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Abstract— Solar energy is the most readily available source
of energy. It is also the most important of the non-
conventional sources of energy because it is non-polluting
and therefore helps in decreasing the greenhouse effect. The
fossil fuel depletion is a major factor concerned today. Thus
implementation of solar energy to the system is a key to
improve the conventional system. Drying by exposure to
the sun is one of the oldest method using solar energy for
food preservation. Solar enhanced smart compact solar
tunnel dryer is a system which can be used for drying
domestic products like fruits, vegetables etc. Solar tunnel
dryer can successfully employ a cost effective drying
technique. The system consists of polycarbonate sheet and
wire mesh as collecting area, solar tunnel, drying chamber,
axial fan and solar panel. The design improvements of the
system leads to a better performance. Potato and grapes
were selected as drying material in this solar dryer. Potato
and grapes were placed inside the dryer and it required 2
days to attain the final moisture content but the products
placed under the open drying required. 4 days to reach final
moisture content. By the introduction of heat storage
materials like sand and pebbles the efficiency of drying is
increased. For conventional sun drying water removal rate
was 0.015 kg/hr whereas for solar tunnel drying using sand
as heat storage material water removal rate was increased to
0.033kg/hr and 50% time was also saved. An embedded
system is integrated with the solar tunnel dryer. Temperature
and humidity sensors are used for detecting the current
temperature and humidity inside the dryer. Solar dryer
gives faster drying rates, reduces humidity and risk of
spoilage and improves the quality of the product.
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. INTRODUCTION

Energy is important for the existence and development of
human kind and is a key issue in international politics, the
economy, military preparedness, and diplomacy. To reduce
the impact of conventional energy sources on the
environment, much attention should be paid to the
development of new energy and renewable energy
resources. Solar energy, which is environment friendly is
renewable and can serve as a sustainable energy source.
Solar energy is the most readily available source of energy.
It is the most important non-conventional source of energy
because it is non-polluting and therefore helps to reduce the
greenhouse effect. Drying by exposure to the sun is one of
the oldest methods using solar energy for food preservation
such as vegetables, fruits, fish etc. Drying is a method used
to preserve food products for a long time. Sun drying is the
most widely practiced agricultural drying operation in India.
Solar drying can be considered as an elaboration of sun
drying and it is an efficient system of utilizing solar energy.
The direct exposure to sunlight, or more precisely ultra-
violet radiation, can greatly reduce the level of nutrients

such as vitamins in the dried product. Open sun drying is
economical and simple, it has the drawbacks like; no control
over the rate of drying, non-uniform drying, chances of
deterioration due to exposure of products against rain, dust,
storm, birds, rodents, insects and pests which results in poor
quality of dried products.

Solar drying system leads to fast rate of drying and
solar dryers can generate higher air temperatures and
consequential lower relative humidity, as well as lower final
moisture content of the agricultural product. This method
has several advantages such as less spoilage and less
microbiological infestation, thus leads to improved and
more consistent product quality. Different types of solar
dryers have been designed, developed and tested in the
different regions of the tropics and subtropics. The major
two categories of the dryers are natural convection solar
dryers and forced convection solar dryers. In the natural
convection solar dryers the airflow is established by
buoyancy induced airflow while in forced convection solar
dryers the airflow is provided by using fan operated either
by electricity/solar module or fossil fuel. Food drying is one
of the oldest methods of preserving food products. High
moisture content is one of the reasons for its spoilage during
the course of storage at time of harvesting. High moisture
crops and other products are prone to fungus infection,
attack by insects and the increased respiration of agricultural
products. There is spoilage of food products which could be
prevented using dehydration techniques.

Solar drying is in practice since the time of
immemorial for preservation of food and agricultural crops.
This is done particularly by open sun drying. This process
has several disadvantages like spoilage of product due to
adverse climatic condition like rain, wind, moist, loss of
materials due to birds and animals. Also the process is
highly labour intensive, time consuming and requires large
area. With cultural and industrial development artificial
electrical heating came into practice to increase the drying
speed. This process is highly energy intensive and expensive
which ultimately increase product cost. Thus solar drying is
the best alternative solution for all the drawbacks of
traditional drying and electrical drying. Additionally, the
solar energy is a promising energy source despite its daily
and seasonal fluctuations that represent a severe drawback.
The energy necessary for drying usually comes from fossil
fuels whose prices are continuously rising and their negative
impact due to CO, emissions is challenging the
environment. Concern about global warming is universal
and more attention is given to the energy intensive processes
such as drying, where the fossil fuel can often be replaced
by renewable and non-polluting source of energy. The
traditional sun drying is not an effective technique. The
solar dryer has considerable advantages over the traditional
sun drying method in terms of less risk of spoilage because
of the speed of drying. The process of drying is faster
because temperature inside the dryer is higher than that of
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outside temperature. So the quality of the products dried
inside the dryer is better in terms of nutrients, hygiene and
color.

Il. LAYOUT OF THE PROJECT

The figure 1 shows the schematic layout of compact solar
tunnel dryer and all the dimensions are in centimeter. Smart
solar tunnel dryer consist of solar panel, drying chamber
blower fan, temperature and humidity sensor. Solar panel
provides the power supply for the whole system. Drying
process is carried out in the drying chamber. The heated air
flows through the drying chamber whose walls are coated
with aluminum foil which helps in retaining the heat inside
the chamber. Trays are arranged inside the drying chamber
to carry the products to be dried. Drying of the product
occurs because of the movement of the hot air inside the
chamber. The drying time depends on the amount of
sunlight intensity, temperature within the chamber, air
circulation, humidity, and the nature of product. Humidity
and temperature play an important role in the drying
process. When the hot air is blown through the product to be
dried, it will take up the moisture until absolute humidity is
reached. The rate of drying is directly proportional to the
temperature and the circulation speed. Solar food drying can
be used in most areas but how quickly the food dries is
affected by many variables especially the amount of sunlight
and relative humidity. Typical drying times in solar dryers
range from 1 to 3 days depending on sun, air movement,
humidity and the type of food to be dried. The principle that
lies behind the design of solar dryers is as follows: in drying
relative and absolute humidity are of great importance. Air
can take up moisture but only up to a limit. This limit is the
absolute (maximum) humidity and it is temperature
dependent. When air passes over a moist food it will take up
moisture until it is virtually fully saturated, that means until
absolute humidity has been reached. But the capacity of the
air for taking up this moisture is dependent on its
temperature. Higher the temperature, higher will be the
absolute humidity and larger the uptake of moisture. If air is
warmed the amount of moisture in it remains the same but
the relative humidity falls and the air is therefore enabled to
take up more moisture from its surrounding. To produce a
high quality product it must be dried fast but without using
excessive heat which could cause product degradation
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Fig. 1:Schematic Layout of Compact Solar Tunnel Dryer

I1l. SYSTEM DESCRIPTION

The hardware model of the smart solar tunnel dryer consists
of various parts incorporated on and within the drying

chamber. The hardware model of the smart solar cabinet
tunnel dryer consists of mechanical part and electrical
part.The mechanical part consists of the outer body, solar
collector, trays, axial draught fan. The figure 2 shows the
hardware model of smart compact solar cabinet tunnel dryer.
The whole dryer system is arranged upon rolling wheels, so
that it can move to any desired location as per the
convenience of user. The real time display of temperature
and humidity is displayed on LCD display. The
polycarbonate sheet and wire mesh absorbs the heat from
solar radiation so that the heated air inside the tunnel
arrangement rises and the axial fan placed at one end of the
dryer compartment supplies the heated air to the drying
trays. Solar panels constitute the solar array of a
photovoltaic system that generates and supplies solar
electricity in commercial and residential applications. This
system consists of a 10W solar panel for converting solar
radiation into electricity. This panel has been integrated with
dryer for powering the 1A exhaust fan inside the drying
chamber. Solar collector collects heat by absorbing sunlight.
A collector is a device for capturing solar radiation. Solar
radiation is energy in the form of electromagnetic radiation
from the infrared (long) to the ultraviolet (short)
wavelengths. The quantity of solar energy striking the
Earth's surface (solar constant) averages about 1,000 watts
per square meter under clear skies, depending upon weather
conditions, location and orientation. The term solar collector
commonly refers to solar hot water panels, but may refer to
installations such as solar parabolic troughs and solar
towers; or basic installations such as solar air heaters. The
drying function takes place in the drying chamber. Plywood
is used for fabrication purpose to minimize heat loss. The
advantages of plywood as a material are that it is a poor
conductor of heat and it has smooth surface finish and also
heat loss by radiation is minimum. Matte black is the colour
chosen for the outer portion of drying chamber. Aluminum
foil is coated on the inside portion of the drying chamber.
This type of foil generally has a silvery finish along with
high reflectivity. Drying chamber designed in such a way
that it consists 2 trays which would hold up to 60 litres of
drying products. Rusting can be avoided by using
aluminium as the material for trays. The main reason for
using aluminium is because aluminium meshes are light
weight, strong and there is significant resistance for
atmospheric corrosion. Wooden frames are used for each
tray. The dimension of the tray is 18cmx15cm. Fan is used
to remove the moisture from the drying chamber. Most fans
can be categorized as either axial flow or centrifugal. Axial
flow fans are sometimes called propeller fans, although that
is really just one type of axial-flow fan. Air moves in a
straight line through axial flow fans parallel to the axis or
impeller shaft. The impeller has a number of blades attached
to a central hub. The fan used here is 12 V D.C, 10 Watts.
The figure 3 shows the embedded system
incorporated inside the dryer. The electrical part consists of
the microcontroller unit, temperature sensor, humidity
sensor and solar PV panel. The ATmegal6 is a low power
CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a
single clock cycle, the Atmegal6 achieves throughputs
approaching 1 MIPS per MHz allowing the system designed
to optimize power consumption versus processing speed.
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The AVR core combines a rich instruction set with 32
general purpose working registers. The temperature and
humidity sensors are used for determine the temperature and
humidity levels inside the drying chamber. The output of the
sensors is connected to the microcontroller. According to
this signals the fan gets activated. The values of temperature
are displayed in the LCD. Here LM 35 temperature sensor
and DHT 11 humidity sensor are used. DHT 11 is an ultra-
low cost capacitive humidity sensor. It has 4 pin outs. The
output signal is given through the data pin which is
refreshed every 2 seconds. It has an accuracy of 5% for (20-
80)% humidity reading. It draws only a small current of 2.5
mA and works on power supply of 3to 5 V. A 16x2 LCD is
used for the display of the measured parameters. The
temperature measured by the temperature sensor and the
humidity measured by the humidity sensor are displayed on
the LCD display.
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IV. HEAT STORAGE MATERIALS

Since solar radiation is an inherently timely dependent
energy resource, storage of energy is essential to meet
energy needs at night or during day time periods and make
a significant contribution to total energy needs. The radiant
energy can be converted into a variety forms of energy
storage as thermal, chemical, Kkinetic or potential
energy.Generally,the choice of the storage media is related
to the end use of the energy and the process employed to
meet that application. In the thermal conversion process
stored as thermal energy,it is often most cost effective.In
solar dryer it is essential to provide a sensible heat storage
material like pebble and sand to enhance heat transfer and
long term storage capacity.The advantage of this technology
are it is cheap,easily available and simple. Pebble is a small
rounded block of stone that has usually been smoothed and

shaped by water flowing action. Pebbles come in various
colors and textures. Pebble bed stores consist of loosely
packed material in a container. These beds provide a large
surface area for heat transfer in their dispersed materials, the
internal heat losses are only small because the particles have
little surface contact to surrounding particles and thus little
conduction losses. Sand has high thermal energy storage.
The specific heat capacity of sand is found to be
1041J/Kg/K. On comparison with pebble, the sand can store
energy when heated around 600°C. Moreover sand is cost
effective and readily available. Sand can function as thermal
collector, heat transfer medium as well as thermal storage.
Sand being an environmental friendly material, cheap and
easily available storage medium it can be employed for
small scale domestic solar energy applications like solar
cooker, solar based water heating etc.

V. WORKING PRINCIPLE

The dryer gets energized by the sun’s rays entering through
the poly carbonate sheet. The trapped rays are enhanced by
the black coated inner surfaces of the collector and the
trapped energy heats the air inside the collector. Air from
the surroundings is also taken in through the air vents
provided at the side of the chamber setup. Beneath the
polycarbonate sheet,a metallic tunnel arrangement is
provided. A wire mesh is also provided beneath the
polycarbonate sheet so that more amount of heat can be
trapped inside tunnel arrangement. This design helps to trap
the collected air within, and heats the air.The heated air rises
up through the tunnel. An axial draught fan which is placed
at one end circulates the heated air to the drying chamber
where the products to be dried are kept.The drying chamber
consists of 2 drying trays. The tray was made from an
aluminum wire mesh. The telescopic sliders are attached on
each tray for the ease of handling and sliding trays inside the
chamber. Light, hot air rises to the inner portion of the
chamber, within which it is circulated throughout for
efficient drying. When the fan is not working, the air
circulation is by virtue of air current, the denser air which is
cooler settles down and hot air rises up to drying materials..
Temperature and humidity within the chamber are displayed
by the LCD. Solar panel is placed at the sides of the dryer
which supplies power to the whole dryer. Heat storage
materials such as pebble and sand are placed on the bottom
portion of the dryer so that heat cab be stored for many
hours. The model is set up on wheels for easy transportation.
Aluminium foil is used to cover the chamber walls for
retention of heat. Thus the products are efficiently dried, or
baked, or fried, as per the requireent, within the set time.
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Fig. 5: Sand

VI. RESULT AND DISCUSSION

Many experiments were conducted on the compact solar
tunnel compact dryer.The major experiments conducted
were Solar intensity versus time measurement,No load
test,Open sun drying versus closed drying,Comparison of
thermal energy storage materials, Temperature variation
inside the trays,Hourly reduction in mass and moisture
content reduction in potato and grapes. From the survey
conducted Highest solar irradiance obtained was in the
ground with solar irradiance 850 W/m? and placed the
experimental setup in the location selected inside the college
campus.

The solar dryer was modified with thermal storage
materials. The storage unit stores the heat in thermal storage
system during the day and supplies hot air during the night
and overcast periods. In this work, the experiments were
conducted with pebbles and sand then made a comparative
study with both the cases. As a storage material, sand and
pebbles are cheap and readily available and have good heat
transfer characteristics with air The maximum absorber
temperature was obtained for sand. The maximum
temperature obtained for sand is 66.8°C and pebble is
63.2°C. When solar tunnel drying was compared with
conventional sun drying, the water removal rate and time
saved during the drying process was more in the case of
solar tunnel drying. it is found that the water removal rate
and time saved during the drying process was much more
when sand is used as heat storage material i.e. 0.032kg/hr
and 50 % respectively. When compared the efficiencies of
heat storage materials used for drying process, the sand was
much more efficient than pebble.

Initially 2.5 kilograms of potato was placed to dry
in open drying system and solar (closed) drying system. The
weight of potatoes measured at evening in open drying was
2.32 kilograms and in closed drying was 1.209 kilograms.
Then this item is placed for drying in the next day morning
and by the end of the evening it was found that the weight of
potatoes in open drying was 1.464 kilo grams and closed
drying was 1.209 kilograms. Potatoes can be dried at 45°C
in solar dryer without darkening the colour. Similarly in
another day 2.5 kilograms of grapes was placed to dry in
open drying system and closed drying system. The weights
of grape were found at evening in open drying as 2.265
kilograms and in closed drying it was 2.260 kilograms. Then
this item is placed drying for next day morning and by the
end of the evening it was found that in open drying weight
of the grapes was 1.472 kilograms and closed drying as

1.129 kilograms. In closed drying, the quantity of water
evaporated per 2.5 kg of raw potato is 1.83 kg and in open
drying the quantity of water evaporated is 1.68 kg.
Similarly, the quantity of water evaporated per 2.5 kg of
grape in closed drying is 1.97 kg and in open drying is 1.79
kg.

VII. CONCLUSION

An efficient smart compact solar tunnel cabinet dryer has
been constructed and modified by different heat storage
material,embbedded system with LCD screen displaying the
real time temperature and humidity inside the dryer. The
constructed dryer can be used to dry agricultural products
under controlled and protected conditions. The drying
system proved efficient and economical for drying
agricultural products. The result obtained during the test
period reveals that the temperatures inside the dryer and
solar collector were much higher than the ambient
temperature during most hours of the daylight. By the
addition of heat storage materials like sand and pebbles
efficiency of drying is increased. Experimental results
showed that when sand is used as heat storage material the
time saving and water removal rate was higher. i.e 0.033
kag/hr and 50 % The dryer exhibited sufficient ability to dry
food items rapidly to a safe moisture level and
simultaneously it ensures a superior quality of the dried
product. Since the product was not directly exposed to solar
radiation, the color and quality of the product and was
retained even after complete drying. The capital cost of the
dryer is dependent on the size as required for the use and
application. Solar dryer can use at any time with net saving
of conventional fuels and thus reduced the emission of
pollutants.

REFERENCES

[1] K Lutz and W Muhlbauer (2007), Solar Tunnel Dryer
with Integrated Collector, International Journal of
Drying Technology, 583-603.

[2] M. Mohanraj and P. Chandrasekar (2008), Comparison
of Drying Characteristics and Quality of Copra
Obtained in a Forced Convection Solar Drier and Sun
Drying, Journal of Scientific and Industrial Research,
67, 381-385.

[3] M. Mohanraj and P. Chandrasekar (2009), Performance
of a Forced Convection Solar Drier Integrated with
Gravel as Heat Storage Material for Chili Drying,
Journal of Engineering Science and Technology, 4, 305
—314.

[4] B. K. Bala et al. (2009), Solar drying of mushroom
using solar tunnel dryer, International Solar Food
Processing Conference, 1-10.

[5] Derbala, A et al., (2009), Drying Of Squash Using Solar
Tunnel Dryer with Phototvoltaic, Misr. Journal for
Agricultural Engineering, 25, 922-934.

All rights reserved by www.ijsrd.com 367



