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Abstract: In this study, a controlled indirect solar dryer was used to dry 
dandelion roots at three temperatures of 60°C, 70°C, and 80°C, together with 
two air flow rates of 0.0417 m3/s and 0.0834 m3/s. The main aim of this 
research is to carry out an exergetic analysis on the dryer chamber and the 
drying process in order to improve the exergetic efficiency of the solar dryer. 
The outcomes showed that the level of exegetic performance depends  
on the variation of the operating conditions. The exergy yield of the drying 
chamber of six drying configurations was obtained between the ranges of 
48.1141%–68.2755%. 

Keywords: solar energy; solar drying; exergy analysis; dandelion root. 
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1 Introduction 

Drying is a widely utilised food preservation method from ancient times for increasing 
the utilisation period of the product (Dinçer and Zamfirescu, 2016; Idlimam et al., 2022; 
Selimefendigil and Şirin, 2022). However, conventional drying procedure is an  
energy-intensive process that could increase the total cost of dried agricultural material 
(Acar et al., 2022). Due to the long drying time, open sun drying also has certain 
detrimental consequences on product quality, such as an increased chance of 
contamination. Therefore, effective indirect or direct solar energy-assisted dryers can be 
developed and used for drying various types of products. In addition, forced convection 
solar drying systems have some advantages such as preventing heat damage to the drying 
product, accelerating the drying process, and reducing the overall consumed energy. 

Solar dryers (SDs) usually consist of a solar air collector (SC) and a drying chamber 
(DC), and the products are placed on a grid (Kouhila et al., 2020; Şirin et al., 2023; 
Khanlari and Tuncer, 2023). The radiation heats and dries the air circulating in the SC, 
which then enters the DC and dehydrates the plants. Exergy analysis of drying systems is 
quite important in terms of determining the usability of the generated energy. Generally, 
the exergy examination of solar drying through the second law of thermodynamics has 
been applied to evaluate and develop various representations of exergy-conversion drying 
systems. Exergy is the greatest work that is possible when the solar system uses many 
mechanisms to complete the thermodynamic balance. Optimisation is the exergy’s 
primary goal. The naming of the energy consumption process originates from the fact that 
the original research has a distinct conceptual description and uses the first and second 
laws of thermodynamics to analyse the amount of energy (Beigi et al., 2017). Instead, 
energy consumption in the drying system is the main cause of environmental problems 
like water and air pollution, solid waste disposal, seawater, land use, acid deposition, 
global warming, and the depletion of the stratospheric ozone layer. Therefore, many 
articles in the literature associate energy use with the environment, and investigate the 
best way to control the environmental impact of energy consumption. As these themes 
are an important foundation for sustainable development, the ‘firepower fever’ also laid 
the foundation for the development and understanding of sustainability policies (Khanali 
et al., 2013). 

Medicinal and aromatic plants also need to be dried effectively and sustainably. 
Dandelions are also grouped among this type of plant. The dandelion is a plant whose 
benefits were discovered in antiquity but were confirmed only in the 16th century. The 
dandelion has many properties including purifiers and diuretics. It is effective for 
gallstones and kidney stones as well as being useful for loss of appetite or certain skin 
diseases (Moussaoui et al., 2020; Rauwald and Huang, 1985). Chemical research of 
dandelion roots shows that this plant is rich in important chemical constituents. As is well 
knowledge, the application of dandelion root encompasses the domains of phytotherapy, 
pharmacology, and traditional folk use, while also accounting for the plant’s seasonality. 
This plant’s drying and storage has become essential components in these fields 
(Yogendrarajah et al., 2015). It’s also critical to remember that it’s appropriate to 
reconsider how it will be dried and stored. 
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The main purpose of the current study is to experimentally investigate the exergetic 
performances of the solar drying process of the dandelion root and the drying chamber as 
impacted by different drying parameters including drying air temperature and airflow 
rate. Different from other works available in the scientific literature that analysed solar 
drying systems, the present study focused on the exergetic effectiveness metrics of the 
dandelion root drying process considering varying aerothermal parameters containing 
drying temperature and airflow rate. 

2 Material and methods 

2.1 Description of the solar drying system and operation details 

The developed forced convection SD is shown in Figure 1 in a diagrammatic view. To 
carry out the drying process, the developed SD utilises two energy resources: electrical 
energy and solar energy. In addition to electrical resistors, the device’s components 
include a thermoregulatory, a DC, an aeration duct, a centrifugal fan, and a SC. A 
chronometer and a digital balance have been utilised to measure the time-dependent 
change of the removed water (Moussaoui et al., 2019). The details of the components can 
be listed as: 

• A 2.5 m2 (2.5 m × 1 m) SC with simple glazing operated with forced convection that 
is facing south and sloped 31° to the horizontal level. The SC’s transparent outer 
cover is composed of regular glass. The 0.5 mm thick, opaque absorber is made of an 
iron-galvanised sheet with a conventionally coated surface. The thick polyurethane 
foam used as the back thermal insulator measures 0.05 m and is positioned between 
two steel sheets. There is a 0.02 m absorber-cover distance and an absorber isolator 
distance of 0.025 m. 

• An aeraulic channel that aspirated was made up of a parallelepiped tunnel segment. 
The air that exits the DC after going through every shelf can be fully or partially 
recycled owing to a double T-pipe of recycling, which is made up of two nested  
T-pipes. The register (valve) butterfly on the double T-pipe allows users to change 
the airflow rate. 

• A DC has ten floors organised into trays that are 1.40 metres high, 0.90 metres deep 
and 0.50 metres broad. 

• A centrifugal fan (8 cm EC; 220 V, 0.1 kW) may achieve a maximum speed of  
1.7 m/s in theory. Its regulator makes it possible to adjust the flow rate between 
0.028 and 0.083 m3/s. 

• To adjust the intended temperature at the DC’s inlet, an electric auxiliary heater is 
utilised in conjunction with a thermo-regulator that has a precise range of  
0°C–100°C with an accuracy of 0.1°C. The thermo-regulator is coupled to a PT100 
platinum probe. 

• Four kilowatts of electrical resistance serving as a backup source. 
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Figure 1 Solar dryer with forced convection (see online version for colours) 

 

2.2 The protocol of the experiments 

The fresh dandelion roots utilised in this study were obtained from the surroundings of 
the province of Settat, Morocco. The mass of fresh dandelion root as the sample used in 
each drying experiment is 30±0.2 g per tray; the sample is uniformly dispersed on the 
drying tray and then put on the first shelf. The heated air-drying enters the drying 
chamber under the tray, and the fresh dandelion root is placed directly into the drying 
chamber. The relative humidity is determined by a capacitive sensor. In order to 
determine the mass loss of the dandelion root during the indirect solar drying process, a 
digital balance device (Humicolor probe-2, accuracy: ±0.001 g) has been utilised. It 
should be noted that the initial moisture content of the drying samples was determined by 
oven drying method at 105°C for 24 hours. 

The drying experiments have been performed in May 2022. In every drying 
experiment, the dandelion root on the tray was taken out of the drying chamber for a 
duration of 15 to 20 seconds in order to calculate the mass loss. This procedure was 
carried out every ten minutes at the beginning of the drying experiment and every 60 
minutes at the end of the experiment, which is present by the hygroscopic equilibrium of 
the samples. The moisture content at an instant t was calculated by the formula below: 

w d
eq

d

m mX
m
−=  (1) 

In equation (1), md and mw and are the mass after and before drying in an oven for 48 h at 
70°C, respectively. 

2.3 Exergetic investigation of the drying chamber 

According to the second law of thermodynamics, thorough analyses of the drying 
process’ energy were presented (Aghbashlo et al., 2012; Beigi et al., 2017). The 
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following equation develops the exergy balance that is related to the solar drying process 
with forced convection: 

+loss out destroyedEx Ex Ex=      (2) 

The equation (3) presents the exergy loss in the DC of the SD: 

+loss id odEx Ex Ex=    (3) 

where idEx  is the exergy of inlet air and odEx  is the exergy of exit air of the controlled 
DC, the equations (4) and (5) calculate the exergy inflow and outflow, respectively 
(Tuncer et al., 2023): 

( )0 0
0

ln id
id a a id

TEx m c T T T
T

  = − −  
  

    (4) 

( )0 0
0

ln od
od a a od

TEx m c T T T
T

  = − −  
  

    (5) 

where am  denotes the mass flow rate of the flowing air in the DC (kg/s). This metric can 
be attained as below: 

a a vm ρ D=  (6) 

In equation (6), ρa depicts the density of air (kg/m3) and Dv shows the volumetric flow 
rate (m3/s). 

The exergy transfer rate from evaporation related to the drying sample can be 
determined as below: 

01evap evap
p

TEx Q
T

 = − 
 

  (7) 

where: 

evap
evap

Q
Q

t
=  (8) 

In equation (8), t depicts the drying period (time). 
The exergetic yield of drying process can be determined by exploiting the  

equation (9): 

evap
pro

in

Ex
η

Ex
=

  (9) 

The exergetic efficiency of DC can be calculated using the following expression (Tuncer 
et al., 2023): 

od
DC

id

Exη
Ex

=

  (10) 



   

 

   

   
 

   

   

 

   

    Comprehensive exergy analysis of dandelion root 87    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

In this paper, the reference air temperature and air pressure were considered by the value 
of 25°C and 101.325 kPa, respectively considering the standard temperature and pressure 
(STP) for experimental measurements. 

3 Results and discussion 

In this work, six different aerothermal configurations for the indirect solar drying process 
of dandelion root have been tested experimentally. Figure 2 displays the exergy loss for 
drying conditions of dandelion roots (three drying air temperatures 60°C, 70°C, and 
80°C: two drying air flow rates 0.0417 m3/s and 0.0834 m3/s. According to Figure 2, the 
exergy loss values of the DC for tests performed at lower flow rate at 60°C, 70°C, and 
80°C were obtained as 2.2003, 2.7783 and 3.4124 kW, respectively. These values were 
obtained in the tests done at higher flow rate as 4.0629 kW, 4.2912 kW and 4.9814 kW, 
respectively. It should be noted that exergy loss of the DC of the dandelion roots 
increases with the raise of the air flow rate. Additionally, the value of the exergy loss 
decreases with a decrease of the air-drying temperature. 

Figure 3 shows the rate of exergy transfer from the evaporation of drying dandelion 
root at varying temperatures of 60°C, 70°C, and 80°C, also with two drying air flow rates 
0.0417 m3/s and 0.0834 m3/s. From this figure, it could be noted the exergy transfer rate 
from the evaporation of the drying root takes values that varied between 0.9803–2.6826 
kW. Increasing the flow rate from 0.0417 m3/s to 0.0834 m3/s improved the exergy 
transfer rate for the drying cases that performed at 60°C, 70°C, and 80°C as 7.98%, 
7.80% and 18.51%, respectively. The outcome from Figure 2 and Figure 3 is that various 
forms of exergy have the same evolution in the direction of solar drying conditions. They 
rise as the dry air temperature and dry air flow improve. In addition, the little amount of 
evaporation energy notably lowers the exergetic yield of the drying procedure. The 
greater output exergy value in the DC indicates that the exergetic yield of the DC is 
greater. These values agree with the results of the similar studies that have been 
published (Beigi et al., 2017; Akpinar et al., 2005). 

Figure 2 Exergy loss of the DC of dandelion roots at different aerothermal conditions (see online 
version for colours) 
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Figure 3 The rate of exergy transfer from the evaporation of dandelion roots drying (see online 
version for colours) 

 

Figures 4 and 5 show different exergetic yield values for the DC and the drying process, 
respectively under different aerothermal conditions. Specifically, the present research 
considers three temperatures and two drying air fluxes. These figures can be employed to 
understand more about the drying process’s and the DC’s exergy efficiency. These results 
are critical to understanding and enhancing the effectiveness of solar drying devices for 
drying dandelion roots. The average exergy efficiency values of the drying process for 
the tests performed at lower flow rates at 60°C, 70°C, and 80°C were obtained as 
12.4813%, 12.9647%, and 14.6951%, respectively. These values were obtained in the 
tests done at higher flow rates as 20.3590% (at 60°C), 21.0604% (at 70°C), and 
23.0169% (at 80°C), respectively. Moreover, average exergy efficiencies of the DC for 
the tests performed at higher and lower flow rates were attained between ranges of 
48.1141%–65.4054% and 52.0963%–68.2755%, respectively. From these figures, it was 
remarked that at fixed air-drying temperature and air flow rate, the value of the exergy 
efficiency for the drying process increases with an increase of the temperature and the air 
flow, whereas the value of the exergy yield for the DC decreases with a reduce in the 
temperature and the air flows. The obtained results and trends in the present work are in 
good line with similar studies available in the scientific literature that analysed the drying 
process of varying samples such as sardine waste (Bahammou et al., 2019) and carob 
pulp (Tagnamas et al., 2021). 

The drying chamber has a higher exergetic efficiency compared to the drying process. 
This is caused by the fact that, as dry air conditions grow during the drying process, the 
exergy in the DC rises and the moisture content drops. Because of the low quality of the 
items utilised in the test and the high thermal energy carried by the SD, a smaller amount 
of evaporation heat and a bigger amount of useless energy were produced, leading to the 
lower exergetic efficiency value determined throughout the drying process. Similar to the 
exergetic efficiency of the drying process, increasing the flow rate and temperature led to 
improve the exergy efficiency of the DC. It should be noted that similar trends and 
increment rates were attained in some researches that analysed various types of drying 
systems like a spray dryer (Aghbashlo et al., 2012), a hybrid photovoltaic-thermal 
indirect solar dryer (Tuncer et al., 2023) and an ultrasonic-convective drying system 
(Wang et al., 2023). 
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Figure 4 Exergy efficiency for the drying process of the dandelion root at various drying 
configurations (see online version for colours) 

 

Figure 5 The exergy efficiency of DC of the dandelion root at various drying conditions (see 
online version for colours) 

 

4 Conclusions 

Drying agricultural crops using solar radiation is a very old preservation method 
practiced in many civilisations for increasing the shelf life of the crops. In this context, 
this experimental work presents a study of the solar drying of dandelion roots by a 
controlled forced convection indirect SD at three different temperatures and two air flow 
rates. This study seeks to the influence of different parameters (temperature of the drying 
air, air flow) on the drying process through the interpretation and analysis of the dryer. 
Since the energy loss of the DC fluctuates from 2.2003 kW to 4.9814 kW, the loss of the 
energy achieved from the DC is higher than the energy transfer rate of evaporation, 
according to the major outcomes of this work. Additionally, the evaporation capacity 
varies from 0.9803 kW and 2.6826 kW. Moreover, in all conditions of air heat, the 
exergetic yield of the DC is greater than the exergetic yield of the drying process; the 
exergy efficiency is between 12.4814% and 23.0170%, and the exergy efficiency of the 
dryer chamber varies from 48.1141% and 68.2755%. In further works, varying 
aerothermal conditions can be also experimentally analysed and machine learning and/or 
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statistical approaches can be applied to optimise the operating parameters. Moreover, 
product quality analysis can be also done in future works and these outcomes can be 
utilised in the optimisation process. 
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