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ABSTRACT

This paper presents the valvular conduit unidirectional air flow solar dryer design and fabricated to harness the maximum available solar energy with restricted
back flow and minimum thermal losses around the collector section. In this proposed solar dryer natural convection air draft is used for drying and the drying
chamber is equipped with an array of sensors temperature and humidity sensors to control required temperature and humidity range. A thin acrylic polycarbonate
transparent glazing is placed over the collector section to trap and harness the thermal energy from incoming solar irradiation. Due to the greenhouse effect caused
by glazing in collector section will raise the temperature and decrease the relative humidity of ambient air. This heated and dehumidified air is used for drying
operation along with the advantage of eliminating moisture content by avoiding any possible contamination like in open sun drying operation. Thus the quality of
dried product can be achieved to the highest level with a thermal efficiency and pick up efficiency at 62% which is can be consider as significant and the payback
period of proposed solar dryer also have very significant number which can also considered as satisfactory.
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1. INTRODUCTION

Solar drying is the oldest technique to maintain agricultural and marine products and medicinal herbs. It’s used for to reduce the moisture content
to its saturation level. The natural utilized heated air is means and moisture concentration gradient thus created causes the movement of moisture from
inside to outer surface of the product. Temperature more than the acceptable limit causes both physical and chemical changes and ultimately deteriorates
the quality of the dried product. Air supplied at controlled temperature enhances their storage life, minimizes loss and saves transportation cost as most
of the water contents are dehydrated. Dehydration of such products is necessary to avoid bacterial and fungal growth.

This energy can reach the earth’s surface either in direct form as a beam or extra-terrestrial radiations, or as diffuse solar radiation which has been scattered
or reflected off the surface. Approximately 50% of short-wave radiations is reflected back into space, while the remaining is absorbed by the surface and
re-radiated as thermal infrared (or long wave) radiation. The atmospheric further reduces direct beam radiation by 10% on clear days, and 99% during
periods of thick clouds. The sum of the diffuse and direct solar radiations is called global or solar radiation, while reflected radiation that is either diffuse
or direct radiation reflected from the earth’s surface completes. A schematic diagram of indirect solar dryer is shown in figure 1.

Solar dryer is essential for dehydrating agricultural products, marine /sea products, medicinal plants and chemicals. Active dryer makes use of an absorber
plate to obtain energy from the sun and transport it to the drying chamber where the product is dried, while passive dryer used the natural convection of
air to heat the drying chamber. A systematic classification of solar dryers for agricultural and marine products has been developed to address the
disadvantages associated with solar drying [1-4]. These new designs have proven very useful for the fruits, vegetables [5-6] with long hours of sunshine.
Overall, different types of solar dryers have been developed in recent years for efficient and effective drying of various products [7].
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Figure 1: Schematic diagram of valvular conduits connected with drying chamber.

The sustained process is required while drying of agricultural and marine products moisture content is not removing after the sunshine hours. In
continuously, global radiation drying the products through the hot air coming in the drying chamber [8]. The temperature of drying chamber is increased
in the peak of sunshine hours and also, decreased the temperature after removing the sunshine hours for provide flow the hot air to the dryer [9]. Even
the theoretical concept of natural indirect type of solar dryer with the black reversed absorber collector and hot air flow drying chamber was evolved by
Jain [10]. After, the solar panel to connect for night time and rainy days to dry the products.

From up to times, different types of fagrant herbs to use in different products to better the taste [11]. Agricultural products and herbs are mainly used in
its fresh or dried nature. The controlled temperature needs for the drying of products and herbs because the color and taste of products and herbs can be
preserved. So, alternative dryers convert into mechanical dryers. A natural indirect solar dryer with controlled temperature drying procedure can be use
[12].

1.2 Natural convection solar drying without thermal storage

The incoming solar radiation is generally harnessed using the thermal solar collector of solar dryer which is utilized the production of dried products
efficiently. In India we have very high potential of solar energy that can be efficiently utilized for various applications and it can successfully fulfill
overall need and requirements of energy at various distinguish sector [13].

Thus, harnessing this type of free energy will lead to a very cost effective and sustainable system which will easily reduce the base of energy and capital
cost. The two best known methods for air flow circulation are: natural convection system and forced convectional system. As natural conventional type
system do not required any external source of energy and power unit. Therefore, they required very less depends on different electro mechanical devices
and basic work for natural convection type solar dryer with an aim to harness the solar energy and used it for efficient drying application can be
successfully achieved.

Therefore, this research paper endeavors to present very new and innovated design for drying application with an enhanced thermal pick up efficiency
[14].

The objectives of this proposed solar dryer study are:

1)  Valvular unidirectional conduit helped in maintaining the optimum drying temperature and air flow range to achieved thus quality product
output.

2)  The maximum available solar energy with restricted back flow and thermal losses around the collector section.
3)  Significant thermal efficiency of the solar thermal collector.

4)  Eliminating various problem like contamination of moisture pollutants and other micros as well macro.

2. Methodology
2.1 The detail description of proposed solar dryer
An indirect type solar dryer equipped with a flat plate absorber unit without thermal storage and natural convection type air flow unit was design and

fabricated. The proposed solar dryer is divided into the following major parts as: Newly design flat plate collector equipped with valvular conduit and a
drying chamber with natural convection air flow as shown figure 2.
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Figure 2: Actual setup of Valvular Conduits for air flow in unidirectional solar dryer.
2.1.1 Flat plate collector and new duct system

The solar collector section is an important part of the experimental setup are shown in figure 3 (a), is fabricated from ply-wood flumps of various cross
sections. It has a radiation collecting area of 1.25 m x17.5 m x 0.84 m and is placed at an inclination angle of (320). The design and fabricated collector
section equipped with a 0.009 m film which was placed on the flat plate at distance of 0.75m.

The special designed conduit is placed in between the glazing and absorber plate will allow heated air to circulate through the drying chamber for drying
application. Valvular conduit collector section of solar dryer is subjected to incoming solar irradiance will pass through the place glazing to the absorber
plate. Valvular conduit collector section which will create air circulation as the heated and air will rise towards the drying chamber and remove the
moisture content remove from chosen product as shown in figure 3 (b).

e Cont

Figure 3 (a), (b): Sectional views of the solar collector and a valvular conduit duct.
2.1.2 Valvular Conduit

Valvular conduits play very important role to achieve unidirectional air flow in the solar dryer. The conduit is made up of made up of wood and painted
with black color. The intentional irregular shape of conduit helps in creating significant restricted air flow rate as the various drying process only require
the drying air flow rate in a range of 0.5-.9 m/s. The spacing between every section of valvular conduits to each other is 0.85m and the height of each
valvular conduit is 1.09 m. The pointy and irregular sharp edges have an approach angle of 2°-4° and it will help us to restrict the back flow of heated air
to minimize the various thermal losses as shown in figure 4.



International Journal of Research Publication and Reviews, Vol 4, no 6, pp 1479-1487 June 2023 1482

Absorber Plate

Figure 4: Schematic diagram of valvular conduits with absorber plate.

(A) Air flow restricted in unidirectional

Its major role to circulation the heated air from collector section to drying chamber and also used to harness the maximum available solar energy with
restricted back flow and thermal losses around the collector section is shown in figure 5.
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Figure 5: Schematic diagram of restricted unidirectional air flow of valvular conduits.

2.1.3 Drying chamber

A sectional view of the drying chamber is shown in figure 6 and fabricated from plywood flumps of different cross sections. It measures 0.6 m x 0.53 m
x 0.375 m, with trays of dimensions 0.42 m x 0.44 m, where the product is dried with hot air from a solar collector. The frame work of the drying chamber
is a.003 m thickness of glass sheet and there is a door at the back for product loading and unloading.
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Figure 6: Sectional view of the drying chamber/cabinet.

2.1.4 Natural draft or natural convection air flow system

Natural convection air flow system is design for heat exchanger. The working of natural convection air flow system is warm and moist air is less dense.
The cold air enters from the inlet duct of the system.
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2.2 Working principal of solar dryer

The solar dryer is placed on a sunny area at Sri Sai University, Palampur (H.P). The collector section of solar dryer is subjected to incoming solar
irradiance and the useful solar irradiance will pass through the place glazing to the absorber plate. The glazing will prevent solar radiation from reflecting
back and it will create a greenhouse effect resulting the rise in temperature inside the collector section solar dryer which will create air circulation as the
heated and air will rise towards the drying chamber which can be used for drying application effectively. The new type of duct used in this solar dryer
will help to achieved unidirectional flow. Resulting least thermal losses around the collector section.

2.3 Thermal Performance of proposed solar dryer

Overall the solar dryer observed for selected products reflects the thermal efficiency of collector section and the overall drying efficient solar dryer [15-
18]. The overall drying efficiency is defined as the ratio of energy which is essential and necessary to absorber the moisture from the products to the net
heated air supplied to the drying chamber. Similarly the heat Energy supplied collector section can be identified by the net solar incident radiance supplied
to the collector and data or rise in temperature during the operation till we achieved the study rate condition [19-24]. Therefore the system drying efficiency
a major of the overall effectiveness of a proposed solar drying system. And the efficiency a used for the effective utilization of input energy for drying
can be explained by the following equation natural convection solar dryer.

Where, (n01) is the efficiency of drying system being explain the solar collector heated air to supplied the drying chamber for the remove the moisture
content through the natural convection are written as [25-28].

w =24 gk
n0= L e Si=1" M ec x 100 (1)

T 3600(Ac+4y7) D220,

So, L*, is latent heat evaporate the water in JKg~', M~ is remove the moisture from product in hourly Kgh™, A, + A,- are the collector area and
absorber plate area of natural circulation m?, I, is the global radiation for dryer in Wm™=2,

(P,;) Total capital cost per batch of drying can be expressed as:
Py=Cr+Cpr+Cotly+P+1y @)

Where, C,- Cost of raw material of product, C,- solar dryer operational cost, C, maintains cost, L, annual labor cost, P, Net per day feasibility for drying,
I, insurance cost of dryer.

Studied the performance of investment in the production can be expressed as:
(P*,) is Profits and P, is total sale price of product
P =B =Py ®)
Where, P*,. is Profits and P, is total sale price of product.
C, Capital cost of proposed solar dryer can be written as:
Ro="7 @
Thus, R". is the return of capital also known as profit from the investment and influence by time.

Simple Payback period P, calculated by expression:

P== ©)

Py

P, is the investment cost per annual net income.
P,=%P(1+)"—Cs (6)

Where, P, = S,(1+)7" is currently discount value and S,, is n year investment.
2.4 Optimization of data and major parameters for solar dryer

The optimization of data and the optimization of observe data and the correlation of various parameters like; incident irradiance, ambient air temperature
and relative humidity, temperature of cabinet Tc, temperature of ambient air Ta, temperature of solar irradiance I. For the process of optimization, the
design expert software is used for the identification of various parameters those are associated with the thermal performance of proposed solar dryer from
the optimization significant results of optimized data has been identified as shown in figure 7.
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Figure 7: A 3D plot of the correlation between Tc, Ta, and I.

The wind rose analysis of parameters wind velocity and wind direction are analysed and optimized using R studio software and the data recording for the
required parameters are done by using a hot wire anemometer and the data is recorded for six days. The figure 8 shows that the creamy color is maximum
at 2 to 4 in the North-South direction. So the prevailing wind gust can we observed from the NES direction with a maximum speed of 2-4 ms™*. Therefor,
solar dryer is placed at NE direction in a sunny field area at Sri Sai University, Palampur (H.P).
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Figure 8: Wind rose plot of frequency of count by wind direction and wind velocity.

3. Results and discussion

The standard performance of collector section and new design and fabricated valvular conduit that is installed just below the absorber plate in flat bed
type of collector and this collector is installed at the proposed solar dryer. This is installed in abundant solar field of Sri Sai University Palampur facing
the south east direction at 320. As the main aim and objective to receive maximum falling radiations for maximum efficiency from solar dryer and the
effect of radiation on ambient air temperature and relative humidity is represented by the figure 9. The rise in temperature is recorded for 6 days at and

interval of one hour.
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Figure 9: The correlation between temperature rise & incident solar radiation.

The selected product was only water washed from for one minute under the shower of running water to remove any devilries and dirt from the leaves and
buds. And then there are placed directly for drying in proposed solar dryer.

Considering the packed that the effect of incident irradiance will rise the ambient air temperature and also decrease ambient relative humidity
simultaneously. More the heated the dehumidified air i.e. (least RH % and maximum temperature) will have higher the capacity to absorber moisture
from the products that is subjected for drying application as shown figure 9.
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Figure 9: Moisture content variation with the drying time.

The effect of relative humidity also placed crucial role that generally influence the pickup efficiency and overall drying process rate it as observed that
the recorded relative humidity in the drying chamber was observed significantly very low that the drying process for product 1 took only 3.5 hours. The
final observed moisture content after 3.5 hours was quite low enough to consider it fully dried and efficiency was found near about 62% i.e. slightly better
than previous studies and pick up efficiency is represent in figure 9.
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Figure 9: Shows that the pick-up efficiency with time.

4. The economic analysis of proposed solar dryer

Table 1: The detailed description of components of dryer

Description Value in X
Capital cost of proposed solar dryer (Cs), 8,000
Life time of proposed dryer (n), y 5
Capacity of dryer (S,), Kg d* 6t09
Discount rate (i), % 5
Cost of raw material of the product (C;), % kg 130
Net per day feasibility for drying (Pe), 1560
Total capital cost per batch of drying (Pg), kg™ 780
Days of operation in year (d" ), d 240
Drying time of one batch (tg), h 3

Net drying for a month (S,), T kg* 46800

The frame work represented for the design calculation in this generalized form will also help in the evaluation financial fusibility of solar drying in any
agricultural products using the solar thermal technology. The various following economic indicators can be considered as the annual return pay back
capital and net present value for the feasibility analysis of solar drying Capital cost the fabrication of solar dryer was approximate 8000. Similarly the
products used for trial generally find its market price about 130 rupees per kg-1. And overall capacity for drying the product per batch is 6-9 kg. Therefore
the total capital cost per batch of drying is rupees 780. Total batch per day is 2 also the net per day feasibility for drying per day is about 1560. Similarly
for a month are 46800. Therefore, the payback period for the fabrication of solar dryer is only less than 10 days for the selected crop or products. The
various parameters for the analysis of the performance of proposed solar dryer is given table 1.

5. Conclusions

The proposed solar dryer can be successfully used for drying operation along with the advantage of eliminating various problem like contamination of
moisture pollutants and other micros as well macro devilries like the traditional open sun drying methods and it is also found that the use of valvular
conduit widely help to achieved significant thermal efficiency of the solar thermal collector. This can be used to harness the maximum available solar
energy with restricted back flow and thermal losses around the collector section. This special type conduit unidirectional conduit helped in maintaining
the optimum drying temperature and air flow range to achieved thus quality product output and various experiments have already confirm the satisfactory
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the performance of solar dryer and thermal efficiency of solar dryer thermal dryer pick up efficiency of proposed solar dryer at 62% which is can be
consider as significant and the payback period of proposed solar dryer also have very significant number which can also considered as satisfactory.
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