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1. Introduction 

Agricultural supply chains play a vital role in the 

food industry as they ensure the smooth flow of food 

from the producers to the consumers. However, 

these supply chains are often plagued with 

inefficiencies that result in food losses and reduced 

profitability. One major area where inefficiencies 

occur is in the drying of agricultural products. In 

many countries, traditional drying methods such as 

sun drying and open-air drying are still in use, which 

are inefficient and result in high food losses. Solar 

tunnel dryers have emerged as a promising solution 

for enhancing the productivity of agricultural supply 

chains. 

Solar tunnel dryers are a type of solar dryer that 

uses a tunnel-shaped structure to trap solar radiation 

and heat, thereby providing a controlled 

environment for drying agricultural products. They 

are particularly useful in regions with high solar 

 

A B S T R A C T 

Solar tunnel dryers are innovative technologies that utilize solar energy to efficiently 

and cost-effectively dry agricultural products. By harnessing renewable energy, these 

dryers provide a sustainable alternative to conventional drying methods. The aim of this 

article is to examine a solar tunnel dryer that is employed to dry a variety of agricultural 

goods in Chandragiri Mandal, Tirupati (Andhra Pradesh), India under local weather 

circumstances. The dryer has a polycarbonate sheet that is 1 mm thick and 30 feet long 

by 12 feet broad. This sheet is utilized as a collector for material and for direct 

absorption on the item to be dried. About 300 kg can be loaded into the dryer with 

vegetables or agricultural products. Vegetables have been dried in a solar tunnel dryer 

in 1 hours from initial moisture content of roughly 85% to 45% whereas open-air drying 

takes 18 hours. The temperature within the dryer is considerably higher between 30 and 

40 degrees Celsius than the ambient temperature. It has been determined that the typical 

thermal efficiency is around 53.1%. Solar tunnel dryers, such as reduced drying time, 

improved product quality, and decreased post-harvest losses.  
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radiation and low humidity, where traditional drying 

methods are inefficient. The design of solar tunnel 

dryers can vary depending on the specific 

application, but they generally consist of a 

transparent cover that allows solar radiation to enter, 

an absorber plate that absorbs the solar radiation and 

converts it into heat, and a drying chamber where 

the agricultural products are placed for drying. 

In recent years, there has been a growing interest 

in the use of solar tunnel dryers for drying 

agricultural products. This has led to several 

developments in the design and construction of solar 

tunnel dryers, as well as improvements in their 

efficiency and performance. 

In addition to these developments, there have 

also been several studies that have investigated the 

use of solar tunnel dryers for drying specific 

agricultural products. Ridoy et al. [1] investigated 

atmospheric pressure dry nanotexturing involves the 

modification of surfaces at the nanoscale using 

various dry processes, such as plasma etching, ion 

beam etching, reactive ion etching, and laser 

ablation, among others. These techniques offer 

several advantages, including simplicity, 

scalability, and compatibility with various 

materials, while a study by Sengupta et al. [2] 

examined the effect of dust accumulation on the 

transparent cover of PV modules. As a result of 

investigations, it has been determined that dust 

buildup reduces light transmission and results in 

shading, which lowers module performance. 

Regular cleaning was suggested to maintain module 

efficiency. Zhao et al. [3] presented an in-depth 

analysis of solar drying techniques for agricultural 

products. It covers different solar dryer 

configurations, drying kinetics, and thermal 

performance. The authors discuss the challenges 

and opportunities for improving solar drying 

efficiency and maintaining crop quality. Aydin et al. 

[4] developed a solar tunnel dryer (STD) for drying 

mint leaves. The dryer had a drying chamber, a 

blower, and a solar collector. The dryer is found to 

be efficient in terms of drying rate, colour, and 

aroma of the dried mint leaves. Arslan et al. [5] 

proposed an infrared-convective dryer that 

combines infrared radiation and convective heat 

transfer to facilitate efficient drying of agricultural 

products. Infrared radiation provides direct heating 

to the crop surface, while convective heat transfer 

removes the moisture-laden air from the drying 

chamber. The integration of these two modes 

enhances the drying rate and helps maintain the 

quality of the dried crops. 

Babar et al. [6] developed a flat plate collector 

solar dryer for drying agricultural products. It 

consists of a flat plate collector, which absorbs solar 

radiation and transfers the heat to the drying 

chamber where the agricultural products were 

placed. The solar dryer helps in reducing the 

moisture content of the products, thereby preserving 

them for longer periods and preventing spoilage. 

Lingayat et al. [7] developed the design, 

development, and performance evaluation of an 

indirect solar dryer for drying agricultural products. 

The dryer utilizes solar energy to heat the air, which 

was then passed through the drying chamber, where 

the agricultural crops are placed. The paper 

discusses the design considerations, construction 

details, and performance analysis of the solar dryer. 

Hao et al. [8] evaluated the performance of a 

hybrid solar dryer for lemon slices. The proposed 

approach evaluates the drying characteristics, 

energy use, and decrease in moisture content. A 

mathematical model is developed based on the 

experimental data to predict the drying kinetics of 

lemon slices in the hybrid solar dryer. 

Sajadipour et al. [9] discussed the thermal 

behaviour of a flat plate water heater solar collector 

at different times of the day was assessed using the 

computational fluid dynamics (CFD) method. The 

CFD analysis allowed for the investigation of heat 

transfer, fluid flow patterns, and overall 

performance of the solar collector under varying 

daylight conditions. 

Rajaee et al. [10] investigated the construction 

and analysis of smart solar benches with the optimal 

angle will be conducted in four central cities of Iran. 

The presented system aims to maximize solar 

energy generation and provide convenient seating 

with integrated charging stations. The results will 

contribute to sustainable urban development and 

enhance public amenities. 

Patel et al. [11] investigated low voltage ride-

through (LVRT) capability of photovoltaic (PV) 

systems connected to an unbalanced main grid is an 

important area of research in the field of renewable 

energy. Low voltage ride-through refers to the 

ability of a power generation system to maintain its 

operation during and after a voltage dip or 

disturbance in the grid. An unbalanced main grid 

refers to a scenario where the voltage and/or phase 

angles of the three phases are unequal, which can 

occur due to various factors such as unbalanced 

loads or faults. 

Rakshamuthu et al. [12] investigated solar 

dryers are devices that use solar energy to remove 

moisture from agricultural products, thereby 

extending their shelf life. The integration of phase 
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change materials (PCMs) in solar dryers is aimed at 

improving their thermal performance by storing and 

releasing energy during the drying process. 

Mirzakhani et al. [13] investigated the optimal 

configuration for an off-grid PV-wind-fuel cell 

system with battery and generator backup for a 

remote house in Iran would involve a combination 

of solar panels, wind turbines, fuel cells, and a 

battery bank. The system should be designed to 

efficiently harness renewable energy sources while 

ensuring reliable power supply in all weather 

conditions.  

Mohana et al. [14] discussed solar dryers for 

food applications have gained significant attention 

due to their potential for sustainable and energy-

efficient food preservation. 

Battocchio et al. [15] investigated solar cookers 

and dryers are innovative devices that utilize solar 

energy for cooking and drying purposes, offering 

numerous benefits such as reduced fuel 

consumption, lower emissions, and improved food 

preservation. Additionally, research investigates the 

socio-economic impacts of solar cooking and 

drying, highlighting their potential to address 

energy poverty and promote sustainable 

development. 

Swami et al. [16] discussed solar fish dryers 

using phase change material as an innovative 

technology that combines solar energy and the heat 

storage capabilities of PCM to effectively dry fish. 

The PCM absorbs and stores thermal energy during 

the day when solar radiation is abundant and 

releases it during the night or when solar radiation 

is insufficient, providing a consistent and controlled 

drying environment.  

A. Mathew et al. [17] presented thermal energy 

storage (TES) systems are essential for enhancing 

the performance and usability of solar dryers, 

especially in the agricultural sector. This 

investigation to provides an overview of existing 

research and developments in the field of a novel 

thermal energy storage-integrated evacuated tube 

heat pipe solar dryer for drying agricultural 

products. 

Cetina-Quiñones et al. [18] discussed indirect- 

type solar dryers for agricultural use in rural 

communities are an effective and sustainable 

solution for preserving crops and reducing post-

harvest losses. These dryers utilize solar energy to 

remove moisture from agricultural products, 

thereby extending their shelf life and maintaining 

their nutritional value. 

Tarigan et al. [19] investigated the use of a solar 

tunnel dryer for drying whey protein concentrate. 

The objectives of their study were to determine the 

effect of various parameters, such as air velocity and 

temperature, on the drying kinetics and quality of 

the whey protein concentrate. The results showed 

that the drying rate increased with increasing air 

velocity and temperature, and that the quality of the 

whey protein concentrate was not significantly 

affected by the drying process. The authors 

concluded that a solar tunnel dryer could be a viable 

option for drying whey protein concentrate. 

Goud et al. [20] focused on the drying of skim 

milk using a solar tunnel dryer. The objectives of their 

study were to investigate the effect of various 

parameters, such as air temperature and humidity, on 

the drying kinetics and quality of the skim milk 

powder. The results showed that the drying rate 

increased with increasing air temperature and 

decreasing humidity, and that the quality of the skim 

milk powder was not significantly affected by the 

drying process. The authors concluded that a solar 

tunnel dryer could be a cost-effective and 

environmentally friendly option for drying skim milk. 

Azam et al. [21] investigated a solar collector 

integrated with a greenhouse dryer can be an 

efficient and sustainable solution for drying 

tomatoes. The combination of solar energy and 

greenhouse technology can provide an optimal 

environment for drying tomatoes while reducing 

energy consumption and environmental impact. 

Moravej et al. [22] analysed the impact of 

utilizing Ag-water nanofluid at various 

concentrations on the performance of circular 

collectors. The study aims to evaluate how different 

nanofluid concentrations affect the efficiency and 

heat transfer characteristics of the collectors. 

Murali et al. [23] developed the solar tunnel 

dryer is a structure designed to harness solar energy 

to dry shrimp efficiently. It consists of a long, 

transparent tunnel made of materials that allow 

sunlight to enter and trap heat inside. The tunnel is 

equipped with a series of trays or racks where the 

shrimp are placed for drying. 

Eltawil et al. [24] directed a solar photovoltaic 

powered mixed-mode tunnel dryer is an innovative 

solution for drying potato chips. This dryer 

combines the benefits of solar energy and a 

conventional tunnel drying system. The solar PV 

panels harness sunlight and convert it into 

electricity, which powers the dryer's components. 

The mixed-mode design incorporates both solar 

heating and forced air circulation for optimal drying 

efficiency. This sustainable approach reduces 

reliance on fossil fuels and decreases carbon 

emissions. The dryer's precise control mechanisms 
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maintain consistent temperatures and airflow, 

ensuring high-quality, evenly dried potato chips. 

This technology promotes energy efficiency and 

environmental sustainability in the potato chip 

production process.  

Aydin et al. [25] investigated the performance 

of a solar tunnel dryer was evaluated for drying 

coconut coir. The objective of the study was to 

investigate the effect of different drying 

temperatures on the quality of the dried coconut 

coir. The results showed that the optimal drying 

temperature was 50°C, which resulted in the lowest 

drying time and the highest quality of the dried 

coconut coir. 

Ezhilvannan et al. [26] examined the 

effectiveness of a two-stage three-phase grid-

connected inverter for photovoltaic applications 

indicates promising results. The inverter 

demonstrates efficient power conversion, high grid 

synchronization, and effective power control. Its 

performance ensures optimal utilization of solar 

energy and seamless integration with the electrical 

grid, making it a viable solution for photovoltaic 

systems. 

Elahi et al. [27] implemented precision 

agriculture techniques to optimize the use of 

fertilizers and pesticides, reducing waste and runoff. 

Additionally, promoting organic farming methods 

can minimize the use of synthetic chemicals, 

protecting soil health and reducing pollution. 

Integrating agroforestry systems, such as planting 

trees on farms, helps sequester carbon dioxide and 

improve biodiversity. Implementing efficient 

irrigation systems and utilizing water-saving 

technologies can also minimize water usage and 

associated energy consumption. Lastly, 

encouraging the adoption of renewable energy 

sources in agricultural operations can further reduce 

emissions and promote a greener farming industry. 

Shoeibi et al. [28] finned photovoltaic/thermal 

(PV/T) solar air dryer combines the benefits of solar 

photovoltaic and thermal technologies to enhance 

drying processes. Its performance analysis involves 

evaluating various parameters. The electrical 

efficiency of the PV module is assessed by 

measuring the power output under varying solar 

radiation levels. The thermal efficiency is 

determined by analysing the temperature rise and 

heat transfer rates in the air-drying chamber. The 

drying performance is assessed by measuring the 

moisture content reduction and drying time for 

different loads. Overall, the performance analysis of 

the finned PV/T solar air dryer aims to optimize 

energy conversion and drying efficiency while 

considering factors such as solar radiation, air flow, 

and temperature distribution. 

The concept of enhancing the productivity of 

agricultural supply chains with solar tunnel dryers 

represents a novel approach to addressing the 

challenges faced by the agricultural industry. While 

the use of solar energy in drying agricultural 

products is not new, the specific application of solar 

tunnel dryers in supply chains introduces a unique 

and innovative solution. By harnessing solar power 

to dry crops efficiently and sustainably, these tunnel 

dryers offer significant advantages, such as reduced 

reliance on fossil fuels, decreased post-harvest 

losses, improved product quality, and increased 

overall productivity. This integration of solar 

technology into agricultural supply chains 

showcases a fresh perspective on optimizing 

processes and promoting sustainable practices in the 

agricultural sector. The main difference in work on 

enhancing the productivity of agricultural supply 

chains with solar tunnel dryers lies in its operational 

approach and the novelty it brings to the existing 

literature. Unlike other works that focus on 

traditional drying methods, this research explores 

the use of solar tunnel dryers specifically. The 

novelty lies in the innovative design, utilization of 

renewable energy, and its potential to improve the 

efficiency and sustainability of agricultural supply 

chains. 

The major objectives of the solar tunnel dryers 

are mentioned below: 

 Introduce the concept of solar tunnel dryers and 

their potential to enhance the productivity of 

agricultural supply chains. 

 Highlight case studies or examples of successful 

implementation of solar tunnel dryers in 

agricultural supply chains. 

 Address potential barriers to adoption, such as 

lack of awareness or financing options, and 

propose solutions. 

 Evaluate the impact of solar tunnel dryers on 

smallholder farmers and their ability to access 

markets and increase their income. 

 Explore opportunities for scaling up the use of 

solar tunnel dryers in other regions and crops. 

 Recommend policy and investment strategies to 

promote the adoption of solar tunnel dryers in 

agricultural supply chains. 

 The potential impact of solar tunnel dryers on 

enhancing the productivity of agricultural 

supply chains and contributing to sustainable 

development goals. 
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2. Testing Setup of Solar Dryer 

An organic convection sun dryer was developed to 

dried onions are easier to handle and obtainable in 

Tirupati, Andhra Pradesh, India. The dryer's main 

component is a semi-cylindrical collector with a 2.78 

m2 surface area and a maximum height of 2 ft in the 

centre. Solar energy is transferred across the product 

using this collector. A sheet of 1 mm polycarbonate 

is used as a coating. 

In order to prevent the dryer's heat loss on the 

bottom side, the solar tunnel dryer also employs glass 

wool with a thermal conductivity of 0.04 W/m-K as 

insulation and stainless-steel wire mesh to load the 

material. The absorber is 6 feet long and 3 feet wide 

and is made of a 1 mm black-painted aluminum plate 

with a thermal conductivity value of 204 W/m-K. The 

complete device is placed 2 feet above the ground 

horizontally. A solar dryer typically consists of the 

following schematic structure to harness solar energy 

for drying purposes. The operation begins with the 

sun as the primary source of energy. The sun's rays 

are captured by a collector, usually made of a dark 

material that efficiently absorbs solar radiation. The 

collector is designed to maximize the absorption of 

solar energy. The absorbed energy is then transferred 

to the drying chamber through an insulation absorber, 

which helps in maintaining a suitable temperature 

within the dryer. The insulation prevents heat loss, 

ensuring efficient drying. Inside the drying chamber, 

a wire mesh or racks are used to hold the items to be 

dried, such as fruits, vegetables, or herbs. The wire 

mesh allows for proper airflow and prevents the items 

from falling through. The dryer also includes air inlets 

and outlets to facilitate the circulation of air. Warm 

air enters the dryer through the air inlets, flows over 

the items to be dried, and exits through the outlets. 

This airflow promotes the evaporation of moisture 

from the items, facilitating the drying process. Figure 

1 illustrates the schematic structure of a solar dryer.  

Through the intake aperture, air from the 

surroundings is drawn in, passed over the product, 

and then absorbed moisture. Throughout this 

experiment, no trees or additional structures ever 

provided shade for the dryer, which is conducted in 

the months of March and April 2023. A solar meter 

(WACO 206) is used to measure the sun’s radiation 

with an accuracy of 0.1 W/m2. A K-type 

thermocouple is also used to measure the ambient 

temperature of air that was moving toward the 

absorber plate of the dryer. The air flow rate at the 

intake and the surrounding humidity are measured 

using digital hygrometers and hot wire anemometers, 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Schematic structure of a solar dryer 
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Figure 2. Schematic arrangement of a solar  

dryer – outer view 

 
Figure 3. Schematic arrangement of a solar  

dryer – inner view 

The major points to be considered in solar tunnel 

dryer are as follows: 

 A collector and an absorber are being tested. 

 drying rate of various collector and absorber 

combinations. 

 Effect of loading and unloading. 

 Efficiency of traying. 

A solar dryer is a device that utilizes the power 

of the sun to dry various agricultural products, food 

items, or other materials. The outer view of a solar 

dryer typically consists of a sturdy frame made of 

metal or wood, supporting a transparent cover made 

of glass or plastic. This cover allows sunlight to enter 

while preventing dust and insects from entering the 

drying chamber. The inner view of a solar dryer 

includes shelves or trays where the materials to be 

dried are placed. These trays are designed to 

maximize air circulation and promote efficient 

drying. Ventilation openings are strategically placed 

to ensure proper airflow and moisture escape, 

facilitating the drying process. Figure 2 illustrates the 

schematic diagram of solar dryer’s inner view. Figure 

3 illustrates the schematic diagram of solar dryer 

outer view. Experimental methodology of the solar 

dryer is illustrated in Figure 4. Table 1 illustrates the 

major materials used in solar tunnel dryer.         

Table 1. Major materials used in solar tunnel dryer 

Materials Type/Quantity 

Gathering materials Sheets of polycarbonate 

Sorbent substance Aluminium sheet 

Onion's original weight  1600 gm 

Onion final weight 1200 gm 

 
 

Figure 4. Experimental methodology of the solar 

dryer 

3. Result and analysis with Different Agricultural 

Products 

Solar tunnel dryers can significantly enhance the 

productivity of agricultural supply chains, 

particularly in the case of tomatoes. By utilizing solar 

energy to dry tomatoes, these innovative systems 

provide numerous benefits. Firstly, solar tunnel 

dryers ensure efficient and consistent drying, 

reducing spoilage and post-harvest losses. This 

technology also enables farmers to extend the shelf 

life of tomatoes, preserving their quality and 

nutritional value. Moreover, solar tunnel dryers 

contribute to energy savings, reducing dependence on 

fossil fuels and lowering operating costs. 

Additionally, these dryers offer a sustainable 

solution, reducing greenhouse gas emissions and 

promoting environmentally-friendly agricultural 

practices.  

The tomato is both a fruit and a vegetable that has 

been widely used for industrial and domestic 

purposes due to its numerous benefits. It can spoil 

The sample is spread out on the tray the following morning at 

10:00 AM, and readings are taken up until the desired moisture 

content is reached 

Slicing an onion with a minimum thickness of 2 to 4 millimetres, 

starting with a 1.6 kilograms weight 

On a wire mesh, spread out these onion slices 

The test system operated from 10:00 AM until 4:00 PM 

Taking a preliminary reading of the dryer's output tray, and air 

intake temperatures 

Measured the amount of solar radiation and the surrounding 

humidity 

Take a each of these readings one hour apart 

After 4:00 pm, weigh this sample once more because moisture 

will bead, if it is not packed in closed polythene bags 
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easily if not handled properly because it contains a lot 

of moisture. Tomato slices were dried using a newly 

developed sun drying as a control in the development 

of a solar drier with a data monitoring system in this 

study. Following that, the solar dryer's performance 

was evaluated using quality studies and profile 

analyses of the temperature at which it dried, sunlight 

intensity, humidity level, relative amount of moisture, 

and drying rate. Tomato slices began with a moisture 

content of 90% wet basis and were dried until they 

reached a moisture content of 25-50% wet basis. 

According to the trial results, the solar drier dried 

things significantly faster than the sun. The final 

moisture content after 4 days of solar drying was 

determined by changes in the weight of STD and DSR 

that met the specified value. The tray exposed to 

sunlight was the only one that showed signs of tomato 

slices drying faster. Dried tomato slices have less 

vitamin C than fresh ones, according to quality 

studies. The cell walls of dried tomato slices were 

more delicate, but tomato slices were brighter when 

dried using a sun drier. These findings demonstrated 

the viability of a solar dryer for drying tomato slices, 

but they also revealed a number of issues that must be 

addressed in the future by improving the dryer or the 

drying process. You can use the dried tomato without 

seasoning. Figure 6 depicts before using a solar dryer 

to dry tomatoes. Table 2 depicts the observation of 

tomato parameters with respect to relative humidity 

(RH) and STD relative performance in percentage. 

Solar tunnel dryers are a technology that can 

greatly enhance the productivity of agricultural 

supply chains, particularly in the case of bitter guard. 

These dryers utilize solar energy to dry crops 

efficiently and effectively. By harnessing the power 

of the sun, they eliminate the need for traditional, 

fuel-based drying methods, reducing costs and 

environmental impact. Solar tunnel dryers provide 

consistent and controlled drying conditions, ensuring 

optimal quality and reducing post-harvest losses. This 

technology improves the shelf life of bitter guard, 

increases its market value, and allows farmers to 

access better markets, thereby enhancing the overall 

productivity of agricultural supply chains. 

The water content, drying rate, drying duration, 

and moisture ratio of bitter gourd were investigated to 

better understand its drying properties. The bitter 

gourd was flown directly through an evacuated tube 

solar dryer, and the moisture content change over 

time is shown below. The bitter guard had an average 

weight by weight (wb) of 91.85%, which dropped to 

6-7% wb. The moisture content of the bitter gourd 

decreased as the drying process progressed until it 

reached a final moisture content value. The bitter 

gourd was dried for 12 hours in total, with a final 

moisture level of 6-7%. The moisture content first 

decreased gradually due to the drying chamber's low 

intake temperature and low sun intensity. However, 

as the drying process progressed, the solar intensity 

increased until 1 PM, quickly reducing the moisture 

before it began to decline as the day ended (sunset). 

The non-dried product from the first drying day was 

stored in desiccators for the night. The drying process 

began at 9 AM on the second day and continued until 

the desired final moisture content was reached. The 

brightness, greenness, and yellowness of dried bitter 

gourd were significantly reduced. 

Solar tunnel dryers are an innovative technology 

that can significantly enhance the productivity of 

agricultural supply chains, particularly for crops like 

onions and chilies. These dryers utilize solar energy 

to efficiently dry and preserve the harvested produce. 

By harnessing the power of the sun, they eliminate the 

need for traditional fuel sources, reducing operating 

costs and carbon emissions. Solar tunnel dryers also 

provide a controlled environment, protecting the 

crops from pests, diseases, and adverse weather 

conditions. With faster and more consistent drying, 

farmers can increase their production capacity and 

minimize post-harvest losses. Ultimately, this 

technology improves the quality, shelf life, and 

market value of onions and chilies, benefiting both 

farmers and consumers. 

The onion slices had an initial moisture content of 

87.10% wb and an ultimate moisture content of 9.1% 

wb after drying. Onion slices dried in direct sunlight 

versus slices dried in a solar dryer with a natural 

convection current. Both onion slices dried in the 

open air and those placed in a single tray in a solar 

drier exhibited the same patterns of rapidly dropping 

moisture content. The first slice, however, showed the 

greatest moisture loss, indicating a rapid decline in 

moisture content. On day 2, the moisture content of 

the slices dropped dramatically, reaching its lowest 

point after 12 hours. Figure 7 shows the results of 

using a solar dryer to dry bitter guard and onion. 

Table 4 shows the correlation of chili parameters with 

RH and the percentage performance of STD. Table 5 

depicts the observation of onion parameters with RH 

and the percentage performance of STD.    

The drying chamber, gathering area, and chimney 

are all components of the solar tunnel dryer. A market 

is covered with a sheet of UV-stabilized polythene 

that is easily accessible in the vicinity of the drying 

chamber. The semi-cylindrical shape of the solar 

tunnel drier increases solar light absorption. The 

dryer is designed to be simple to open and close in 

order to distribute the drying substance and clean the 
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tray and absorber surface at the start of the day.   To 

prevent heat leakage, one inch of thermal insulation 

is installed at the tunnel dryer's base. According to 

research, red chilies have a 75% initial moisture 

content. An experiment on drying cold is run in the 

solar tunnel dryer to evaluate the dryer's performance 

when loaded. At 9 AM, 1.5 kg of chilies are spread 

out in a single layer inside the dryer. The process is 

repeated once the desired moisture content is reached. 

During the drying process, the ambient temperature 

ranged from 230°C to 270°C at its lowest and highest 

points. The interior temperature of the solar tunnel 

dryer ranges from 47.46°C to 56.9°C. The efficiency 

calculation for solar collector and dryer are 

represented in following equations (1) [5] and (2) [5] 

respectively, 

IA

TTmcp
N

c

Laa
c

)( 
            (1) 

IA

hm
N

c

lw
d              (2) 

Water evaporated in volume of solar dryer is 

mentioned the following equation (3) [5], 

sInitialMas

FinalMassueInitialVal
mw


          (3) 

A variation of a solar tunnel dryer is a modified 

design that incorporates additional features to 

enhance its performance and efficiency. These 

variations may include improved insulation, 

adjustable airflow control mechanisms, and 

automatic temperature and humidity regulation 

systems. By integrating these enhancements, the 

dryer can optimize the drying process by maintaining 

ideal conditions for moisture removal while 

minimizing energy consumption. Figure 8 illustrates 

the variation of solar tunnel dryer and diffused solar 

radiation in one month period of STD and DSR with 

different values, STD has given better results than 

DSR. 

 

 
Figure 5. Before using a solar dryer to dry - Bitter 

Guard 

Figure 6. Before using a solar dryer to dry – Tomato 
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Figure 7. After using a solar dryer to dry – Bitter Guard and Onion 

 

Table 2. Observation Table of Tomato 

Test Day 

Count 

  

Time of 

the Day 

  

Recorded 

Temperature (°C)  
RH 

(%) 

 

Weight  

(gm) 
Relative Performance 

of STD  

% Ambient Internal STD DSR 

Day-1 12:00 25℃ 53.5℃ 34.2 500 500 0 

Day-1 14:00 26℃ 50℃ 36.4 440 420 4.5 

Day-1 16:00 23℃ 30.6℃ 64 350.01 311.5 11 

Day-2 11:00 26℃ 56℃ 32.4 327.76 236.95 27.7 

Day-2 14:00 25℃ 49℃ 35 272.05 179.56 34 

Day-2 16:00 23℃ 47.7℃ 33.7 219.85 124.72 43.3 

Day-3 11:00 28℃ 57℃ 31.4 120.36 90.25 25 

Day-3 14:00 29℃ 49℃ 35 89.32 66.32 25.8 

Day-3 16:00 25℃ 47.7℃ 33.7 44.3 30.31 31.6 

Day-4 11:00 29℃ 56℃ 32.4 21.75 10.68 50.9 

Day-4 14:00 27℃ 49℃ 35 16.12 5.26 67.4 

Day-4 16:00 24℃ 47.7℃ 33.7 16.13 5.26 67.4 

Average 32.38 

Table 3. Observation Table of Bitter Guard 

Test Day  

Count 

  

Time of  

The Day 

  

Recorded Temperature  

(°C)   
RH 

(%) 

 

Weight (gm)  
Relative 

Performance of STD 

% Ambient Internal STD DSR 

Day-1 12:00 25℃ 53.5℃ 34.2 14.2 14.2 0 

Day-1 14:00 26℃ 50℃ 36.4 14.2 14 1.4 

Day-1 16:00 23℃ 30.6℃ 64 14.19 13.65 3.8 

Day-2 11:00 26℃ 56℃ 32.4 14.09 13.5 4.2 

Day-2 14:00 25℃ 49℃ 35 14.09 13.5 4.2 

Day-2 16:00 23℃ 47.7℃ 33.7 14.09 13.5 4.2 

 Average 2.96 



Devaraju et al./Journal of Solar Energy Research Volume 8 Number 3 Summer (2023) 1574-1586 

1583 

 

Table 4. Observation Table of Chilli 

 

Test Day 

Count 

 

Time of  

the Day 

Recorded Temperature 

(°C) 
RH 

(%) 

Weight 

(gm) 

Relative  

Performance of STD 

% Ambient Internal STD DSR 

Day-1 12:00 25℃ 53.5℃ 34.2 15.13 15.13 0.0 

Day-1 14:00 26℃ 50℃ 36.4 14.62 13.09 10.5 

Day-1 16:00 23℃ 30.6℃ 64 13.76 12.53 8.9 

Day-2 11:00 26℃ 56℃ 32.4 13.13 11.86 9.7 

Day-2 14:00 25℃ 49℃ 35 12.65 11.77 7.0 

Day-2 16:00 23℃ 47.7℃ 33.7 12.48 11.72 6.1 

Average 7.03 

 

Table 5. Observation Table of Onion 

 

Test Day 

Count 

 

Time of 

the Day 

Recorded Temperature  

(°C) 
 

RH 

(%) 

 

Weight(gm) 

Relative  

Performance of STD 

% Ambient Internal STD DSR 

Day-1 12:00 25℃ 53.5℃ 34.2 16.44 16.44 0.0 

Day-1 14:00 26℃ 50℃ 36.4 15.75 15.25 3.2 

Day-1 16:00 23℃ 30.6℃ 64 14.7 14.25 3.1 

Day-2 11:00 26℃ 56℃ 32.4 13.87 13.7 1.2 

Day-2 14:00 25℃ 49℃ 35 13.76 13.65 0.8 

Day-2 16:00 23℃ 47.7℃ 33.7 13.42 12.89 3.9 

Day-3 11:00 28℃ 57℃ 31.4 13.31 12.72 4.4 

Day-3 14:00 29℃ 49℃ 35 13.2 12.65 4.2 

Day-3 16:00 25℃ 47.7℃ 33.7 13 12.35 5.0 

Day-4 11:00 29℃ 56℃ 32.4 12.99 12.35 4.9 

Day-4 14:00 27℃ 49℃ 35 12.99 12.35 4.9 

Day-4 16:00 24℃ 47.7℃ 33.7 12.99 12.35 4.9 

Average 3.37 

 
Day 

Figure 8. Variation of solar tunnel dryer and diffused solar radiation 
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4. Conclusions 

The implementation of solar tunnel dryers 

holds significant potential for enhancing the 

productivity of agricultural supply chains. By 

harnessing solar energy to efficiently and 

sustainably dry crops, these innovative systems 

can reduce post-harvest losses, improve product 

quality, and increase overall productivity. 

Additionally, these dryers can be easily adopted 

by small-scale farmers, empowering them with a 

technology that improves their economic 

opportunities. In these experiments, an onion 

weighing 1650 gm was dried down to 250 g in 11 

hours as opposed to 18 hours in the open sun, 

resulting in a 15% moisture content reduction. 

The table observations also show that as the 

temperature changes and rises, the outlet 

temperature and tray temperature rise as well, 

reducing the time it takes to dry the goods. The 

intensity of the sun's radiation increases until 

picking hours, then gradually decreases. Finally, 

the refined material can be stored and used for a 

few months. The color of bitter guard, tomato, and 

onion changed, but chili remained the same. 

Using solar tunnel dryers can help to create a 

more efficient and resilient agricultural supply 

chain, which benefits both farmers and 

consumers. Future directions for enhancing the 

productivity of agricultural supply chains with 

solar tunnel dryers include optimizing drying 

processes through advanced automation and 

sensor technologies, integrating machine learning 

algorithms for real-time data analysis, exploring 

energy storage solutions to ensure uninterrupted 

operation, and fostering collaborations between 

researchers, industry stakeholders, and 

policymakers. However, some limitations include 

high initial investment costs, reliance on sunlight 

availability, and the need for proper maintenance 

and technical expertise. Overcoming these 

challenges and addressing scalability issues will 

be crucial for widespread adoption and 

maximizing the benefits of solar tunnel dryers in 

agricultural supply chains. 
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Nomenclature  

m Mass flow rate of air (m/s) 

Cp A specific heat of air (KJ/kg k Temp) 

T0 At collector outlet Temperature (˚c)  

Ti At collector inlet Temperature (˚c) 

AcI Area of collector (m2) 

mw Average solar radiation (W/m2) 

 

hl Height of solar dryer (m) 
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