ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/320066167
Design, Development and Performance Evolution of a Low-Cost Solar Dryer

Chapter - January 2018

DOI: 10.1007/978-981-10-4576-9_20

CITATIONS READS
0 90

4 authors, including:

ﬁ Dr. Surendra Poonia Ak Singh
;\;::'_,; Central Arid Zone Research Institute (CAZRI) Central Arid Zone Research Institute (CAZRI)
71 PUBLICATIONS 96 CITATIONS 17 PUBLICATIONS 127 CITATIONS
SEE PROFILE SEE PROFILE

Priyabrata Santra
Central Arid Zone Research Institute (CAZRI)

60 PUBLICATIONS 328 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project PhD thesis "Delineation and characterization of hydrologically-similar zones based on spatial distribution of soil hydraulic properties" View project

Project Dissemination of CAZRI developed Solar devices and their refinement for rural people View project

All content following this page was uploaded by Dr. Surendra Poonia on 04 November 2017.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/320066167_Design_Development_and_Performance_Evolution_of_a_Low-Cost_Solar_Dryer?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/320066167_Design_Development_and_Performance_Evolution_of_a_Low-Cost_Solar_Dryer?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/PhD-thesis-Delineation-and-characterization-of-hydrologically-similar-zones-based-on-spatial-distribution-of-soil-hydraulic-properties?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Dissemination-of-CAZRI-developed-Solar-devices-and-their-refinement-for-rural-people?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dr_Surendra_Poonia?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dr_Surendra_Poonia?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central_Arid_Zone_Research_Institute_CAZRI2?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dr_Surendra_Poonia?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ak_Singh17?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ak_Singh17?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central_Arid_Zone_Research_Institute_CAZRI2?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ak_Singh17?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priyabrata_Santra3?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priyabrata_Santra3?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central_Arid_Zone_Research_Institute_CAZRI2?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priyabrata_Santra3?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dr_Surendra_Poonia?enrichId=rgreq-0a82a97b091043d946862c12f46c1d70-XXX&enrichSource=Y292ZXJQYWdlOzMyMDA2NjE2NztBUzo1NTY5MjkyMTA4OTYzODRAMTUwOTc5MzY3OTQ2NQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Design, Development and Performance
Evolution of a Low-Cost Solar Dryer

Surendra Poonia, A.K. Singh, Priyabrata Santra and D. Mishra

Abstract Considerable amount of fruits and vegetables have been wasted due to
non-availability of appropriate processing facilities in farmers field, in spite of high
production in India with second rank in the world. A little of total fruit and veg-
etable productions in the country have been processed in industries. It has been
noted that food crisis in most parts of the world is due to non-availability of
processing and preserving facility rather than due to low production. Spoilage of
fruits and vegetables can be reduced by drying and preserving them by suitable
solar devices. Keeping in mind this requirement, a simple solar dryer has
been fabricated at ICAR-CAZRI, Jodhpur. The dryer comprises a drying tray
(0.75 m x 0.53 m) made of wooden frame and SS wire mesh and a glass sheet
(4 mm thick) fitted on a wooden frame and a couple of hinges with opening and
closing arrangements. Suitable openings for entry of ambient air and exit of water
vapour have also been provided. The cost of the dryer is about Rs. 800. The drying
tray serves dual purpose of solar collector and drying chamber. The maximum
stagnation temperature observed inside the drying chamber was 63 °C on loading
of 3 kg ber (Ziziphus sp.). It was 49 °C, when the outside ambient temperature was
27 °C on a clear sunny day (from 10 am to 4 pm) in the month of December—
January. For drying of 3 kg ber fruits to a final weight of 1 kg using the developed
dryer, it took about 7-8 days. It has been observed that the drying time for Ziziphus
(ber) decreased by 50% in comparison to open sun drying. The developed dryer
was also successfully tested to dry spinach (Spinacia oleracea), grated aonla
(Phyllanthus emblica) and beetroot (Beta vulgaris). This solar dryer would be very
useful for small and marginal farmers.

Keywords Low cost solar dryer - Solar collector « Drying chamber - Ziziphus
mauritiana (ber)
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1 Introduction

India stands second in the world in producing fruits and vegetables, which are 12.6
and 14.0%, respectively. Nearly 76% of fruits and vegetables are consumed in fresh
form of the total production and post-harvest losses are up to 20-22%. Only 2-4%
of vegetable and fruit production are processed and preserved by industries. It was
observed that food crisis in most of the countries is due to lack of ability to preserve
food production rather than solely due to low production. In India, still 70% people
are depending on agricultural practices and of this most people are not well off to
afford advanced technologies and it is a major obstacle.

Drying produce in the open sun is still a practice in many countries. This method
is very cheap but it creates a number of problems of contamination by foreign
materials, which include dust, dirt, unwanted materials, infection due to insects and
non-uniform drying. In the monsoon season, it becomes difficult to achieve opti-
mum moisture content for safe storage and there are chances of materials also
getting wet. India is endowed with abundant insolation. The arid western parts of
India receive maximum irradiance, i.e. 7600—-8000 MJ m > per annum, followed by
semi-arid parts receiving 72007600 MJ m ™2 per annum and least on hilly areas
where solar irradiance is still appreciable, i.e. 6000 MJ m ™2 per annum. Therefore,
solar dryers can replace sun drying method. The produce dried in a solar dryer is not
only economically viable but also of good quality and can return the cost incurred
on solar dryer in one or two years. Therefore, small-sized solar dryers can be
developed for cash crops and highly perishable products [1]. Some low-cost solar
dryers were developed for entrepreneurs and marginal rural farmers as reported by
Sharma et al. [2] and Fudholi et al. [3].

With this in view, [CAR-CAZRI, Jodhpur has developed a number of solar dryer
of different designs during past three decades [4—10]. One major drawback behind
wide-scale adoption of these previously developed solar dryers by farmers is the
cost, which is not affordable by most of farming community. In order to make the
dryer more economical, we have designed and developed a simple and small-sized
solar dryer at ICAR-CAZRI, Jodhpur, India. The dryer that we have developed is a
simple box-type solar dryer where the heat is provided by solar collector which also
acts as drying chamber. Here the atmospheric air enters through inlet portion of the
solar collector at the bottom end and the moist air gets exhausted through the outlet
portion. The target stakeholders of the developed dryer are marginalized and poor
farmers who cannot afford hi-tech facilities and equipment for preserving agricul-
tural products, thus eliminating the unwanted and unpredictable food spoilage.

2 Design of Solar Dryer

The solar dryer is based on greenhouse effect wherein the solar irradiance enters
into the chamber through top glass sheet which is trapped inside the drying chamber
and thus increases the stagnation temperature. The experimental solar dryer

poonia.surendra@gmail.com
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Fig. 1 A low-cost solar dryer developed at CAZRI, Jodhpur

comprises a drying tray (0.75 m x 0.53 m) made of wooden frame and SS wire
mesh. A glass top made of clear window glass (4 mm thick) fitted on a wooden
frame and a couple of hinges with opening and closing arrangements. Suitable
openings for entry of ambient air and exit of water vapour have also been provided.
The drying material can be put on the perforated SS wire mesh by opening the top
wooden frame fitted with glass. The cost of the dryer is about Rs. 800. The drying
tray serves the dual purpose of solar heat collector and drying chamber (Fig. 1).

3 Experimental Details and Results

In this dryer, the drying of Ziziphus (ber) was carried out during clear sky condition
as on month of January 2016. About 3 kg of fresh ber was put inside the dryer with
80% moisture content on wet basis. Hourly values of total solar irradiance on the
horizontal surface were measured by pyranometer coupled with integrator. The air
temperature inside the dryer and ambient temperature were measured hourly from
10.00 to 17.00 h during the drying trials. The detailed results of the drying
experiment of Ziziphus (ber) are given in Table 1.

From Table 1, it is clear that during the drying trials, maximum stagnation
temperature observed inside the drying chamber was 63 °C and on loading 3 kg of
ber the maximum temperature reduced to 49 °C, when the outside ambient tem-
perature was 27 °C on a clear sunny day (from 10.00 to 17.00 h) in the month of
January 2016. The moisture content of the ber decreased from 85 to 15% in 6 days
and the rate of drying decreased rapidly for moisture content below 65%.

poonia.surendra@gmail.com
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Table 1 Details of drying trials of Ziziphus (ber) in low-cost solar dryer

Date Radiation on Maximum Radiation on Maximum
January 2016 | horizontal plane |temperature (in no | horizontal plane | temperature (ber
(kW/m?) load condition) (kW/m?) loaded condition)
Ambient | Inside Ambient | Inside
°C) dryer °C) dryer
(O (0
10.00 h 680 20 36 640 21 34
11.00 h 820 23 58 880 23 40
12.00 h 920 25 62 980 25 44
13.00 h 980 27 63 960 27 49
14.00 h 900 26 59 920 26 47
15.00 h 720 26 57 640 26 44
16.00 h 490 25 49 390 24 40
17.00 h 210 22 40 220 25 35
Total/average | 5720 24 53 5630 25 42

The efficiency of solar dryer (ratio of evaporative moisture to the solar irradiance
on horizontal surface) is given by the relation given below:

ML

AT Hrd0"

where

Absorber area, m?>

r Solar radiation on horizontal plane, J m2h!
Latent heat of vaporisation, J kg™

Mass of moisture removed from the product, kg
Test duration, h

Efficiency of the solar dryer.

S oczt~T>

The efficiency of the developed solar dryer was found about 16%. The devel-
oped dryer will be very useful for the people of rural areas. As there is an abun-
dance of solar energy in our country, the rural people can use solar dryer for drying
fruits and vegetables when this is a glut in the market and earn money by selling
them.

3.1 Cost

The developed solar dryer comprises wooden flank, glass sheet (4 mm thick), and
wire mesh. These materials are easily available and a village carpenter can fabricate
this solar dryer. The cost of solar dryer is as low as Rs. 800/-.
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4

Conclusion

The developed solar dryer could be very useful at the domestic level. Due to its low
cost (Rs. 800/unit), it is very affordable. It can dry vegetable and fruits which can be
packaged for use in off season. It can be used to dry fruits such as ber, aonla, beat
root, leafy vegetables, spinach, coriander, chilies, fenugreek and other vegetables
such as onion, garlic, carrot, etc. The use of such dryers at domestic level can go a
long way in reducing postharvest losses.
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