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Abstract. The main objective of this study was to conduct an experimental analysis to investigate 
the performance of a new desiccant bed. Therefore, tests were carried out in a desiccator filled with 
a porous media, i.e. silica gel used as desiccant enhanced with phase change material, using variable 
inlet climate conditions. Experimental tests were performed to assess the effect of the new packed 
bed on the adsorption capacity and this by evaluating the outlet evolutions of temperature, relative 
humidity and absolute humidity. The experimental setup used in this study is a blower enabling to 
adjust the flow rate, temperature and relative humidity. The amount of adsorbed mass of moisture is 
also measured and discussed. 

1 Introduction  
The interest of our project is due to its environmental 
impact and due to its diverse practical applications of 
science and engineering such as: thermal management of 
electronic cooling; improving the performance of 
thermal transfer systems; optimization of desiccant beds 
and heat storage beds. 

Many efforts were carried out to replace 
chlorofluorocarbons (CFC) and hydro-
chlorofluorocarbons (HCFC) used in traditional 
compression refrigeration in order to reduce the amount 
of energy used for domestic heating and cooling 
applications [1]. Literature is rich, and various reviews 
concerning this topic are available. For instance, an 
interesting review on desiccant cooling systems was 
reported in [2, 3] and details about the adsorption 
process could be found in [4, 5]. Various studies used the 
solar integrated design for regenerating the desiccant [6–
8]. Mutsuhiro et al. [9] have proposed and studied 
experimentally a new type of Humidity Swing Air-
conditioning system (HSA) consisting of a desorption 
cooling system in the adsorbate instead of a cooling 
system by water spraying. Packed bed systems [10] can 
be used in adsorption of water vapor, organic solvent and 
some toxic gases. For a specific adsorbed substance an 
adequate adsorbent needs to be selected. For example, 
active carbon is usually used for adsorption of oil or 
organic solvent. Silica gel and molecular sieves are used 
for adsorption of water vapor. Thus, the desorption 
cooling performance in silica gel was discussed within 
packed beds. In fact, a packed-bed system usually 
consists of two columns which are filled with an 
adsorbent. The two columns are arranged in a periodic-
switched operation. While one is for adsorption, the 

other is for desorption. In order to proceed a cyclic 
operation, an input heat is required for the regeneration 
of the adsorbent in the desorption process. 

Recently investigations have focused on the 
optimization of desiccant cooling systems by introducing 
phase change material in the desiccant bed which will be 
presented in this study using paraffin as phase change 
material.  

2 Experimental setup 
Equations should be centred and should be numbered 
with the number on the right-hand side. We conceived 
and realized, within our research laboratory LESTE, a 
climatic wind tunnel intended for the study of 
desiccators with adjusted air temperature and moisture 
by means of a conditioning enclosure. Air flow rate is 
controlled with an air flow regulator designed to 
maintain a constant flow through the system. This 
installation has the advantage of ensuring air circulation, 
in a closed buckle, with well controlled dynamic and 
hygrothermic characteristics. For this study, we use 
silica gel as adsorbent. Silica gel is, in fact, a porous 
material with a high adsorbing water vapor capacity. 
Consequently, it is used as desiccant in various 
applications. 

The experimental system for investigation of heat 
and mass transfer in a desiccator filled with silica gel is 
shown in Figure 1. 

Photographs of the wind tunnel and the air-
conditioning enclosure are presented in Figures 2 and 3 
below. 
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Fig. 1. Different elements of the climatic wind tunnel. 
 

 
Fig. 2. Photography of the experimental setup. 

 
In order to control air moisture and temperature, we 
designed an insulated air-conditioning enclosure.  
The air-conditioning enclosure role is detailed as 
following: 

Air humidity is fixed indirectly by imposing dry bulb 
temperature and dew point temperature. 

Dry temperature is achieved by means of heating 
resistances with fins, when required temperature is over 
atmospheric one, and a heat exchanger connected to a 
cryostat in the opposite case. 

 
Fig. 3. Air conditioning enclosure. 

 
Dew point temperature is the imposed one on a thin 

water layer in the bottom of the enclosure using a 
serpentine related to a cryostat. 

The enclosure is, in fact, provided with two heating 
resistances connected to a thermo-regulator, a heat 
exchanger commanded by a cryostat serving to fix the 
dry air temperature when desired value is under ambient 
one, two air mixing ventilators and a second heat 
exchanger, that is to say a copper serpentine, immersed 
in a low water thickness and which is also controlled by 
a cryostat fixing so, the dew point temperature. The dew 
point temperature is, thus, selected according to the 
desired relative humidity while knowing the dry 
temperature and referring to the psychrometric diagram. 
We ensure, then, the moisture and temperature air 
control by the conditioning enclosure. 

Let us note that the wind tunnel is equipped with a 
by-pass which is used for the establishment of the 
required conditioning before the launching of the 
experiments. Once the imposed temperature, moisture 
and air flow rate are stabilized, the air is supplied to the 
desiccator. Our installation allows us to use various 
reactors with different diameters. We currently have 
three desiccators at 20, 30 and 50 cm diameters. 

A control panel and an electrical equipment box are 
used to ensure the ordering of the system. The desk 
includes all the control knobs. In fact, it ensures the 
order, the visualization and the adjustment of the various 
existing elements. The electrical equipment box feeds all 
the blower elements in electricity and is provided with 
the air flow regulator. 

The experiences are led on a silica gel packed bed. 
We have, then, utilized reliable sensors, i. e. thermo-
hygrometers which measure the following parameters : 
relative humidity Hr, absolute humidity Habs, dew point 
temperature Td, dry bulb temperature T, wet bulb 
temeprature Tw, PT100 temperature integrated in the 
probe and thus to exploit the experimental 
measurements. 

The silica gel is initially regenerated by means of 
electric oven for 5h at 70°C. Then, once the steady state 
of inlet air conditions is established, we start the 
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adsorption mechanism for a pure silica gel bed. Then, 
tests were carried out to assess the influence of 
introducing PCM on silica gel packed bed on the bed 
performance.  

3 Results and discussions 
As it can be seen from the Table 1 and Fig. 4, the 
measurements are carried out at nearly constant 
conditions of process air (speed, temperature and 
humidity at the bed entrance).  

The adsorption mechanism is studied for the fixed 
inlet air conditions that are:  

- Tin = 23.6°C ,  
- Hrin = 76.1% ,  
- Habsin = 13.4 g/kg.  

The response of the system to the imposed inlet 
conditions, namely the distributions of the bed 
temperatures and relative humidity during the adsorption 
mechanism is illustrated in the following Fig.  

Due to the high rate of adsorption, the heat 
generation rate results in a rapid increase in the bed 
temperature which rapidly reaches a maximum value 
To= 49.2 °C and then gradually decreases as the 
adsorption rate decreases.  

Simultaneously, the outlet humidity drop to a 
minimum, 25.7 % as for the relative humidity and 9.5 
g/kg for the absolute humidity and then rise toward the 
inlet values.  At saturation, the adsorption process is 
stopped and the different parameters join the imposed 
values at the entrance.  

Table 1 summarizes the relevant parameters of the 
test and establishes a comparative study between the 
inlet and outlet values.  

 

 
Fig. 4. Temporal evolutions of inlet and outlet 
temperature and relative humidities. 

Table 1. Comparative study between inlet and outlet 
parameters. 

Parameter 
characteristics 

Air 
conditioning 

phase 

Adsorption 
phase peaks |∆V| 

T (°C) 23.6 36 12.4 

Hr (%) 76.1 25.7 50.4 

    

Habs (g/kg) 13.4 9.5 3.9 

The effect of inlet absolute humidity, fixed and driven at 
the upstream of the porous bed (w1in = 13g / kg, w2in = 
17.6g / kg and w3in = 22.2g / kg), on the adsorption rate 
is illustrated in Fig. 5. The transient variation of the 
difference between the absolute humidity measured at 
the bed exit and that imposed at the inlet is presented for 
air velocity of 1 m/s, a bed thickness of 3 cm and a bed 
temperature of 31.5°C. It may be observed that the gap 
between inlet and exit humidity increases with the 
increase of inlet humidity. Thus, the hydrophilic 
character of silica gel is more considerable for higher 
concentrations of water vapor. This is explicitly 
illustrated in table 2 which is devoted to recapitulate the 
different results at the different inlet conditions. Such 
results may indicate that the desiccant cooling systems 
are valuable for even large ranges of humid climates.  

 

 

Fig. 5. Transient variation of the absolute humidity 
difference. 

 

Table 2. Absolute humidity variations with inlet absolute 
humidity. 

 Habsin Habso ∆Habs 

1 13 7.2 5.8 

2 17.6 10.6 7 

3 22.2 14.9 7.3 

 
Then, the hydrophilic character of silica gel is more 
considerable for higher concentrations of water vapor. 

The effect of phase change material is analyzed. 
During the experiment climatic conditions were kept 
constant as those driven with pure silica gel desiccant 
bed purely.  

Thus, the fact of decreasing the inlet air temperature 
may provide significant enhancement of the bed 
performance. 
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Table 3. Desiccant bed performance with pure silica gel and 
PCM bed. 

Characte
-ristics ACP Pure 

SG 
|∆V| 

 
PCM 
peaks 

|∆V| 
Silica 
with 
PCM 

T(°C) 23.6 36 12.4 28.9 5.3 

Hr(%) 76.1 25.7 50.4 27.2 48.9 

Habs 
(g/kg) 

13.4 9.5 3.9 6.7 6.7 

 

Fig. 6. Temporal influence of phase change material vs 
pure silica gel bed. 

 
Dehumidification with PCM desiccant bed shows greater 
moisture removal capacity as the heat generated is lower. 
The adsorption MRC reaches 50% and 29% for 
maximum temperature difference increase of 12.4 °C 
and 5.3°C, respectively.  

4 Conclusion 
The main results are: 
- The gap between inlet and exit humidity increases 

with the increase of inlet humidity. Such result may 
indicate that the desiccant cooling systems are 
valuable for even large ranges of humid climates. 
Thus, the dessiccant cooling systems are feasible 
solutions for Mediterranean climates.  

- The bed performance is improved for decreasing 
values of adsorbent temperature which confirms the 
importance of latent and sensible heat storage 
particles introduced in the desiccant beds.  
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