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Desiccant systems have found applications in a very large variety of industrial and daily usage
products including the new HVAC installations. The dehumidifier is one of the essential parts of
those systems, which severely affects the whole system performance. This paper theoretically and
experimentally studies the performance of the cross flow dehumidifier, which has been less
studied than the counter flow dehumidifier, although it is more applicable in practice. Channel
gauze structured packing was used in the dehumidifier and a LiCl aqueous solution was used as
the liquid desiccant. The humidity reduction and dehumidifier effectiveness were adopted as the
dehumidifier performance indices. The effects of the dehumidifier inlet parameters, including
inlet air and desiccant flow rates, inlet air and desiccant temperature, inlet desiccant concentra-

tion and inlet air humidity ratio, on the two indices were investigated. The characteristics of the
dehumidifier performance agreed well with the other studies reported in the open literature.
© Published by Elsevier Ltd.
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1. Introduction

Dehumidification is the process of removal of water vapor from moist air. It can be achieved by either cooling or in-
creasing the pressure of air or by absorption/adsorption of moisture by a solid or liquid material (called a desiccant). The two
methods, cooling and increasing the pressure of air, require high energy consumption.

Recently, a number of hybrid air conditioning systems have been proposed, in which liquid and solid desiccants are used to
meet the latent heat load. A liquid desiccant system is preferable because of its operational flexibility, ability to absorb inorganic
and organic contaminants from air [1-4] and its ability also to operate under a relatively low regeneration temperature. Besides,
using of brine as absorbents is frequently environmentally friend as it does not cause ozone depletion [5].

The liquid desiccant air-conditioning system has been proposed as an alternative to the conventional vapor compression
cooling systems to control air humidity, especially in hot and humid areas, due to its advantage in removing the latent load
as well as the potential to remove a number of pollutants from the air stream [6-8]. The removal of moisture from the air
depends on the difference in water vapor pressure held by the desiccant and that of water vapor present in the air [9].

The main components of a liquid desiccant system are two gas-liquid contactors, a dehumidifier, and a regenerator. The
air is dehumidified by being in contact with concentrated solution in a dehumidifier. The solution is diluted during the
dehumidification process, and needs to be regenerated before being reused. There are two types of gas-liquid contactors,
namely, structured packing and random packing [10-12].
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Nomenclature Greek symbols

a specific area of packing per volume o heat transfer coefficient (kW/m? °C)
(m?/m3) O mass transfer coefficient (kg/m? s)

Co, a specific heat of liquid desiccant €m dehumidifier effectiveness (%)
(kJ/kg K) ¢ pressure drop coefficient per meter in flow

Deq equivalent diameter (m) direction (1/m)

H height of the cross flow dehumidifier (m) p density (Kg/m?)

k thermal conductivity (kW/mK) W, humidity ratio of air (gw.v/kgq.a)

L length of cross flow dehumidifier (m) We humidity ratio of air in equilibrium with liquid

Le Lewis number, (0t/0ty,Cp2) desiccant (gw.v/kgq.a)

m3 air flow rate (kg/s)

ms liquid desiccant flow rate (kg/s) Subscripts

Nu Nusselt number, atDeq/K

P total pressure (kPa) a air

Pr Prandtl number, pC,,/K db dry bulb

P, vapor pressure (kPa) e equilibrium

Re Reynolds number, puDeg/pt g gas

Ry characteristic gas constant for water vapor (k]/ i inlet
kg K) m mixture

T temperature (°C) o outlet

u air velocity (m/s) s liquid desiccant solution

w width of cross flow dehumidifier (m) v vapor

X concentration (mass ratio of desiccant to so- w water
lution) of the liquid desiccant (%) wb wet bulb

The use of liquid desiccants offers an important advantage; in addition to reducing humidity, the quality of the air can be
controlled through the co-absorption of pollutants into the solution. However, direct-contact liquid desiccant air-con-
ditioning systems have the risk of carry-over of aerosol droplets to the supply airstream, which may cause health problems
for occupants and corrosion of the ducting system. The desiccant carry-over problem can be eliminated by using a liquid-to-
air membrane energy exchanger (LAMEE). The LAMEE is a novel energy exchanger, in which air and desiccant solution
streams are separated using semi-permeable membranes [13-18]. These membranes allow simultaneous heat and moisture
transfer between the air and desiccant solution streams, but do not allow the transfer of any liquid droplets, and thus
eliminate the desiccant carry-over problem. A new liquid-to-air (LAMEE) was developed and progress has been made on the
research and applications of LAMEEs in building HVAC systems [13-16].

The dehumidifier and regenerator can be divided into adiabatic and internally cooled types. In the adiabatic module, only
air and desiccant exchange heat and mass (moisture content). The adiabatic dehumidifiers can afford large air-desiccant
contacting area with relatively simple geometry configuration. Internally cooled or heated liquid desiccant-air contact units
can be used for effective air dehumidification or desiccant regeneration, respectively [19-23]. Since the desiccant is cooled/
heated synchronously, as it contacts humid/dry air, and thus maintains its low/high surface vapor pressure. Abdel Salam [19]
presented an experimental data for a new 3-fluid liquid to air membrane energy exchanger which uses cooling/heating
water to cool/heat the desiccant solution.

Packing materials is the place where mass transfer occurs between falling film of the LD and inlet air. Hence, The packing
material is one of the most important factors affecting the performance of the dehumidification process . The structured
packing, namely gauze-type has been selected for a lot of advantages such as low pressure drop, sensitivity to fouling, liquid
holdup, ease of handling high or low desiccant flow rate, resistance to corrosion, and reasonable cost. Many studies provided
rigorous models for predicting the pressure drop in both structured and random packing materials, and most of them
revealed that the structured packing has the lower pressure drop and higher capacity compared with random packing. This
study, therefore, investigates the performance of a cross-flow liquid desiccant dehumidification system. Structured gauze
packing slides have been selected; the installation and pressure drop are more convenient, compared with other packing.

2. Experimental facility

2.1. Description of the liquid desiccant dehumidifier

The schematic and photograph of the structure packing and the components of the experimental cross-flow packed bed
dehumidifier are shown in Fig. 1a and b respectively. The main apparatus consists of gauze packing slides (1), dilute solution



262 A.S.A. Mohamed et al. / Case Studies in Thermal Engineering 8 (2016) 260-276

1. Packing slides 8. Settling chamber
2. Dilute solution tank 9. Heater

3. Strong solution tank 10. Cooling coil
4. Solution pump 11. Humidifier
7 5. Air blower 12. Humid air
6. Distributor plate 13. Demister
7. Insulation 14. Dry air
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Fig. 1. Dehumidification system: (a) schematic of experimental set-up and (b) photo of experimental set-up.

tank (2), strong solution tank (3), solution pump (4), air blower (5), distributor plate (6), settling chamber (8), electric heater
(9), cooling coil (10), and humidifier (11).

Photo of structural gauze packing slides, shown in Fig. 2, is placed inside the dehumidifier to enlarge the heat and mass
transfer area between the air and liquid desiccant. Fresh, unused lithium chloride was stored in a tank (3), and its tem-
perature was adjusted by circulating cold or warm water through a submerged stainless steel coil. The liquid desiccant
solution is withdrawn by pump (4) from this tank and sprayed from the top by a sprinkler to affect a falling film at the
surface of the slides structural packing wall and air is introduced into the dehumidifier from the left. The electric heater (9),
cooling coil (10) and humidifier (11) have been fixed at the place of air entrance for adjusting the conditions of inlet air.

The configuration of gauze packing slides is shown in Fig. 1a. It is porous and durable for repeated wetting and drying
and has very large pore surface for a given packing volume. To begin, the process air is fan driven (5) through the channel
where the moisture of the air is absorbed, and both the air and the liquid desiccant become warm due to the effect of the
mixing heat in the air dehumidification. The liquid desiccant solution becomes dilute at the same time and has to be
regenerated to maintain a dehumidification cycle.
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Fig. 2. Photo of gauze packing slides.

2.2. Measuring instruments

Operating parameters of desiccant and air were measured before and after the dehumidifier to investigate the perfor-
mance of dehumidifier. The measured desiccant parameters included flow rate, temperature and concentration. The tested
air parameters included flow rate, dry bulb temperature and humidity ratio. An orifice meter was used to measure the
desiccant flow rate. Then desiccant concentration could be found by the measured desiccant density and temperature based
on the physical property of the LiCl desiccant [24]. The temperatures were measured using PT100, and the temperature
readings were scanned and recorded by the data acquisition system (Agilent13970 A). A digital hot-wire anemometer was
used to measure velocity. The air humidity ratio was derived from the measured dry-bulb and wet-bulb temperatures, and
the pressure drop was measured by inclined differential manometer. The measurement devices and corresponding ac-
curacies are shown in Table 1.

3. Experimental conditions

Photo of gauze type structured packing is shown in Fig. 2, in which the cross flowing air and desiccant exchanged heat
and moisture. The system used slides channel structured packing with the specific surface area of 400 m?/m>. Its height,
length and width were 0.4 m, 1.0 m and 0.4 m, respectively. These slides are positioned vertically to form the air channels,
which will enhance the mass transfer process and reduce the pressure drop. The distance between the slides of gauze is
5 mm.

Different types of liquid desiccants are available in the market such as LiBr, CaCl,, etc. In most applications the general
properties requirements are low vapor pressure, the capability of maintaining dehydrating ability over a considerable range
of concentration, non-corrosive, low viscosity, high density, low crystallization point, low regeneration temperature, low
cost and safe. All requirements are not answered by any desiccant, but investigations found that LiCl is the most suitable one

Table 1
Specification of the different measuring devices.

Parameters Devices Accuracy Operational range
Air flow velocity Hot-wire anemometer +0.1m/s 0-10 m/s
Air dry bulb temperature PT100 +0.2°C 0-100 °C
Air wet bulb temperature PT100 +0.2°C 0-100 °C
Desiccant flow rate Orifice meter +2.5% Cd=0.63
Desiccant temperatures PT100 +0.2°C 0-100 °C
Desiccant density Specific gravity hydrometer +1 kg/m® 1000-1700 kg/m>
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Table 2
Inlet values of dehumidification condition.

Inlet parameters Unit Steady state inlet values
Air temperature °C 33
Air moisture glkg 18
Air flow rate kg/s 0.1
Desiccant temperature °C 25
Desiccant flow rate kg/s 0.2
Desiccant concentration % 38

as it has a lot of these properties. So, LiCl solution with lower surface vapor pressure was chosen to be used in the ex-
periment. Experiments have been conducted with the following parameters, shown in Table 2.

The system was run by the inlet value of parameters in Table 2 until it reached steady state, and then data measurement
were carried out while only one parameter was changed. When it is finished, the value of the parameter was restored to
initial value, and then similar operations were made with other parameters.

4. Theoretical model

The schematic of the cross-flow packed bed dehumidifier is shown in Fig. 3a, with the height, length and width of H, L
and W, respectively. Since the conditions of desiccant and air are uniform along the y direction in Fig. 3a, only their values
changes on the x-z plane are studied, as shown in Fig. 3b.

The steady state porous medium volume averaged conservation equations of mass, momentum, and air fraction, with
flow, heat, and mass transfer resistances, are written in the one dimensional system. This results in the following set of
equations:

1. Conservation of air mass fraction

dpgu
dx P J
du pg du pg
o 8, SRy
Peax Tlax T rax T Vdx M

2. Mass conservation equation for the vapor

dp u a
d‘)/( =—api(wg = we)=—7:“(/lv - pv,e) =G
X
7
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Fig. 3. Schematic of cross-flow packed bed dehumidifier: (a) three dimensional view and (b) sectional view.
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du  dp, du dp
v _¢ U 4 G
pvdx+udx ]pvdx udx+ 1

where:
om= mass transfer coefficient, kg/m? s

W,=air humidity ratio, gy.v/kgq.a
we=humidity ratio of air in equilibrium with liquid desiccant, gy.v/kgq.a

3. Momentum conservation equation for the air

5 d
d

=Gu + (pv + pg)ua=—a - 5t Gu

dpau2 =_d_p _ Cpauz
dx dx 2

where
€ pressure drop coefficient per meter in flow direction, 1/m

du_ dp /Jau2
(4=~ 5
4, Equation of state
The air and vapor is assumed to behave as a perfect gas.

P=p,R, T, + p,R,T, = Ta(pgRg + pVRv)

_dp dT, dp, dp
o= (R + R )2+ T[Rgdx +R Y

dp, d
_c2+c3d +c4d’;v

where:

G = (Ryp, + Rp,)

du dp, dp, pU
(r+ 1 Juge=G = Ggy = gy~

265

@
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d d ,dp, dp, d
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(-’ +C
o Aareg)
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-(-Gu+G+G)
Cg = 2—
(—u + C4)
dp dp, dp dp
d—):_cs[csd +C7]+C9—C8C6d +C8C7+C9—C10d +Gy
dp, dp, G
1-Go) 2t =Gy X =L =
(1-Go) dx T dx 1-Go 12 7
where:
Go=GCGs

Gi1=GG+G

from Egs. (6) and (7)
dp,
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Egs. (1) and (8) are combined to obtain:

du -u
=G
dx  p, €)

An energy balance on the air and liquid desiccant gives:

df, _ -aa(T,-T) _ -aa(T, - T)

dx — mCH — puC,, (10)
dT; A
TZS = mst,sH[OL - CP,sTs)am(ma —we) + a(’IZJ - Ts)] an
The heat and mass transfer coefficient between the air and the desiccant solution was given as follows [25]:
For laminar flow:
1/3
D
Nu=1. 86(RePr)”3(ﬂ]
L 12
b _ _AWH. _ 2WH,
O 2AW o+ H) W+ H 13)
. Nuk,
Deq (14)
Le=—2
amcp,a (15)
Boundary conditions are required to obtain the solutions of the above equations.
Pe = Pgir Py = Pyp U= I,=T,; at X=0T; = T;;, m; = m,; at Z=0 (16)

Eqgs. (7)-(11) were solved numerically by fourth order Runge Kutta method using Fortran program. With known inlet air
and desiccant parameters, solving the equations gives the air outlet parameters.

Vapor pressure is an important property which determines the air humidity ratio in equilibrium with the desiccant at the
interface. In this study, a second order polynomial was used and the coefficients were obtained from a curve fit using data
from [26]:

P,= (ao +aT, + aszz) + (b, + byTy + szf)X +(c+ 0Ty + oT)X° a7

where the constants are given for the dehumidification process as:

a, a az
4.58208 —0.159174 0.0072594
bo b, b,
—18.3816 0.5661 —0.019314
Co G c

21.312 —0.666 0.01332

5. Heat and mass transfer performance and efficiency analysis

The mass transfer performance of the dehumidifier was evaluated in terms of the humidity reduction [27-29] and the
dehumidifier effectiveness [29]. The humidity reduction, Aw,, was calculated by Eq. (18). The dehumidifier effectiveness, €,
is the ratio of the measured humidity ratio difference of the air passing through the dehumidifier to its ideal conditions
variation, as given by Eq. (19). Validation of the experimental work with modeling is conducted upon the parameters
affecting the dehumidification processes.

Awy = @g; — Wy (18)

Wg,i = WDg,o

Wgj — We i 19

€m
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Fig. 4. Influence of inlet liquid to air flow ratio on humidity reduction.

5.1. Experimental results

5.1.1. Optimum liquid desiccant to air flow rate ratio

To decrease the pumping cost of Liquid desiccant and air through the dehumidifier, the optimum liquid desiccant to air
flow ratio with respect to moisture removal must be determined.

Fig. 4, shows the measured humidity reduction through the dehumidifier, Aw,, during the tests against the liquid de-
siccant to air flow ratio. Fig. 4 shows that the humidity reduction increases significantly with the liquid to air flow rate ratio
until it reaches 2.0. When the ratio exceeds 2.0, the gain in humidity reduction is negligible. The figure also shows that, at
any value of liquid to air mass flow rate ratio, the humidity reduction decreases linearly with increasing the air flow rate.
This figure shows that for packed section with 1 m long, the optimum flow ratio is 2.0.

5.2. Validation of the experimental work with modeling

Six inlet parameters of the air and desiccant, including desiccant and air flow rates, desiccant and air temperature,
desiccant concentration and air humidity ratio, surely influence the dehumidifier performance. The effect of each parameter
is analyzed as follows.

5.2.1. Effect of inlet desiccant flow rate on the performance

The increase of the liquid flow rate resulted in an increase in humidity ratio reduction and humidity effectiveness, as
shown in Fig. 5a and b with L=1.0 m and L=0.5 m, respectively. The effect can be explained as follows. With the desiccant
flow rate increasing, the variation of the desiccant concentration and temperature through the dehumidifier decreased. As a
result, increasing the desiccant flow rate decreased the variation of the surface vapor pressure of the desiccant through the
dehumidifier and, hence, increased the average water vapor pressure difference between the desiccant and air in the de-
humidifier. Based on the above three aspects, increasing the desiccant flow rate increased the humidity reduction and the
dehumidifier effectiveness. From Fig. 5a and b, it is notable that increasing the length of the packing slides from L=0.5 m to
L=1.0 m enhanced the humidity reduction and dehumidifier effectiveness about 1.29 times. Fig. 5b shows that the differ-
ence in humidity effectiveness between the current work and Gao and Liu [12] at lower desiccant flow rate may return to
the reason that the packing material used in the current work has a wettability better than Gao and Liu.

5.2.2. Effect of inlet desiccant concentration on the performance

Fig. 6a with L=1.0 m and Fig. 6b with L=0.5 m show the effect of inlet desiccant concentration on the dehumidifier perfor-
mance. As shown in the figures, the humidity reduction increased remarkably with increasing inlet desiccant concentration,
whereas a slight increase was observed in the humidity effectiveness with it. The reason may be as follows. Increasing the inlet
desiccant concentration decreased the desiccant surface vapor pressure and, so, increased the average water vapor pressure dif-
ference between the desiccant and air in the dehumidifier, leading to lower air outlet humidity ratio and, hence, higher humidity
reduction. Both w.; and m,, in Eq. (19) decreased with increasing inlet desiccant concentration. They offset each other, resulting in
slight effect on the dehumidifier effectiveness. From Fig. 6a and b, it is clear that increasing the length of gauze packing slides from
L=0.5 m to L=1.0 m increased the humidity reduction and dehumidifier effectiveness about 28%. Fig. 6b shows also that a good
agreement was observed with Gao and Liu [12] relating to the dehumidifier effectiveness at L=0.5 m.
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Fig. 5. Influence of inlet desiccant flow rate on humidity reduction and dehumidifier effectiveness: (a) L=1.0 m and (b) L=0.5 m.

5.2.3. Effect of inlet desiccant temperature on the performance

The effect of inlet desiccant temperature on the humidity reduction and dehumidifier effectiveness is shown in Fig. 7a
and b. As indicated by the figures, the humidity reduction decreased significantly, whereas the humidity effectiveness is
affected slightly with increasing inlet desiccant temperature. This may be explained as follows. Increasing the desiccant
temperature increased the surface vapor pressure of the desiccant and, so, decreased the average water vapor pressure
difference between the air and desiccant in the dehumidifier, which led to higher air outlet humidity ratio and, hence, lower
moisture removal rate. As for humidity effectiveness, increasing the inlet desiccant temperature increased both ®.; and ®,,
Eq. (19). As a result of the offsetting effects, the dehumidifier effectiveness finally affected slightly with the inlet desiccant
temperature increasing. As shown in Fig. 7a and b, increasing the length of the structural packing from L=0.5 m to L=1.0 m
enhanced the humidity reduction and dehumidifier effectiveness about 1.36 times.

5.2.4. Effect of inlet air flow rate on the performance

The effect of air flow rate on the humidity reduction and humidity effectiveness is shown in Fig. 8a with L=1.0 m and
Fig. 8b with L=0.5 m. As indicated by the figures, the humidity reduction and dehumidifier effectiveness decreased with
increasing air flow rate. Egs. (18) and (19) indicated that humidity reduction and effectiveness decreased with increasing the
outlet air humidity ratio. When the air flow rate increased, the outlet air humidity ratio increased, due to the reduced
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Fig. 6. Influence of inlet desiccant concentration on humidity reduction and dehumidifier effectiveness: (a) L=1.0 m and (b) L=0.5 m.

residence time for the air in the dehumidifier. This is in good agreement with Gao and Liu [12], as shown in Fig. 8b. The
figures show also that increasing the length of structural gauze packing slides from L=0.5m to L=1.0 m increased the
humidity reduction and dehumidifier effectiveness about 44%.

5.2.5. Effect of inlet air humidity ratio on the performance

Fig. 9a and b shows the effect of the inlet air humidity ratio on the dehumidifier mass transfer performance. It is clear
that the humidity reduction increases with the inlet air humidity ratio increasing, whereas the dehumidifier effectiveness
slightly increases with it, especially at the high humidity ratio. The effect on the humidity reduction was caused by the
increased average water vapor pressure difference between the air and the desiccant with increasing inlet air humidity ratio.
The effect on the dehumidifier effectiveness lay in increasing the inlet air humidity ratio. As shown in Fig. 9a and b, in-
creasing the length of the packing slides from L=0.5 m to L=1.0 m enhanced the humidity reduction and dehumidifier
effectiveness about 1.29 times.

5.2.6. Effect of inlet air temperature on the performance

The effect of inlet air temperature on the dehumidifier performance is shown in Fig. 10a and b. The humidity reduction
and dehumidifier effectiveness were almost weak affected by the inlet air temperature. The heat capacity of the liquid
desiccant is much higher than the heat capacity of the air. So, increasing the inlet air temperature affected slightly the liquid
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Fig. 7. Influence of inlet desiccant temperature on humidity reduction and dehumidifier effectiveness: (a) L=1.0 m and (b) L=0.5 m.

desiccant temperature. In turn, the average water vapor pressure difference between air and desiccant can be neglected in
the dehumidifier. On the other hand, increasing the length of the gauze packing slides from L=0.5 m to L=1.0 m enhanced
the humidity reduction and dehumidifier effectiveness about 34%, as shown in the figures.

Many previous studies investigating the packed bed dehumidifier defined NTU as:

NTU = 2
mll
As indicated by the equation NTU is the function of mass transfer coefficient o, total mass transfer area A and air flow

rate m,.
The overall mass transfer area A, when the packing is fully wet, can be expressed as:

A=aV

where, a is the specific area of packing per volume, and V is the volume of the packing material in the dehumidifier.
In present paper NTU is constant at value of 4.2 in Figs. 5, 6, 7, 9 and 10 with a constant air flow rate at 0.1 kg/s while, in

Fig. 8, NTU ranges from 3.3 to 4.9.
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Fig. 8. Influence of inlet air flow rate on humidity reduction and dehumidifier effectiveness: (a) L=1.0 m and (b) L=0.5 m.

5.3. Energy and mass balance for verification the experimental results

The driving force for the mass transfer is the difference between the air vapor pressure and the equilibrium vapor
pressure. The equilibrium vapor pressure increases with higher temperature. Hence, the mass transfer rate depends on
temperature. Because of the involved heat of sorption, the heat transfer depends on the latent load of the mass transfer. Heat
and mass transfer are therefore coupled. For a perfect experimental set up, the water vapor loss from the moist air is
absorbed by the liquid desiccant in the dehumidifier. At the present experimental work, the liquid desiccant absorb water
vapor about 4.5% more than what lost from the moist air at the following inlet conditions; air flow rate 0.1 kg/s, air tem-
perature 33 °C, air humidity ratio 18 g/kg, desiccant flow rate 0.2 kg/s, desiccant temperature 25 °C and desiccant con-
centration 38%. This is due to some leakage of water vapor from the ambient air. Accordingly, the experimental energy loss
between the desiccant and air is 8.2%.

5.4. Comparison of current results with those reported in the literature

The effects of the six inlet parameters on the humidity reduction and the dehumidifier effectiveness of the present study
and experimental results reported in the literature are summarized in Table 3. The following observations can be made from
Table 3:
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Fig. 9. Influence of inlet air humidity ratio on humidity reduction and dehumidifier effectiveness: (a) L=1.0 m and (b) L=0.5 m.

1. Lower mg;/m,; ratios are preferred to reduce carryover. Some designs such as packed towers with random packing,
inherently require high mg;/m,; ratios.

2. There is a good agreement between the dehumidification effectiveness of the present study and those of studies using
LiCl. The dehumidification effectiveness for these studies [12,26,30] lies in the range 0.3-0.9, and the present study lies in
the range 0.69-0.87.

3. Maximum humidity reduction of air has been reported to be 18 g/kg, depending on initial humidity ratio of the air, the
dehumidifier characteristics and the inlet vapor pressure of the desiccant, while in the present study the humidity re-
duction is 16.4 g/kg.

4, The pressure drop (Pa/m) in the dehumidifier has been reported to be as the following, Elsarrag et al. [31] (35-140), Longo
and Gasparella [30] (25-45), Oberg and Goswami [32] (30-210), Liu and Jiang [33] (115-300) and Gao and Liu [12] (105-
195) while in this study (8-35). The slides arrangement of packing used in this study produced low pressure drop ranging
compared to the experimental pressure drop of selected dehumidifiers from the literature.

6. Conclusion

This paper theoretically and experimentally studies the mass transfer process between the air and the desiccant when
they cross flow through channel gauze structured packing dehumidifier. Humidity reduction and dehumidifier effectiveness
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were used as the performance indices of the mass transfer process. Generally, inlet parameters have the same trends in
affecting the performance of the present dehumidifier and the experimental results reported in the literature. The main
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conclusions that can be derived from this study can be summarized as follows:

1

In experimental investigation, it was found that the performance parameters did not show any dependency on the liquid

flow rate when liquid to air flow rate ratios (ms;/m,;) is equal or greater than 2.0. The effect of the specific area of packing

per volume on the humidity reduction is extremely high while its effect on the pressure drop is affected slightly.

. Increasing the length of packing from 0.5 m to 1.0 m enhanced the humidity reduction and dehumidifier effectiveness
about 1.33 times.

. Using structured packing arranged as straight sheets produced significantly low pressure drop compared to the ex-

perimental pressure drop of selected dehumidifiers from the literature, in turn, more energy saving in air stream.




Table 3

Experimental performance of liquid desiccant dehumidifiers.

Source of data Desiccant Air Mg i/M,; €m Pressure drop, AP (Pa/m) Remarks
Type Ty (°C) Xsi (%) Tai (°C) o1 (g/kg) Ao, (g/kg)
Pietruschka et al. [34] LiCl 27 43 26 11.6 4.2 0.46 SP, cross flow
Elsarrag et al. [31] TEG 29-35 92 17-26 5.5 toll 19-23 0.45-0.85 35-140 SP, CF
Fumo and Goswami [26] LiCl 30.1 34.6 301 18.0 7.6 6.88 0.75-0.84 RP, CF, 210 m?/m>
30 343 30.2 18.1 7.3 4,04
30.5 344 40.1 18.0 6.5 531
30.1 339 30.3 14.2 3.9 517
Longo and Gasparella [30]  LiCl 23.4-24 39.2-40.6  24.3-376 7.3-233 2-17 0.23-2.6 0.3-0.9 25-45 RP, CF
LiBr 23.7 51.9-53.9 23.6-36.7 8.2-22.8 3-18 0.35-3.0 0.3-0.9
KCOOH  21.9-24.8 72.8-74 22.6-35.8  8.8-20.7 2-13.5 0.2-2.5 0.3-0.9
Oberg and Goswami [32] TEG 24-36 94-96 24-36 11-23 8.5 to10 4.5-11.0 0.8-0.9 30-210 RP, CF
Abdul-Wahab et al. [35] TEG 28-45 93-98 25.4-44 0.1 to 0.24 0.06-2.07 0.1-0.7 SP of wood, CF,77-200 m?/m>
31 95.6 31 0.15 to 0.2 0.11 0.16-0.4
Liu and Jiang [33] LiBr 20.1-29.5  42.6-548  24.7-339 10-21 1.0-2.13 0.38-0.68 115-300 SP, cross flow, 396 m?/m?
Gao and Liu [12] LiCl 22-50 32-40 27-38 9.3-213 1.25-3.25 0.41-0.75 105-195 SP, cross flow, 396 m?/m>
Present study LiCl 25-45 32-40 28-44 9-24 1.4-164 0.63-3.75 0.69-0.87 8-35 SP, cross flow, 400 m%/m>

RP, random packing; SP, structured packing; CF, counter flow.
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