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Abstract

Objectives: To make review on passive solar dryers and its performance of
drying agricultural products. Methods: This article focuses on the development
in various categories of passive solar dryers in last six years. The different
studies carried out in direct, indirect and mixed mode types of passive
dryers for drying agricultural products in the year of 2014 to 2020 have
been considered this review. Investigations on forced convection solar dryers
have not been included in the current paper. The various experimental
setups of solar dryers, specimens used for experimentation, measured output
parameters and performance have been illustrated. The changes made in
construction of solar dryers for improving the performance have also been
reviewed. Findings:The mixed mode passive solar dryer is found to be superior
in terms of drying time, better utilization of solar energy and efficiency
compared to other passive dryers. Novelty: Several review articles have
been published in solar dryers. Nevertheless, no comprehensive reviews have
hitherto been published on passive dryers in particular. Hence, our current
review article focuses on development in passive dryers and its advancements
with emphasis on dryer design features, specimen and measured output
parameters.

Keywords: Passive solar dryers; Natural convection solar dryers; Direct solar
dryers; Indirect solar dryers; Mixed mode solar dryers

1 Introduction

Different kinds of solar dryers are available at variety of designs and various sizes based
on the necessities (V). Solar dryers are generally classified on the basis of contributions of
solar energy, air direction, air movement mode, product used for drying and insulation
materials . Passive mode and active mode are the two main categories in solar dryers
and the sub categories are indirect type dryers, direct type dryers and mixed mode type
dryers.

The direct mode solar dryer is also known as cabinet dryer. The air entry is through
the bottom side of cabinet and top vent is used for escaping the air. The moisture content
from the drying product is observed by the air while passing through the cabinet. Solar
energy is observed by an attached solar collector in indirect dryers. Drying chamber
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gets the heated air from collector for drying operation ), Direct and indirect solar dryers are constructed together and forms
a mixed mode type solar dryer. In mixed mode type, the product is dried by both direct mode through the transparent cover

and indirect mode ®.

2 Previous Research on Different Types of Passive Solar Dryers

Table 1. Studies in different types of passive solar dryers

Author Dryer Type  Design Feature Specimen Measured output parameters
Borah et al (2015)® Conductive and convective dryer Turmeric Drying chamber temperature
Chauhan et al (2016)© Di Green house dryer insulated in  Vegetables Chamber  temperature, relative
irect . . L3
Drvers north side wall and fruits humidity
Tiwari et al (2016) 7 Y Green house dryer with PVT single  Crop Crop temperature
Roof
Chatchawal et al Green house dryer with Parabolic  Red chili Moisture content
(2017)® roof structure
Manpreet et al (2018) ) Solar cooker cum dryer Gooseberry  Absorber plate temperature, chamber
temperature, absorber glass tempera-
ture
Chen et al (2014) 10 Chimney type, porous absorber Porous Air flow temperature at chimney exit
materials
Finck(2014) (11 Variable steering flow arrangement Nopal Moisture content, drying time
in absorber
Romero et al (2014) (12) Indirect PVC chimney Vanilla Moisture content
Musembi et al (2016) 1) Dryers Collector with adjustable angle Apple Moisture content
Slimani et al (2016) 14 Photovoltaic/Thermal collector Agriculture  Inlet air temperature
products
Hajar et al (2017) 19 Corrugated  aluminum  plate Pear Drying chamber temperature, drying
absorber time, moisture content,
Essalhi et al (2018) 19) Dryer connected with water storage  Grapes Moisture content
tank
Swami et al (2018) 1) Absorber constructed with phase  Fishes Temperature of dryer, drying time
change material
Zoukit et al (2019) 1®) Aluminjum finned absorber Agricultural ~ Drying chamber temperature
products
Emetere et al (2019) (1) Hanger chamber and pipe for heated ~ Fruits Moisture content
air
Ugwu et al (2015) 20 Pebble bed absorber Timber Drying chamber temperature, mois-
ture content
Dejchanchaiwong et al Concrete drying chamber natural rub-  Moisture content
(2016) 2D Mixed ber sheets
Sekyere et al (2016) ??) Mode Dryer with backup heater Crop Moisture content
Yassen et al (2016) *3) Dryers Dryer connected with biomass plant ~ Red chili Moisture content, drying time
recovery dryer
Mehta et al (2018) ¥ Tent type dryer Fishes Collector outlet air temperature
Ssemwanga et al Multiple metallic concentrator col-  Pineapples, =~ Moisture content, drying time
(2020) @9 lector mangoes
Mohammed et  al Multiple metallic concentrator Pineapples Moisture content
(2020) 2©)
Erick C et al (2020) ?7) Two way mode dryer Tomatoes Drying chamber temperature, drying
time
Sekyere et al (2020) ?® Dryer with three mode options, rock ~ Grapes Collector temperature

piles collector
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2.1 Direct Dryers

In® carried out the experiment on turmeric drying in a direct mode solar dryer. The air temperature for drying was found
between 39-51°C from the atmospheric air temperature range of 25-28°C. In the 12h of effective drying time the damp content
was reduced to 6.36% in solid turmeric and 5.50% in turmeric slice from the initial value of 78.65%. The overall thermal
efficiency was evaluated by 55%. It was found that the sliced turmeric had better kinetics and efficient in drying instead of solid
form. In{® the authors analyzed the greenhouse dryer with insulation in north sidewall. Two different cases of experimentation
had been carried out. The first one was direct dryer with solar collector and the other was greenhouse dryer with insulated wall.
It was concluded that the insulated type green house dryer was most efficient as compared to conventional type greenhouse
dryers.

In” experimented a thermal modeling of greenhouse dryer with photovoltaic-thermal roof. The experimentation was
carried out in natural and forced mode. It was found that the thermal energy reduced by 76.39% and electrical energy boosted
by 88.73% with the increment in PV module packing factor value. The addition of mass flow rate influenced the thermal energy
by 89.44% of natural convection and 65.70% of forced convection mode. In‘® experimented a green house dryer and drying
system with low temperature for red chili. In the night time drying, the wetness of chili decreased on average 0.02g/h and
0.193g/h on day time. The drying processes reduced the value of 13.55% of moisture content within 52 h duration.

In® designed a side loading solar cooker-cum-dryer with the multi-shelf arrangement for keeping drying product. A
Booster mirror was used in north face for better performance during winter season as shown in Figure 1. It was identified
that the solar radiation capture by designed modal was 16 to 54% upper in winter as compared with conventional horizontally
placed solar cooker.
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Fig 1. Solar cooker cum direct solar dryer )

2.2 Indirect Dryers

In 19 authors analyzed the indirect type solar dryer. The dryer was constructed with porous solar collector and chimney. Heat
transfer flow was analyzed in the solar absorbent by Brinkmane Darcy model and equations of energy. Effect of changes in
height and leaning of dryer was also determined, ') constructed an indirect solar dryer with the dimensions of 1” thick, 140cm
length and 60cm width from the plywood wood and inclination was used to 17.5° to the horizontal. Black painted coil of copper
foil matt was adopted for absorber. The drying time of nopal was estimated by using the average speed of the entire process.
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In1?) constructed a vanilla dryer prototype of 50 kg capacity. Theoretical and experimental analyze for distribution of
temperature was achieved on the dryer.(!® developed an indirect natural convection mode dryer for mid-latitude region.
The specimens of apple slices were used to validate the model. Moisture value of fresh apple reduced to 8.12 % from 86%
in the duration of 9 hours 20 minutes. The calculated overall efficiency of the dryer was 17.89% at an average solar energy
value of 534.45W/m?. In(" constructed a indirect dryer with photovoltaic and thermal solar collector. The thermal energy
performance of a hybrid collector was evaluated. The thermal performance was increased by glazing of collector and the
electrical performance was decreased. The PV/T collector efficiencies were calculated as 41.09% in thermal and 9.33% in
electrical.

In{® tested a solar absorber which consisted of two aluminium corrugated sheets. Corrugated Sheets were joined in
cylindrical shape for better air circulation in collector. The specimen mass value was reduced to135.13g from the initial
mass of 997.3g and average thermal efficiency was evaluated by 11.11%.( analyzed the behavior of grapes drying process
by indirect dryer and traditional open sun drying. Experimental results showed that the time required for grapes drying
was 120 h in indirect dryer and 201 h in traditional drying. The moisture value was reduced to 20.2% from initial value of
79.8%. 17 experimented the dryer and the drying chamber was constructed with phase change material as shown in Figure 2.
The heating chamber depth was 10cm. The specimen used for experimentation was fish and placed in drying chamber. The Air
flow rate was optimized as 5m/s at the mass flow value of 0.314 kg/s.

Fig 2. Indirect solar dryer with phase change material 17)

In!®) applied fuzzy model for forecasting inside temperature value of chamber. The dryer was designed to operate in both
active and passive mode. Experiment was carried out to find the reliability of the dryer. The Root Mean Square Error value was
calculated in both mode of operation for comparison of forecasted to experimented temperature. It was resulted that the RMSE
value was 0.81% in passive mode and 1.94% in active mode. 1”) developed indirect dryer made with concentrator chamber,
transport pipe and hanger chamber. It was observed that the hanger chamber temperature was increased 15.2 % in day 1, 16.04
% in day2, 20.14 % in day 3, and 13.57 % in day 4.

2.3 Mixed Mode Dryers

In®Y constructed a solar dryer of mixed mode category. The solar collector was constructed with black pebbles for storing and
absorbing of solar energy as shown in Figure 3. Heat energy was observed by transparent roof of drying chamber and collector
for making efficient process of drying. The capacity of a drying chamber and pebble bed were 0.362 m®and 0.1 m? respectively.
The area of transparent roof and glazed flat plate collector was calculated as 0.54 m? It was observed that the kiln temperatures
were maintained above the ambient values during night. The moisture content value was reduced in okpeye timber to 12.9%
from the initial value of 66.27% within 15 days. ") developed the mathematical model for mixed mode and indirect mode
dryer. The natural rubber sheets were used for experimentation. It was found that the mixed mode dryer efficiency was 2.1%
more than indirect dryer. The rubber sheets moisture contents were reduced 2.0 % from 32.3% in mixed mode and 8% from
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29.4% in indirect mode within 4 days.
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Fig 3. Mixed mode solar dryer )

In?? designed a natural convection solar dryer by local materials. The dryer was constructed with a backup electric heater
and used in low radiation periods. The pineapple slices were used as a specimen and the experiment was conducted on four
typical seasons in Ghana. The moisture value of specimens was reduced to 106% from 924% within 19 h at season 1, 184%
from 1049% within10 h at season 2, 155% from 912% within 7 h at season 3 and 144% from 1049% within 23 h at season 4.
The resulting efficiency of the dryer was obtained 27% at season 1, 24% at season 2, 11% at season 3 and 32% at season 4. %)
Designed a prototype of hybrid solar dryer with additional thermal energy system. The dryer integrated with secondary drying
system. The secondary dryer was operated by exhaust flue gas from primary dryer. The red chilies were used for evaluating the
performance of dryer. The results demonstrated that overall efficiency of hybrid dryer as 25.84% in day and night and thermal
mode dryer as 29.7% in night time.

In®% designed a tent type mixed mode dryer. The mathematical model was developed to forecast collector outlet
temperature. It was identified that the drying chamber temperature as 60-65°C and outlet dryer temperature as 50°C. It was
concluded that the dryer efficiency was 25.42% for 1kg of fish.?® developed a hybrid type passive dryer. In this work the
multiple metallic collectors were integrated with the dryer. The drying cabin was constructed with green house plastic material.
It was fabricated a conventional type Photovoltaic active dryer for comparative study. The fruits were used for evaluating the
performance of two category dryers and the results were compared with traditional sun drying method. The investigation
concluded that the integration of multiple metallic solar collectors and specialized plastic greenhouse material with HIP solar
dryer significantly improved the drying performance.

In?® designed an active mode Photovoltaic and Electric dryer and improved passive mode dryer for drying fruits. The
comparative study in economic performance was analyzed and result showed that the improved passive dryer was better than
the active dryer.?”) developed a passive mode dryer with mobile opaque cover drying chamber. The dryer had the option of
operating as an indirect mode and mixed mode. The experiment revealed that the tomato drying in indirect mode was 26 hrs
and the mixed mode was 17 hrs. ?®) developed a mixed mode dryer. The backup solar heater was integrated with the dryer. The
hybrid heating, back up heating and solar heating methods were employed to investigate the thermal performance of the dryer.
The theoretical thermal performance of the dryer was predicted by mathematical model. The predicted values were accurate
within the range of 0.20% to 7.49% , 0.03% to 12.8% and 0.03% to 9.3% in back up heating, hybrid heating and solar heating
respectively.
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3 Conclusion

In the current paper, comprehensive review on passive solar dryer revealed the following outcomes.

Greenhouse dryer with insulation in the north side wall is the most effective drying compared to the traditional greenhouse
dryer.

The thermal energy increased in the natural convection dryer by increasing the air mass flow rate.

Usage of a porous absorber increases the temperature of air flow and velocity at the chimney.

The more energy and greater efficiency are obtained by hybrid photovoltaic and thermal solar collector in indirect passive
dryers.

The water storage tank integrated with indirect dryer is used for heat energy storing and supplies the heat during off
sunshine hours.

The energy storage and better performance are achieved by black painted pebble bed absorber in the mixed mode dryer.
The rock pebble used as energy storage in the concrete absorber of the mixed mode dryer.

The better performance during low radiation is achieved by integrating the backup heater with dryer.

The biomass plant uses the thermal back up for mixed mode dryer. The flue gas from biomass plant utilizes in recovery
dryer.

The mixed mode dryer constructed like tent shows better performance.

Adopting multiple metallic plates in concentrator of mixed mode dryer shows the better economic performance compared
to active dryers.

The following suggestions are provided for future works.

The integration of the passive solar dryer with other solar equipment like solar cooker, solar water heater etc. may be the
economical investment and better utilization of solar energy.

The different types of composite materials can be adapted for collectors.

The optimization of different materials and different thickness of the absorber will get a better drying performance of
specific products.
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