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Abstract— This paper presents an experimental study on the integration of silica gel as a 
desiccant bed in a two-chamber solar dryer to improve outlet air conditions for reuse in 
drying applications. The system comprises a flat-plate solar air collector (forced 
convection via four fans-powered by solar PV), Drying Chamber 1 (DC1), a packed bed of 
silica gel for dehumidification, and Drying Chamber 2 (DC2). Mee wantan was used as the 
test product under low solar radiation conditions (average 452 W/m²). Seven 
measurement points were instrumented with temperature and humidity sensors, and 
solar irradiance was recorded using a pyranometer. Results show that the average outlet 
air temperature from DC1 increased from 37.88 °C to 39.29 °C after passing through the 
silica gel bed, while the average relative humidity decreased from 59.75% to 55.07%, 
indicating enhanced drying potential in DC2. The final product moisture content reached 
21% in DC1 and 23% in DC2, with the small difference attributable to the improved air 
properties dehumidification and the short experimental window due to rain. The silica gel 
bed exhibited an approximate mass increase of 11 g, confirming the adsorption of moisture 
from the air by the silica gel. The regeneration by solar heating is proposed for continuous 
operation. The study demonstrates a practical, hygienic approach to reduce ambient 
dependency in solar drying and supports hybrid desiccant solar dryer designs for food 
processing. 
 
Keywords— Solar drying, silica gel, desiccant, hybrid dryer, food drying, renewable energy 

I. INTRODUCTION 

Open sun drying is widely practiced but suffers from contamination, variable quality, and 
dependence on weather. Indirect and mixed-mode solar dryers improve control and 
hygiene but the outlet air often has elevated humidity after moisture uptake from the 
product, lowering its drying potential for subsequent stages. To address this, desiccant 
integration can condition the outlet air by adsorbing moisture, thereby reducing relative 
humidity and, due to latent heat release, slightly increasing air temperature. This work 
investigates a two-chamber solar dryer in which the air exiting Drying Chamber 1 is 
polished by a silica gel bed before entering Drying Chamber 2. 

Solar-energy drying systems have been extensively reviewed, highlighting 
classifications into passive and active designs and the practical advantages of solar dryers 
over open sun drying in improving product quality and hygiene [1,2]. Handbook 
references consolidate principles for dryer selection and operation, including solar drying 
of food products [3]. Recent reviews and chapters further emphasize performance 
evaluation and taxonomy of solar dryers, as well as the need for dehumidification 
strategies to manage latent loads [4–6]. Solid desiccants such as silica gel can be 
regenerated at relatively low temperatures available from solar collectors, making them 
suitable for integrated dryer designs; experimental studies on silica gel adsorption and 
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regeneration demonstrate stable dehumidification performance under solar-driven 
conditions [7–10]. 

In experiments that rely heavily on controlled environment such as solar drying 
systems the reliability and accuracy of data collection determine the validity of the results. 
IoT technology enhances this reliability by automating data acquisition, minimizing 
human error, and allowing remote supervision of system behavior. This capability not 
only improves operational efficiency but also ensures that the experiment progresses 
smoothly despite external constraints, such as limited physical access or fluctuating 
environmental conditions. The successful execution of such experiments therefore 
depends greatly on the strategic deployment of IoT components and sensors, which 
together form the backbone of a robust, data-driven monitoring and control framework 
 

II. METHODOLOGY 

System configuration: The dryer consists of (i) a flat-plate solar air collector with glazing 
and black absorber; (ii) four inlet fans powered by solar PV to ensure forced convection; 
(iii) Drying Chamber 1 (DC1); (iv) a packed bed of silica gel (desiccant) connected 
downstream of DC1; and (v) Drying Chamber 2 (DC2). Solar irradiance was measured 
using a pyranometer. Temperature and relative humidity sensors were installed at seven 
locations: environment (Point 1), collector inlet (Point 2), DC1 outlet (Point 4), DC2 inlet 
(Point 5), and DC2 outlet (Point 7); Points 3 and 6 inside chambers were not analyzed due 
to non-uniformity of temperature in the drying chamber. The position of each sensors and 
the illustration of experimental setup as shown in Figure 1. Data acquisition was 
performed with logging to a computer. The actual photo as shown in Figure 2. The silica 
gel is covered with a stainless steel plate to prevent direct exposure to solar radiation. 
This arrangement is intended to maximize the silica gel’s ability to absorb moisture from 
DC1. Based on theory, desiccant materials perform moisture absorption more effectively 
when temperature is low.  

The solar drying system integrates a photovoltaic (PV) system with battery storage to 
power not only the speed-controlled fan but also an Internet of Things (IoT) system used 
for monitoring and control. Two PV solar panels, with a total capacity of approximately 
100 watts, generate the required electrical energy. The energy generated is stored in a 
12-volt, 100 Ah LiFePO4 battery, ensuring a reliable power supply during periods of solar 
outages. The system also includes a charge controller to prevent overcharging and battery 
damage andpreserving the lifespan. 

The system provides continuous power to the fans that control the airflow, as well as 
IoT components that monitor the temperature, humidity and airflow in the drying 
chamber. The photovoltaic (PV)-powered IoT system enables real-time data collection 
and remote monitoring, improving control and efficiency of the drying process. Sensors 
connected to the IoT platform measure important parameters, such as temperature, 
humidity and airflow, and this data can be accessed remotely to optimize drying 
conditions and ensure product quality. Solar-powered IoT systems eliminate the need for 
external energy sources, making the drying process more sustainable and autonomous. 
This integration of renewable energy and smart technology encompasses a modern 
approach to solar drying, improving energy efficiency and process control, while enabling 
timely intervention through remote monitoring and alerts. 
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Fig. 1  Experimental setup and position of sensors 
 

 
 

Fig. 2  Photo of solar dryer system 
 

Product: Mee wantan, typically dried under open sun, was selected to demonstrate 
hygienic drying. The picture of the product as shown in Figure 3. Experimental conditions: 
Average solar radiation during the trial was approximately 452 W/m²; the experiment 
ended at 16:45 due to rainfall. Initially, the products were weighed manually every 15 
minutes. The interval was later increased to 30 minutes from 10:45 a.m. to 11:45 a.m. 
Since the reduction in mass became very small, the weighing interval was further 
increased to 1 hour, starting from 11:45 a.m. until 4:45 p.m. To measure the mass, the tray 
and product had to be removed from the drying chamber. Opening the chamber door 
during this process caused heat loss, which reduced the temperature inside the dryer. 
Therefore, to minimize heat loss, the weighing interval was extended to 1 hour. 
 

 
 

Fig. 3  Mee wantan 
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III. RESULTS AND DISCUSSION 

The final moisture contents were approximately 21% (DC1) and 23% (DC2) as shown in 
Figure 4. The small 2% difference reflects the improved air properties after 
dehumidification and the reduction of drying duration. The temperature and humidity 
were measured at specific points: environment (1), inlet (2) and outlet (4) of DC 1, and 
inlet (5) and outlet (7) of DC 2, as illustrated in Figures 5 and 6. Data from points 3 and 6 
are excluded because they represent random, non-uniform conditions within the drying 
chambers 

According to Table 1, the average outlet air temperature at point (4) is 37.88 °C, which 
increases to 39.29 °C after passing through the desiccant at point (6). Similarly, the 
average air humidity at point (4) is 59.75%, and it decreases to 55.07% after moisture 
from the wet air is absorbed by the silica gel at point (6). The average temperature and 
humidity measurements show conditioning of the air by the silica gel bed, with 
temperature rising and relative humidity falling between Points 4 (DC1 outlet) and 5 (DC2 
inlet). Without the use of silica gel, the outlet air from DC1 is unsuitable for drying because 
its temperature is nearly the same as the ambient temperature and its humidity is high. 

 

 
 
                                                               Fig. 4  Drying kinetic 

 
The adsorption of water vapour by silica gel reduces the humidity ratio and it increasing 
the potential for further drying in DC2. The slight temperature rise (1.41 °C average) is 
consistent with latent heat release during adsorption and reduced evaporative cooling. 
This indicates that the silica gel functions to absorb moisture from the humid air after it 
carries moisture from drying chamber 1. As shown in Table 2, the mass of the silica gel 
increased by 11 g. When saturated, the silica gel must be regenerated to remove the 
absorbed moisture.  

However, the experiment was stopped at 4:45 due to rain. Regeneration can be 
achieved by separating drying chambers 1 and 2 and exposing the silica gel to solar 
radiation when there is no product in drying chamber 2. The concept of regeneration 
involves allowing natural airflow through points 4 and 5 while the silica gel is directly 
exposed to solar radiation by removing the cover on top of the desiccant. Solar radiation 
passes through the glass and heats the desiccant. This process was not implemented in 
this project because the increase in silica gel mass was minimal. 
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                                                               Fig. 5  Temperature at each point 

 

 
Fig. 6  Humidity at each point 

 
TABLE  I AVERAGE TEMPERATURE AND HUMIDITY 

 

Points Temperature Humidity 

1 37.01 52.99 

0

10

20

30

40

50

60

70

80

90

100
Te

m
pe

ra
tu

re
 (°

C
)

Time

Temperature vs Time 

temperature 1 temperature 2 temperature 3 temperature 4

temperature 5 temperature 6 temperature 7

0

20

40

60

80

100

H
um

id
ity

(%
)

Time

Humidity vs Time 

humidity 1 humidity 2 humidity 3 humidity 4

humidity 5 humidity 6 humidity 7



Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 1s, 2026 

 

1033 

 

2 44.23 42.94 

4 37.88 59.75 

5 39.29 55.07 

7 36.84 70.52 

 
 

TABLE  III MASS OF SILICA GEL 
 
 

 

IV. CONCLUSIONS 

The integration of a silica gel bed between two solar drying chambers proved effective in 
conditioning the outlet air by reducing its relative humidity and slightly increasing its 
temperature, thereby improving the drying potential for subsequent stages. This 
approach addresses a common limitation in solar drying systems, where air exiting the 
first chamber often becomes saturated with moisture, reducing its effectiveness for 
further drying. The experimental results demonstrated a humidity reduction from 59.75% 
to 55.07% and a temperature increase from 37.88 °C to 39.29 °C after passing through the 
desiccant bed, confirming the adsorption capability of silica gel. Additionally, the silica gel 
mass increased by 11 g, indicating moisture uptake during the process. 

Although the experiment was constrained by a short duration due to rainfall, the 
findings validate the concept of hybrid solar drying with desiccant integration as a 
practical and hygienic solution for food processing. The proposed regeneration strategy 
using solar radiation ensures sustainability and low operational cost, making the system 
suitable for rural and small-scale applications. Future work should focus on optimizing 
the desiccant bed design, improving regeneration efficiency, and conducting long-term 
performance evaluations under varying climatic conditions. Furthermore, energy and 
exergy analyses, coupled with economic assessments, will provide deeper insights into 
the viability of this system compared to conventional and hybrid dryers. Overall, this 
study contributes to advancing renewable energy-based drying technologies and 
supports the development of efficient, weather-independent solar drying systems for 
agricultural and food products.  

Based on the integrated operation of the photovoltaic-powered IoT platform, it can be 
concluded that the IoT system and its associated sensors successfully recorded all 
necessary parameter including temperature, humidity, and airflow throughout the drying 
process. The continuous, reliable power supply from the PV panels and battery storage 
enabled uninterrupted monitoring, real-time data acquisition, and remote access. This 
ensured that all required data for the experiment was captured accurately and 
consistently, supporting effective analysis and validation of the solar drying system’s 
performance. 
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Parameter Before After Loss 

Mass (g) 1453 1464 11 
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