desiccant or liquid phase
OUT = outlet
v = vapor
w = waler
Y = humidity
0 = reference state
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Fig. 2 Packed bed dehumidifier; (a) overview; (b) diferential segment

Experimental Procedure

The rate of moistnre removal from the air (water condensa-
tion rate) as well as the effectiveness of the dehumidification
process were studied experimentally as a function of the tollow-
ing variables: air and desiccant flow rates; air temperature and
humidity rutio; desiccant temperature and coneentration; and
the height of the packed bed.

A schematic of the experitnental facility is shown in Fig. L.
The packed bed absorption tower was constructed from a 25.4
cm (1010} diameter acrylic tube to allow for flow visualization.
The tower was made in sections so that the bed height could
be varied without changing the distance from the liquid distribu-
tion 10 the top of the bed. The inner diameter of the tower was
0.24 m. The packing used was 2.54 cm (] in) polypropylene
Rauschert Hiflow® nings with a specific surface area of 210 m*/
m”. Fresh, unused triethylene glycol was stored in a tank, and
its temperature was adjusted by circulating cold or warm water
through a submerged copper coil. Before cach experiment, the
desiccant was allowed to recirculate 1o remove any temperature
and concentration gradients. Air was blown past an air heater
and through a humidifying chamber o adjust its temperature
and relative humidity before it entered the packed tower. At the
air inlet, an air filter was installed to prevent air borne particles
and water droplets from entering the dehumidifier. When the
desired air and desiccant conditions were obtained, the desiccant
was allowed to flow through the tower, The desiccant was dis-
tribuied over the packing by three spray heads evenly spaced
in an equilateral triangular configuration. A section of packing
(20 cm) was placed above the spray heads, betore the air outlet
to minimize the loss of desiceant through the air outlet. Once
steady state was obtained, mcasurements were taken for 15 to
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20 minutes using a PC-based data acquisiticn system. These
measurements included inlet and outlet temperatures of the des-
fccant and the air using copper-constantan thermocouples
{*+0.5°C accuracy), as well as inlet and outlel air relative hu-
midities { = 1% accuracy). In addition, samples of the desiccant
cntering and leaving the dehumidifier were taken during the
experiment and analyzed for water content using Karl Fischer
titration. The used desiccant was pumped over to a separate
storage tank so that the inlet desiceant concentration did not
change during the experiment. The liquid flow rate was sct
approximately using a flow indicator. However, it was measured
accurately by a catch-bucket method. The air velocity was mea-
sured using an vane anermometer at the air outlet { +3% accu-
racy). Finally, the air pressure drop over the packed bed (not
including the mist eliminating section) was determined by an
air-over-oil manometer.

Experiments were conducted for cach variable at three levels
(low, mntermediate, and high value) while keeping the other

LRV T T
<> Experimental value

1.0l —— Mgdel R

I —--- Chung (1994)

oAk -
) |
~
=
2 06
£

a4l .I. Error -

! Rars
0.2 k-
[ L + : —
0.0 (v 1.0 ) 2.0 A
G (xg/m"-x)
{a)
1.0 .
i o = -
0.8 ) o
a.d8 |~ -
Ub.
{ Experimental volue Yrror
0.4l —Model Dlllra |
~-—-Chung (1994)
0.2 - B
0.0 : L : -
0.0 (K. ] 1.0 1.5 2.0 2.5
G (kg/m”—s)

0]

Fig. 3 Influence of air flow rate on: {a) condensation rate; {b) dehumidi-
fication effectiveness
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variables constant at their intermediale value. Three experi-
ments were conducted at cach level,

Theoretical Model of the Packed Bed Absorption
Tower

For this stdy, a finite difference model similar 1o those used
by Factor and Grossman (1980} and Gandhidasan et al, (1987)
was utilized, This model is essentially based on the model for
adiabatic gas absorption presented by Treybal (1969 with the
excepuion that the resistance Lo heat transfer in the liquid phase
is neglected. In summary, the assumptions made in this study
arc: adiabatic absorption; concentration and temperature gradi-
ents in the flow direction ( Z-direction, referring to Fig. 2) only;
only water 15 transferred between the air and the desiceant; the
interfacial surface area is the same for heat (ransfer and mass
transfer, and it is equal 1o the specific surface area of the pack-
ing; the heat of mixing is negligible as compared (o the latent
heat of condensation of the water; and the resistance to heat
transfer in the liquid phase is negligible,

292 / Vol. 120, NOVEMBER 1998

Figure 2a gives an overview of the packed bed absorption
tower. For the finite difference model, the packed bed height Z
is divided into small segments, 47 (Fig. 24), and the mass and
energy balances are solved for cach scgment, from the bottom
e the top of the tower, The governing equations that describe
the changes in air humidity and air temperature, desiccant tem-
perature and desiccant concentration, and desiceant flow rate
across a segment are given below. A detailed derivation of these
cquations is given by Treybal (19693,

Change in air humidity across the segment:

dY M. Foa, ~ ¥
LI _Faln(l 3 ()
dz o t—y
where the interfacial gas phiase concentration is given by
¢ \FilFg
y=1-0l-n- (2)
x,

The vaper-liquid cquitibrium data for the tricthylene glycal-
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Fig. 5 Influence of inlet air temperature on: {2} condensation rate; (b}

dehumidification effectiveness

Transactions of the ASME



1.2 oy
10k <  Experimental value -
——=  Model
—=== Chung {1994} ]’ Error
Bars
0B -
L
=2
- 1
T 0E| -
2] O ST—
g S —=
o4 - ‘g\x"%u -!
o8
0.2 -
0.0 : * —
25 30 35
(=]
Taw £ 6
(a)
T T
1.0 -
Yo = ©
0.8t < Lo
o
0.6 k- B
w)—
0.4 - Errar .
$ Experimental value Bars
——Maodel
— Chung {1994)
0.2 .
0 O ] i 1
25 30 35
a
T €€
{b)

Fig. 6 Influence of inlet desiccant temperature on: {a) candensation
rata; {b) dehumidification effectiveness

water systent ( Dow Chemical Company, 1992) were used along
with Eq. (2) 1o solve for the interface concentrations in the gas
and liquid phascs.
Change in air temperature across the segment:
dt,  —hea' (T, — T) (3)
dZ G{C;-'.u - YCp.'.-) i
where hga’ s the heat transfer coefficient corrected for siimulia-
neous heat and mass transfer (Eq. (4)).

day
—Ge,, d_Z
fea' = y a7 (4)
Gepn —
U dZ
1 — exp
kga,

¢ Change in desiccant temperature across the scgment:

8]
dT_l_ = !
C‘:,‘;_

F+lep (T = To) = T = To) + XpldY) (3)

¢ Change In desiccant concentration across the segment:

{(cpu + Yc,)dT,
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dx = - ngY (6)

¢ Change in desiccant flow rate across the segment
dL = GdY (7)

Correlations for the mass (ransfer coefficients obtained for
packed bed desiccant air dehumidifiers and regenerators are
available in the literature. For instance, Potnis and Lenz ( 1996)
presented dimensionless liguid phase mass transfer correlations
based on experimental resulls on packed bed liquid desiccant
contactors using a lithium bromide solution as the desiccant.
Howcever, since the present investigation use TEG as the desic-
cant, it was decided 1o use empirical correlations by Onda ¢t
al. (1967 and 1968) for the gas and liquid phase heat and
mass transfer coelficients (Egs. (8), (9), and (10}). These
correlations were chosen as they had predicted deta within
+20% for a range of operating and system conditions, using
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Fig. 7 Influence of inlet air humidity ratio on: (@) condensation rate; (b)
dehurmidification effectiveness
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Results and Discussion

The results from the experimental study and theoretical model-
ing are depicted graphically in Figs. 3 to 9. These figures show
the water condensation rate (moisture removal rate), rig.s, and
the dehumidification effcctiveness, ey, as a function of air and
desiccant flow rates and inlet temperatures, desiccant concentra-
tion, inlet air humidity ratio, and packed bed height. Uncertaintics
of the cxperimental measurements were calculated using the
method by Kline and McClintock (1953). Emor bars obtained
from these calculations are shown in the figures. To cross-check
the censistency of the data, a water mass balance across the dehu-
midifier was calculated, yielding =3% deviation between the
amount of water entering and leaving the dehumidifier. Similarly,
an energy balance across the dehumidifier gave deviations of +6%.
Thus, the assumption of adiabatic absorption is satisfactory. The
pressure drop across the packed bed varied between 30 and 210
Pa/m packing, depending on the air flow rate.

The dehumidification effectiveness, ey, is defined as the ratic
of the actual change in moisture content of the air flowing
through the dehumidifier to the maximum possible under the
same operating conditions (Ullah et al,, 1988).

oy w2 Toup (14)
YJN - )»m

Here, ¥y and ¥oy arc the humidity ratios at the air inlet and outlet,
respectively, and Y., is tie humidity ratio in equilibrium with the
desiceant at the local solution temperature and concentration. For
counter flow arrangement, ¥, would be the humidity ratio of the
air iy equilibrium with the desiccant at the desiccant inlet, Ullah et
al. (19887 presented a curve fit for ¢y as a function of the inlet
desiccant and air wemperatures, and the desiceant concentration for
a given ower height, liquid and air flow mates, geometry, and desic-
canl. A more general correlation of ey as a function of air and
liquid flow rates, column and packing dimensions, and equilibrium
properties of the desiccant was suggested by Chung (1994), This
correlation was obtained using experimental data available in the
literature. A paramcler, T, reprusenting the cquilibium properties
of the desiccant was defined as the ratic of the vapor pressure
depression to the vapor pressure of pure water (Eq. (15)). The
correladon by Chung (1994) is given in Eq. (16).

P Sl 4. (15)

.

G\ [ (rl)]
0.205( ) exp| 0985 —=
[—L\‘ p TL.IN

((JZ_)"'"“.'. T

T i
0.152 exp[ -0.686 (_“) }
T.L.l.\'

BT
f P e

Cy =

(16)

| —

Results predicted with this correlation are shown together with
the experimental findings from the present study in Figs. 3
to 9.

The experimental findings agree well with the predictions
from the finite difference model described in this study. Only
a slight discrepancy can be seen (approximately *13%), and
the difference is consistently within the error bars of the experi-
ments. Also, the repeatability of the experiments for each set
of variables is better than what the error bars indicate. In cases
where a discrepancy is apparent, the finite difference model
generally over-predicts the performance of the dehumidifier.
This is presumably duc to the assumption that the arca available
for heat and mass transfer is equal to the total specific surface
arca of the packing. Even though the liquid flow rates are high
as compared to the air flow rate, complete wetting of the packing
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is difficult to obtain. Therefore, the niass transfer area is less
than the packing surface area. Also, it should be kept in mind
that the correlations used for the transfer coefficicents are empiri-
cal, and they were oblained for liquid-gas systems and packings
ather than those used in the present study. Although the correla-
tion by Chung (1994) predicted the performance of the dehu-
midifier within 10% of the cxperimental findings, the finite
difference model appears to predict the influence of design vari-
ables more accurately; i.c., trends shown by the expenimental
values were also predicted by the finite ditference model. More
specifically, the decrease in dehumidifier performance with in-
creasing inlet air temperature {Fig. 5) predicted by the correla-
tion of Chung {19%94) cannot be seen from the experiments or
the finite difference model. Also, Chung’s correlation (1994)
showed a dependency on the inlet desiceant temperature which
was not found in the present investigation (Fig. 6).

The following variables werce found to have the most signifi-
cant effect on the dehumidifier performance: air flow rate, inket
desiceant temperature, inlet air humidity ratio, inlet desiccant
concentration, and the arca available for heat and mass transfur,
i.e., the height of the packed bed, The condensation rate in-
creased with the air flow rate (Fig. 3a}. The change in humidity
ratio through the tower decreased with an increase in the air
flow rate due to the reduced residence time for the air in the
dehumidifier. Hence, the dehumidification effectiveness de-
creased with an increase in the air flow rate (Fig. 3b). Increasing
the desiccant temperature decreased the condensation rate (Fig,
6a). A higher desiccant temperature gives a lower potential for
mass transfer in the dehumidifier resulting in a lower condensa-
tion rate. However, the dehumidification effectiveness was not
affected by the desiceant temperature (Fig. 66, This is because
the lowest possible humidity ratio that can be obtained at the
air outlet, Y., 1s direetly dependent on 77 1y, making the effec-
liveness somuewhat vormalized with respect to the desiccant
temperature. Similarly, the condensation rate increased slightly
with the desiccant concentration, but the desiceant concentration
did not change the effectiveness significantly (Fig. 8). An in-
crease in the area available for heat and mass transfer, oblained
by increasing the height of the packed bed, increased the con-
densation rate aud the eftectiveness (Fig. 9). A taller bed makes
it possible for the air to reach a humidity rato closer to the
equilibrium value, Y. ,, at the air outlet.

The influence of design variables is surnmarized in Table 1
along with the experimental findings previously reported in the
literature, The table shows the desiccant used, the parameters de-
scribing the performarnce, the independent variables and the ranges
examined, Under each independent variable, the influence of the
vanable on the performance parameter is indicated by up and
down arrows. As shown, the present study used liquid flow rates
significantly higher than the previcus studies with the exception
of the work by Chung et al. (1995} Initial experiments at lowcr
flow rates showed poor performance compared o the predictions
from the theoretical model. This was presumably due (o inadequate
welting of the packing, Therefore, it was decided to carry out the
experiments at higher flow rates. Chung et al, {1995) had similar
reasons for using high liquid flow rates. Indeed, Pawaik ct al.
(199G) and Chen ¢t al. (1989) fouud the condensation rate to
inerease with liquid flow rate. They explained this partly by the
increased wetting of the packing with ncreased flow rates, How-
ever, in the present study no dependeney on the liquid flow rate
was found, Hence, it may be concluded that the flow rates used
in this study were sufticient to achieve maximom wetting for the
preseut system. Potnis and Lenz {1996) also found the condensa-
tion rate 1o increase with increasing desiccant flow rate, In their
study, this increase was due to the resistance to mass transfer being
dominating in the liquid phase.

Pawnaik et al. (1990) tound that the condensation rale de-
creased as the inlet air temperature increased. They explained
this dependency on the increase in liguid temperaure due o
sensible heat transfer from the air to the desiceant. The present
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Table 1 Packad bed dehumidifier performance

| Auilins Thsitccan | Petomane Tralepenilent Varables
|| Paramcter
Obeerg and TEG L X T G Towi Y F
| Chivsramni (kgim*-s) | (kgikg) ") (kg/m*-s) (“Ch (g%g) (my |
| (presch 4565 | 0.94-0.96 25.35 0.5-20 25-35 11.22 0.4.08
. P I I i T T T
| . 7T TT 2 | 1T T T
Chen et al, LiC1 L' X T [ Tuw Y Z |
(1959) ke’ | (ki) "C) (kg/m®-s} (“C) (g/kg) {in)
0.1-10 0.3-04 2639 0212 25-3§ 17-22 0.1-0.6
m,.. T T 1 T i T T
Chomg o al. TEG L K G
(1955) (kgim-s) thefkz) (kg/mi-s)
n-11 0.90.95 0.§-1.2
Cy T T -
| Koa T i i
| Ml mixtyre L Ko T T ot FA
ctal, (1992} | of LiCl kgfim™s) {kg/kg) Q) (") (2/kg) (rn)
and CaCl, 1539 0.4043 1843 336 2141 0S4
o T T 1 TI T T
Vour T " T i1 T T
Pamalk ¢t LiBr L’ Xo T G Tiw Y
al. (1990) {km®s) {kgkg) *e) (kgAn'-s) [ {g%g}
0.6-1.7 0.45-0.58 24.32 1.3-1.9 24-36 9-22
g T T Tl Tl 1 T 1
Polisis ard LiBr L
Lenz i 1%97) i) |
U515 I
Mo T -
*  Walues converied to this pmit by preserd authors, |
T PETTOANANCE POTUMCHET IRCTEAses with incressing vanaik: |
+  performance parimetsr decreniss with imooeaging vanishli
Td varfabie has s siznificant effecy on the perfomuncs parmeter |

study showed no dependency of the condensation rate on the
inlet air iemperature. The reason for this ohservation js that the
desiceant flow rate was significantly bigher than the air ow
rate. Thercfore, the sensible heat transfer from the air to the
desicecant was 100 small te increase the desiccant temperature
significantly. Chena ¢t al. (1989) found that the condensation
rale increased with the inlet air temperature, This was probably
due to the fact that they used relative humidity as a variable
instcad of humidity ratic. For a constant relative humidity, the
warmer the air, the higher the humidity raiio, which gives a
higher condensation rate.

Based on the comparison between the experimental and the
theoretical results in this study, 1t is behieved that the finite
difference model deseribed herein gives good predictions for
design and perfermance simulation.

Conclusions

Design vanables found 1o have the greatest impact on the
performance of the dehumidifier are the air flow rate and the
humidity ratio, the desiccant temperature and concenlration, and
the packed bed height. The Tiguid flow rate and the inlet air
temperature did not have a significant effect on the dehumidifier
performance; however, the liquid flow rate must be high encugh
to ensure wetling of the packing. In this swdy, the liquid flow
ratc was higher as compared to the flow rates used in the major-
iy of studies previously reported.

The resulls oblained in this study compare reasonably well
with other expenmental investigations, Contrary 1o the findings
of this study, some studics snggest that the liquid flow rate and
air lemperature influence the performance, This is presumably
due to the lower liquid flow rate used in those investigations,

The dehumidifier performance predicted with the finite differ-
cnce madel described in this paper shows a good agreement

296 / Vol. 120, NOVEMBER 1998

with the experimental findings. Thus, for a detailed study of
the absorption process, this model gives aceurate performance
predictions based on fundamental equations, minimizing the
assumptions and use of empirical correlations.
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