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Abstract: Demands of standalone dehumidification systems have been increasing in order to realize
energy savings in air-conditioning processes. In a desiccant dehumidification system, the water vapor
from the moist air undergoes a phase change phenomenon, this being from vapor to adsorbed phase,
a process analogous to latent heat exchange. The energy exchange involved in such a process is often
significant—up to 80% of the total energy exchange. In this study, the influence of the phase change
phenomena involved in a desiccant dehumidification system was evaluated experimentally, along with
the performance investigation under low desorption air temperatures of 308, 318, 328, 338, and 345 K.
The system was driven by a constant adsorption temperature of 293 K. The dehumidification ability,
latent heat ratio, and latent effectiveness were employed as key performance indexes. The results
showed that with the increased desorption temperature, the latent heat ratio decreased, whereas
the dehumidification ability and latent effectiveness increased. The highest latent heat ratio was
found to be 0.61 at the desorption temperature of 308 K, whereas the highest latent effectiveness was
obtained at the desorption temperature of 345 K. A suitable temperature for the effective and efficient
dehumidification was observed to be 318 K for the current system.
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1. Introduction

Consideration of reducing energy consumption to drive an air conditioning system for heating [1,2],
cooling [3,4], humidification [5,6], and dehumidification [7-9] has gained the attraction of developing
an effective system that consumes less energy. For most cases, in hot and humid areas, around 20%—40%
of total energy is dominated by air conditioning systems [10]. High energy is required for achieving the
cooling and dehumidification load. However, a significant amount of this energy can be reduced by
coupling the air conditioning system with alternative energy resources involving solar energy [11,12],
wind energy [13,14], and waste heat from industrial processes [15,16]. Additionally, other than using
the hybrid or coupling system, the separation of the sensible and latent load can also reduce the
power inputs within the system [17]. Therefore, the current study offers an attempt in desiccant
dehumidification system utilization, which could be able to handle the latent heat load individually to
minimize the energy consumption by the air conditioning system. This system is expected to be used
in hot and humid regions when the demand for dehumidification load is dominant.

The main issue when using the desiccant system is poor performance due to improper parameter
design. Three main factors can determine the performance of the desiccant system: (1) adsorbent/
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adsorbate pairs [18-20], (2) properties of the working fluid [21,22], and (3) design and operating
conditions of the system [23,24]. The proper combination of these three parameters is expected to
improve the performance of the system. It was also found that several efforts have been made by
researchers to achieve this goal. The development of the desiccant dehumidification system that is
driven by solar energy was implemented by Lu et al. [25]. Employing solar energy ensures not only the
feasibility but also the achievement of the efficiency of the system. A novel desiccant air-conditioning
system, which was coupled with the needle-impeller rotors, was modeled by Oliveira et al. [26]. Unlike
the existing desiccant system, the additional needle-impeller rotor was supposed to improve the heat
and mass transfer between the absorber and evaporator.

Kanoglu et al. [27] presented an evaluation of the performance of the desiccant cooling system
under different ambient temperatures and relative humidity. Adjusting ambient temperature and
relative humidity affected the coefficient of performance (COP) and cooling load of the system.
The performance decreases when the temperature and relative humidity is increased. Somehow
it will approach a zero value when the temperature and moisture become higher. Jeong et al. [28]
numerically investigated the performance of the desiccant dehumidification systems driven by a
low-grade heat source. The study was aimed to determine the minimum heat source temperature to
drive the system. They found that the lowest regeneration temperature of 306 K was able to drive
the system. Panaras et al. [29] proposed design parameters and their effect on the performance of
a solid desiccant air conditioning system. The ambient and load conditions were investigated and
modeled under steady-state conditions, whereas the result validation was based on the experimental
data. The critical parameter for designing the desiccant air conditioning system was the air flow rate
and regeneration temperature. The proper mass flow rate and regeneration air temperature not only
were downsized the desiccant sysmtem, but efficient thermal energy use was also given. Ge et al. [30]
analyzed the performance of the silica gel rotary desiccant-wheel by considering the influence of
the regeneration temperature. As they developed the system for a dehumidifier, the performance
was evaluated regarding the removal efficiency and dehumidification capacity. They found that
increasing the regeneration temperature offers the increment of removal efficiency. Additionally, they
also stated that the humidity ratio significantly influences the dehumidification capacity. Lee et al. [31]
found an energy reduction of 26.3% when using the solid desiccant for the mobile air conditioning
system. The system was the hybrid system, which was a combination of the solid desiccant and vapor
compression cycle. The presence of a desiccant system was able to split up the latent heat load from
the sensible heat. Hence, the compressor power consumption reduced because of the increase of the
evaporating temperature.

The above review shows that the desiccant system is promising for air conditioners; therefore,
evaluating their performance would be equally important as understanding the parameter design.
Because the current study focused on the desiccant dehumidification system, the latent heat became the
primary consideration in performing the performance evaluation. In the adsorption/desorption process,
latent heat can be defined as the heat transfer, which occurs during the phase change [32]. Only a few
studies provide the effect of the latent heat on the performance of the desiccant system. This reason,
therefore, gained our motivation to propose a study on the latent heat effect. Additionally, the
consideration of the desorption temperature adjustment was also provided in this study. It is
widely known that the increase of desorption temperature would give more dehumidification
capacity [30,33,34]. However, low desorption temperature [28,35] is preferable to reduce the power
consumption. It is worth considering the low desorption temperature; even so, it is still unclear
whether this temperature will contribute to a significant effect on the performance of the system given
the energy-saving and moisture removal ability we have discussed. From these issues, our objective is
to determine the impact of the desorption air temperature and latent heat on the performance and
dehumidification ability of the desiccant dehumidification system. The experiment was conducted by
employing low-temperature desorption (lower than 343 K), which also reflected the low-grade energy.
A recommendation for such a system was also proposed to obtain an effective and efficient operation.
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2. Materials and Methods

2.1. Experimental Section

Figure 1a,b show the photograph and schematic diagram of the desiccant dehumidification system,
respectively. It consisted of three main parts: desiccant block, air supply unit, and measurement

system. Additionally, Figure 1c portrays the structure of the polymer desiccant block.
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Figure 1. (a) The photograph [9]; (b) schematic diagram of the desiccant dehumidification system;
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Detailed information about the properties of the desiccant block material is provided in Table 1.

Table 1. Parameters of polymer honeycomb desiccant structure [9].

Parameter Symbol Value Unit
Width w 0.2 m
Length L 0.2 m
Height H 0.2 m
Thickness of sorbent 0 3x1074 m
Channel height (air layer) h 1.7 x 1073 m
Fin spacing 14 3.6 x 1073 m
Heat of adsorption AH 2500 KJ/kg
Density b 1500 kg/m3
Specific heat capacity of the bed Cpb 805 kJ/kg-K
Thermal conductivity of sorbent ky 0.33 W/m-K
Porosity ¢ 0.9 -
Radius of the adsorbent particle r 1.29 x 107° m

The structure of the polymer desiccant block, as shown in Figure 1c, was a sinusoidal face area.
It was intended to improve the surface contact between the adsorbent and adsorbate; hence, it could
enhance the heat and mass transfer inside the system. Eight desiccant blocks were packed into the
cubical shape, two columns and rows for each run of the experiment. The dimension that is provided
in Table 1 revealed that the cross-sectional area of the desiccant blocks was found to be 0.16 m?.

As shown in Figure 1a, the entering process of air for adsorption and desorption processes was
controlled by two different air supply units, which had an accuracy of T=+0.05-1°Cand T=+0.5°C
and RH = + 2% for adsorption and desorption, respectively. Each unit worked alternately by adjusting
the allocation time for each process. The desorption and adsorption times were maintained at 60 min
and 120 min, respectively. The mass flow rate of the system was determined by the pressure difference
obtained by 0.08 m orifice diameter. Pressure transmitter, with P = 0.35 Pa + 0.6% of full-scale precision,
displayed the pressure difference measured by the orifice meter. The air supply units could provide a
maximum temperature of 328 K and relative humidity of 85%. Therefore, when the system required
high desorption temperature, the flat plate heat exchanger can be used to increase the temperature.
The humidity and temperature transmitters, HMT 333, which had an accuracy of T = + 0.2-0.3 °C
and RH = + 1%-1.7%, were equipped within the system for humidity and temperature control at the
inlet and outlet of process air. Red arrows in Figure 1la indicate the process of air flow. For better
understanding, the schematic diagram of the system was added in Figure 1b. The separation between
the adsorption and desorption sides was divided by using the air regulator. The installment of the
temperature and humidity sensors were placed just before and after the desiccant block.

To determine the performance of the system, five different desorption temperatures; 308, 318,
328, 338, and 345 K were selected as the operating parameters. During the running of the system,
the adsorption temperature and mass flow rate did not change from the value of 293 K and 0.1 m/s,
respectively. Additionally, the experimental setup was installed inside the humidity chamber.
It permitted the setting of the temperature and humidity ratio for process air inside the system.
The environmental conditions were adjusted under 298 K and 65% for temperature and relative
humidity, respectively. The adsorption and desorption processes worked continuously during the
experiment. Once the process of adsorption and desorption finished, this was considered as one cycle.
For all cases, it allocated 60 min for desorption and 120 min for adsorption. Table 2 summarizes the
operating parameters of the experimental conditions.
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Table 2. Experimental conditions of the desiccant dehumidification system. Tj,: Temperature inlet, Xj,;:

Humidity ratio inlet, RH;,,: Relative humidity inlet, U,: air velocity, Re: Reynolds number.

Parameters
Process
T;,, K) X;, (g/kg) RH;, (%) U, (m/s) Re
308 12.2 35.23 0.16 447.6
318 115 20.19 0.16 526.6
Desorption 328 13.7 15.5 0.16 593.7
338 13.8 9.10 0.15 701.9
345 135 6.63 0.15 712.7
Adsorption 293 9.2 60.25 0.16 304.4
The Reynolds number (Re) was calculated by
u,D,
Re — Pallgly
U

)

where p;, U, Dy, and u represent the density (kg/m3), velocity (m/s), hydraulic diameter (m), and

dynamic viscosity of the air (kg/m.s), respectively.

Figure 2 draws the psychrometric chart of the current experimental point. Points 1 and 2 denote
the inlet and outlet conditions of the adsorption process, respectively. Desorption inlet and outlet
states are represented by spots 3 and 4, respectively.
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Figure 2. Psychrometric chart of the current experimental point. Tdes: desorption temperatures.

Overall, the working principle of the desiccant dehumidification system was as follows:
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(1) Firstly, the desiccant material was heated by the hot air, which was provided by the air supply
unit for the desorption phase. This process allowed the water vapor molecules, which were
trapped in the desiccant material, to evaporate. Therefore, the desiccant material was regenerated
and recovered the ability of moisture adsorption.

(2) When the desiccant material reached the equilibrium, the process was switched into the adsorption
process by using the air regulator. The desiccant material adsorbed the water vapor molecules.
At the same time, in the interface of the desiccant material, the heat of adsorption was released.

(3) Lastly, the process was repeated for three up to four cycles to obtain adequate data.
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2.2. Data Reduction Equations

Data on the temperature inlet-outlet, relative humidity inlet-outlet, and the pressure difference
between the inlet and outlet of the air stream were essential to determine the performance indices of
the desiccant dehumidification system. Collecting of the data during the experiment was performed
by data logger DAQMASTER: MX 100 (accuracy = +£0.01%), which recorded the data for every 10 s.
Because we had four cycles of data, the last cycle data was applied to evaluate and analyze the results.
The following terms assessed the performance indices of the system:

2.2.1. Dehumidification Index

The characterization of the dehumidification system was examined by calculating the
dehumidification index for adsorption and desorption process. To characterize the dehumidification
index, firstly the calculation of adsorption and desorption amount of the desiccant was examined.
The amount was defined as the water content removal that can be considered as the difference between
the humidity ratio inlet and humidity ratio outlet. The following expressions can calculate the water
content removal for each process:

Apgs = Xads,in — Xads,out, for adsorption 2)

Ages = Xdesin — Xdesout, for desorption 3)

where d is the moisture removal capacity (kg/kg), Xj, is the humidity ratio of the inlet air (kg/kg), and
Xout is the humidity ratio of the outlet air (kg/kg), whereas ads and des indicate the adsorption and
desorption processes. In the case of the desorption process, because the hot air brought about water
vapor during the running of the system, the outlet humidity was thus higher than in the inlet, and the
moisture removal became negative.

During the adsorption process, the average dehumidification index (D;) was defined as:

t

1
Di= 1 [ duit @

0

where t is the dehumidification time (s).

2.2.2. The Effect of Latent Heat on the Performance

The primary importance of the desiccant dehumidification system is its capability to reduce
the moisture content of the humid air. Taking into account the handling of the moisture content,
the performances were evaluated regarding the latent heat ratio and latent effectiveness. The latent

effectiveness (¢) was obtained as:

. Xads,in - Xﬂds,out

€= ®)

Xads,in - Xideal

where Xz, is the ideal humidity ratio that is calculated by considering the isenthalpic line of the
humidity ratio inlet of the adsorption process under the constant’s relative humidity of the regeneration
inlet conditions (kg/kg). If the water content was dehumidified completely, the ideal humidity ratio
would reach the zero value. This value can be considered for the optimization of the desiccant
dehumidification system [36]. The differences between the humidity ratio inlet of the adsorption
process and ideal humidity ratio were referred to as the maximum dehumidification capacity of
the system.

The performance of the desiccant dehumidification system, which showed the energy amount,
was evaluated by using the latent heat ratio (LHR). LHR can be described as the ratio of the latent
heat to the total energy (latent and sensible heat) required by the system [37]. It was given by the
following equation:
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Qlat

LHR :m (6)
Latent heat (Qj,;) was given by
Quat = Quds = dads May = 1 (hin — hour) ?)
and Sensible heat (Qse;) was given by
Qsen = Qtes = tta ¢p (Taes,in — Taesout) ®)

where Qy;; is the latent heat (W), Qs is the sensible heat (W), Q.45 is the average of enthalpy exchange
in the adsorption process (W), Qg is the average of heat exchange in the desorption process (W), 11, is
the air mass flow rate (kg/s), y is latent heat of vaporization (k]J/s), ¢, is specific heat of the air at bulk
temperature (kJ/kg-K), Ty ir is air inlet temperature of the desorption process (K), and T s o, is the air
outlet temperature of the desorption process (K).

2.2.3. Uncertainty Analysis

The calculation of the uncertainty analysis was based on the statistical methods (standard
deviation) introduced by Kirkup and Frenkel, 2006 [38]. The representative values of uncertainty
analysis included the individual uncertainties of the measured values.

Uncertainty of Humidity Ratio (X)

The humidity ratio was given by

RH.P;

X= 0.62198m )
The uncertainty analysis was expressed as
IX \ Ix\’ IX \’
20y — 2 ox) 2 oX) 2
u”(X) = (8RH) u“(RH) + (8P) u(P) + (QPS) u”(Ps) (10)

where RH is the relative humidity of the air, P is the atmospheric pressure, and Ps is the saturation
water vapor pressure.

Uncertainty of Dehumidification Index (D;)

The dehumidification index was calculated by Equations (2) and (3). Therefore, the uncertainty
analysis for the dehumidification index was

oD; \? oD; \
2 N i 2 . i 2
u (Dl) - (axzn) u (Xﬂ‘l) + (aXOut) u (XOllt) (11)

Uncertainty of Latent Effectiveness (&)
The latent effectiveness uncertainty evaluation, based on the parameters in Equation (5),
was calculated as

g\ de 2 de \
2 2 . 2(x 2(x.
u (S) = (aXads, in) u (Xads, m) (axads, out) u ( ads, out) (axideal) u ( wleal) (12)

Uncertainty of Latent Heat Ratio (LHR)
For latent heat ratio, rearranging Equations (6)—(8) formed

Qlat
LHR =———— 13
Qlut+Qsen ( )
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ma (hin _hout)

= , (14)
MMy (hin _hout) + macp<Tdes,in_Tdes,out)
_ (hin_hout) (15)
(hin —hout ) +Cp (Tdes,in _Tdes,out)
The uncertainty of LHR was
2 2 2
W2 (LHR) =( B2 ) + (L) o) + (42 () )
2 2
+(géii) uz(Tdes,in) + (aaTﬁZit) uz(Tdes,out)
Uncertainty of Reynolds number (Re)
Reynolds number uncertainty was given as
2 2 2 2
dRe dRe dRe dRe
2 2 2 2 2
Re) =|— D - 17
(Re) = (o) o)+ G5 ) + 35 a2 0m + (5] e a7

Table 3 collects the uncertainty values for the humidity ratio, Reynolds number (Re),
dehumidification index, latent effectiveness, and latent heat ratio.

Table 3. Uncertainty analysis.

Parameter Symbol Value
Humidity ratio X 2.37%
Dehumidification index D; 4.61%
Latent effectiveness € 4.8%
Latent heat ratio LHR 5.31%
Reynolds number Re 3.72%

3. Results and Discussion

3.1. Influence of Desorption Temperature on the Water Content Removal

The effect of the adjusted adsorption temperature of 308, 318, 328, 338, and 345 K on the water
content removal is shown in Figure 3. The recent experiment revealed that the water content removal
(adsorption/desorption amount) increased with increasing of desorption air temperature. The ability
of air to hold the water vapor improves as its temperature increases [39]. Consequently, as proven
by Equations (2) and (3), the humidity ratio of the outlet air rose, resulting in higher differences
between the humidity ratio between the inlet and outlet. Further, the water content removal during the
adsorption/desorption processes tended to increase. Figure 3 also implies that the rate of adsorption
and desorption decreased with the increase of time. In the desorption process, the water content
removal increased rapidly, then decreased when the saturation pressure of the process air and the
surface of the material became equilibrium. The reason behind this behavior was that at the beginning
of the desorption process, the desiccant material was cooled, and the humidity content was high.
Introducing hot and dry airstream into the cool desiccant material revealed high moisture adsorption
in the beginning up to a particular time. After that, the gradient of moisture adsorption changed its
direction, which indicated the conditions nearly reached saturaturation. For the case of adsorption,
the behavior was slightly different from that of the desorption phase. At the beginning of the process,
the water content removal was quite high, then gradually decreased and became steady. For all cases,
the adsorption process finished in a similar point because the adsorption temperature and switching
time remained unchanged during the process.
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Figure 3. Water content removal during adsorption/desorption processes for different

desorption temperatures.

There was a different behavior observed on the desorption side when the temperature increased
to the values of 338 and 345 K, as indicates in Figure 3. At a high desorption temperature of more
than 338 K, the desorption phase was completed earlier than the other variation. This behavior was
caused by the water-vapor sorption kinetics properties of the polymer adsorbent. At high desorption
temperature, the water vapor sorption kinetics is high [40], leading to a decrease in the time required
for the desorption phase. It implies that the desorption rate at a high temperature is faster, as compared
to the low temperature. Additionally, the behavior of the rate of adsorption material, when exposed to
high temperatures, can be explained by the mechanism of water vapor adsorbed into the polymer.
It followed the Arrhenius equation, where the adsorption rate is dependent on temperature and
activation energy. In high desorption temperatures, the molecular motions are easier; therefore, they
show rapid uptake as compared to the low desorption temperature [41]. The high temperature leads to
the quicker release of water vapor. The results show that the values of adsorption/desorption amount
increased from 5, 5.4, 5.8, 7.4, and 7.9 g/kg, respectively, for desorption temperatures (Tdes) of 308, 318,
328, 338, and 345 K.

3.2. Influence of Desorption Temperature on Dehumidification Index

Figure 4 shows the variation of the dehumidification index under different desorption temperatures.
It suggests that in enhancing the desorption temperature, the average dehumidification index has a
tendency to increase, mainly due to the effect of the humidity ratio [30]. The important key of the
dehumidification process is the rate of the water vapor adsorbed, which is a function of the mass
transfer. This mass transfer is driven by the partial pressure of water vapor and its saturation pressure.
High vapor pressure at the elevated temperature guiding to more mass transfer occurs. Accordingly,
the high moisture content in the air provides a high driving force for moisture transport; hence,
it increases the dehumidification index. When increasing desorption temperatures from 308, 318, 238,
338, and 345 K, the average dehumidification indexes increased from 1, 3, 5, 6, and 6.8 g/kg, respectively.
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Figure 4. The influence of the desorption temperature on the dehumidification index.

3.3. The Effect of Latent Heat on the Performance of the System

The latent heat effect into the performance of the system was assessed on the basis of the latent
heat effectiveness and latent heat ratio (LHR). Figure 5 shows the impact of the latent heat on the
performance of the system under different desorption temperatures.
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Figure 5. Latent heat effect on the performance of the system under various desorption temperatures.

The latent heat ratio and effectiveness showed different characteristics towards the variation of
desorption temperatures. It was shown that the increase of desorption temperature reduced the latent
heat ratio; contrarily, it increased the latent heat effectiveness. The increment of latent heat effectiveness
due to the increase of the desorption temperature is also consistent with the results found in the existing
literature [42]. In association with the average dehumidification index in Figure 4, particularly on
high temperature, the desiccant dehumidification systems could provide a large difference of water
vapor adsorption between the adsorption and desorption processes. However, to achieve a high
temperature, a high amount of energy input was required. Energy input was employed to reach a high
desorption temperature to heat the polymer. Thus, the polymer became dry and could adsorb more
moisture for the dehumidification process. Energy consumption to achieve a high temperature directly
influenced the total heat required for the desiccant dehumidification system. Increasing the desorption
temperature guided the increase of sensible heat, therefore reducing the latent heat ratio. For the case
of latent effectiveness, at high desorption temperature, the sorption capacity was higher because the
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humidity of the hot air is lower. Thus, enhancing the moisture uptake was followed by increasing
the latent effectiveness. On the basis of the results, we found that if we considered energy saving, the
desorption temperature should be low in order to achieve high performance of the system. In contrast,
if attention was given to the moisture removal ability, the high desorption temperature was necessary.

However, Figure 5 indicates, in the form of a circle, a recommendation parameter for optimizing
the system performance. We found that a suitable desorption temperature was 318 K for the desiccant
dehumidification system. It showed that the latent effectiveness and latent heat ratio almost reached a
similar value. In this case, the heat requirement for dehumidification was almost equal to the ability of
moisture removal. Moreover, the results of the present study established that when the desorption
temperatures increased from 308, 318, 328, 338, and 345 K, the latent heat ratios decreased from 0.61,
0.58, 0.45, 0.33, and 0.31 respectively, whereas the latent effectiveness increased from 0.39, 0.7, 0.79, 0.87
and 0.91, when the desorption temperature increased from 308, 318, 328, 338, and 345 K, respectively.

3.4. Energy Analysis

The total electricity cost of a dehumidification system can be calculated by considering the
dehumidification load and the required energy to drive the process air (i.e., for the fan). A simple
process of a dehumidification system including the dehumidification and regeneration processes is
represented by Figure 6.

Energy sources for regeneration

Sensible heat input (Qsen)

h
Humidified air Desiccant - Return air
h

Outdoor humid air ‘ Desiceant === Dehumidified air

Hl

Latent heat removal (Qat)

Figure 6. The simple process inside the desiccant dehumidification system.

As shown in Figure 6, the energy resources for the regeneration process opens a contribution to
renewable energy and industrial waste heat. The required total electricity can be reduced somehow
by coupling the dehumidification system with the solar thermal energy to elevate the temperature of
regeneration. The process inside the dehumidification system is altered continuously from adsorption
and desorption. Within the study, as also mentioned in Section 4, the proper desorption temperature
for the current system was 318 K. Therefore, the analysis of energy cost was based on the properties of
the current system under 318 K.

The total energy demand can be calculated as the total of electricity for dehumidifying the air
(Qiat), regenerating the material (Qsn), and circulating the air by using a fan (W;,). The total energy
demand (E;) is given as

Et = Quat + Qsen + qun (18)
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and

(19)

where V,, AP,;,, and ¢ fan denote the volume flow rate (m3/s), pressure drop (Pa), and efficiency of
the fan (%), respectively. The assumption of the efficiency of the fan was considered at the value of
70% [43]. Then, the electricity of the fan was found to be 0.15 kW. On the basis of the experimental
results, the total energy demand was found in the value of 0.624 kWh. The calculation of the cost
mainly depends on the supply price of electricity in each country. In the case of the standalone
dehumidification system, the current system consumed less energy when compared to conventional
air conditioning. However, the initial cost for the desiccant dehumidification system might be higher
than the conventional one. The benefit can cover this drawback in that the energy-saving from the
standalone dehumidification system is able to lower the operational cost of the system [44].

4. Conclusions

The effect of the latent heat on the performance of the desiccant dehumidification system in terms
of latent heat effectiveness and latent heat ratio through five different desorption temperatures of
308, 318, 328, 338, and 345 K were experimentally examined. It was revealed that the highest latent
effectiveness and dehumidification ability were found at the highest desorption temperature of 345 K,
at 0.91 and 6.8 g/kg, respectively. The maximum latent heat ratio was obtained when the system was
driven by the low desorption temperature of 308 K. We clarified that even though the system was driven
by a low desorption temperature, it could nonetheless give a good mositure removal performance
with a high latent heat ratio. An effective dehumidification system is intended for giving a high latent
amount of heat, which shows that the system has high dehumidification capacity. Moreover, it also
implies that the higher the ratio between the latent heat and sensible heat, the greater the effectiveness
of the desiccant dehumidification system.
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Nomenclature

A adsorption potential (kJ/kg)

Cp specific heat capacity (J/kg-K)

Cpb specific heat capacity of the bed (kJ/kg-K)

d moisture removal capacity (kg/kg)

Dy, hydraulic diameter of the air channel (m)
D; dehumidification index (kg/kg)

E adsorption characteristics parameter (kJ/kg)
n total energy demand (W)

h channel height (air layer)

H desiccant block height (m)
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ki thermal conductivity of sorbent (W/m-K)
L desiccant block length (m)
LHR latent heat ratio
fitting constant
p fin spacing (m)
P partial pressure (kPa)
P, saturation pressure (kPa)
Quds average of enthalpy exchange in adsorption process (W)
Ques average of heat exchange in the desorption process (W)
Quat latent heat transfer (W)
Qsen sensible heat transfer (W)
7 radius of the adsorption particle (m)
R specific gas constant for water (kJ/kg-K)
t dehumidification time (s)
T temperature (K)
Re Reynolds number
RH relative humidity (%)
U, air velocity (m/s)
w desiccant block width (m)
Va, volume flow rate (m3/s)
W equilibrium adsorption uptake (kg/kg)
Wian electricity for fan (W)
W maximum adsorption capacity (kg/kg)
X humidity ratio (kg/kg)
Xideal ideal humidity ratio of air stream at the outlet of dehumidification system (kg/kg)
AH heat of adsorption (kJ/kg)
Greek symbol
€ latent heat effectiveness
Efan efficiency of the fan (%)
o sorbent thickness (m)
y latent heat of vaporization (kJ/s)
U dynamic viscosity of the air (kg/m.s)
Pa air density (kg/m?)
Ob bed density (kg/m?)
¢ porosity
Subscript
ads adsorption
des desorption
in inlet
out outlet
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