



Comparative Performance Analysis of Chimney Assisted Greenhouse Solar Dryer and Open Sun Drying of Cereal Crop
Abstract

This research presents the comparative thermal analysis of chimney assisted greenhouse solar dryer and open sun drying. Recognizing the critical role of solar drying in minimizing post-harvest losses within sustainable agriculture, prototype was developed in my PhD thesis work at AKS University, Satna (MP), India. The structures was engineered using MS steel angle frames and glazed with 200-micron polyethylene sheets to maximize the greenhouse effect, integrated with an attached chimney to induce a natural draft for enhanced ventilation. The investigation monitored key performance indicators at one-hour intervals, including solar irradiance, air velocity, relative humidity, dryer temperature, and crop moisture content. Experimental results demonstrated that the greenhouse effect significantly elevates the internal chamber temperature, confirming the dryer’s superior thermal capability. The findings suggest that this chimney assisted design provides an efficient, low-cost solution for improving drying rates and maintaining crop quality in agricultural processing. Thermal analysis revealed that the greenhouse solar dryer achieved a peak internal temperature of 38°C, significantly higher than the ambient temperature of 25°C. Drying trials conducted on paddy showed a reduction in moisture content from an initial 18.2% (wb) to a final 13% (wb) within the chimney assisted system. In comparison, traditional open sun drying only reduced the moisture content to 16.3% (wb) over the same period, highlighting the superior drying efficiency of the chimney-assisted greenhouse design. Design geometry and chimney height accounted for a 13°C temperature increase above ambient levels during trials conducted in Satna (MP) in December 2022.
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Introduction: 

1.1 The Critical Challenge of Post-Harvest Losses and the Role of Drying Technology

Agricultural production worldwide is subject to significant post-harvest losses, a challenge that profoundly impacts global food security, farmer incomes, and supply chain stability. Effective drying is arguably the single most crucial post-harvest operation, designed to reduce the moisture content of agricultural commodities to a level safe for storage. This reduction is vital for inhibiting the proliferation of destructive biological agents, including microbial growth (molds, yeasts), spoilage-causing bacteria, and insect infestations, all of which thrive in high-moisture environments. The focus of this study is paddy which is foundational staple food crops, and their successful preservation directly correlates with the economic vitality of rural communities and the nutritional well-being of the population. Traditional drying methods, predominantly open sun drying, remain widely practiced due to their low capital cost and energy-free operation. However, these methods suffer from severe drawbacks. They are inherently unhygienic, exposing the crops to contamination from dust, debris, birds, and other environmental pollutants, and their efficiency is entirely dependent on unpredictable ambient weather conditions. This lack of control frequently leads to non-uniform drying, potential rewetting during non-sunshine hours, and ultimately, compromised quality and reduced market price for the produce.

1.2 The Strategic Potential of Solar Energy in Tropical Agriculture

India's geographical location provides an exceptionally rich solar energy resource, making the country an ideal for the widespread deployment of solar thermal technologies in agriculture. As a tropical nation, India benefits from a high intensity of solar radiation and prolonged sunshine hours throughout the year. 4–7 kWh per square meter per day with an annual radiation ranging from 1200–2300 kWh per square meter. It has an average of 250–300 clear sunny days and 2300–3200 hours of sun shine per year (Sharma,N.K. 2018). This consistent, high-intensity solar availability strongly justifies the investment in and optimization of solar-powered agricultural equipment. The realization of this potential is manifested in the development of Greenhouse Solar Dryers. These controlled-environment systems effectively capture and trap solar radiation using a transparent or translucent glazing material, creating an elevated internal air temperature. This temperature difference between the ambient environment and the dryer chamber is the core driver of efficient solar energy utilization for accelerated moisture evaporation.

1.3 Mechanisms for dryer temperature elevation: Chimney Assistance and Natural Convection

While basic green house solar dryer offer protection and elevated temperatures, their performance often requires mechanical enhancement, particularly in maximizing airflow to carry away the evaporated moisture. This study focuses on comparative analysis of open drying and Chimney Assisted Greenhouse Solar Dryer, which incorporate a vertical structure (the chimney) to leverage the natural stack effect.

The mechanism operates on the principle of buoyancy, as solar radiation heats the air inside the greenhouse chamber, the air's density decreases. This buoyant, less dense air rises rapidly into the attached chimney. The resulting upward movement creates a low-pressure zone at the dryer’s base, which continuously draws in fresh, ambient air through designated inlets. This passive, self-regulating process, known as natural convection or the natural draft, is critical. It ensures continuous ventilation, preventing the accumulation of saturated air which would otherwise halt the drying process, thereby significantly improving drying efficiency without the need for external electricity or mechanical fans.
1.4 The Critical Influence of Roof Geometry (Even-Span Roof)
A fundamental and often overlooked factor in design is the geometry of the roof structure. The roof shape governs two primary mechanisms. The amount of incident solar radiation captured and the efficiency of the internal airflow dynamics that facilitate the natural draft. This structures is architecturally simple, easy to fabricate, and offer robust structural integrity. Their straightforward design makes them a common choice, but their flat or slightly sloped surfaces may not be optimally angled for maximal solar capture throughout the entire day, especially as the sun angle changes seasonally. The objective of this research is a rigorous. Experimental trial was conducted to record the variations in drying performance parameters such as internal temperature profiles and moisture content reduction.
1.5 Research Objectives and Performance Evaluation (Loaded Performance Trials)
To provide actionable data for farmers and agricultural engineers, this study centers on comparative performance analysis of dryer for drying time and moisture reduction, loaded with paddy.
1.6 Review of Related Literature on Solar Drying Systems

The necessity of developing effective solar drying systems is well-supported by existing literature, which has explored various design principles, optimization techniques, and performance metrics. Optimization of solar drying systems is crucial, covering technical, economic, and environmental factors (Kumar, B. et al., 2023). 

Forced Convection and Hybrid Systems: Studies have shown that controlling airflow significantly boosts efficiency. Madhava et al. (2019) demonstrated this with a forced convection hybrid greenhouse dryer for paddy, which used PV-powered DC fans.This system achieved a high thermal efficiency of 28.15% and dramatically reduced drying time compared to open sun drying. Similarly, high efficiencies were reported in other systems, such as the wicked heat pipe integrated indirect solar dryer (Sachithanandhan et al., 2024), which achieved 26% thermal efficiency, validating systems that actively manage heat transfer.

Conduction-Based Systems: Jain et al. (2023) highlighted an alternative approach with a solar conduction dryer (SCD). By focusing on conduction heat transfer and using side reflectors, they reported an exceptionally high drying efficiency. This demonstrates that non-convection heat transfer pathways offer compelling alternatives for design optimization.

Natural Convection Variability: In contrast, natural convection systems, while cost-effective, show wider efficiency ranges. Seetapong et al. (2017) evaluated the thermal efficiency of a natural convection solar dryer under real weather conditions. On a clear day, the dryer chamber reached an average of 63.19°C, with solar radiation at 759.53 W/m² and an air mass flow rate of 0.023 kg/s. The system achieved a thermal efficiency of 2.59%, demonstrating its performance under varying environmental factors like wind and humidity. 
Quality Preservation and Economic Feasibility
The ultimate goal of drying is quality preservation and economic viability. Nithya, U. et al. (2011) confirmed the detrimental impact of high moisture content (16–20% wb) and temperatures (20–40 °C) and elevated storage temperatures on durum  quality, stressing the urgency of reducing grain moisture below the 15% moisture and 20 °C, solar dryers provide a sound investment. Philip et al. (2022) evaluated a 100 kg capacity greenhouse solar dryer that increased internal temperatures by 10–14 °C above ambient, leading to faster drying and better product quality than open sun drying. Economic analysis showed the system to be far more cost-effective than electric drying, offering lifetime savings up to 10 times the initial investment. With a payback period of 1.5–2.1 years, the dryer was deemed a sustainable and economical solution that promotes renewable energy adoption in small- to medium-scale agricultural processing. Jafari, A. et al. (2022) address the critical issue of moisture content  management in major food grains like maize, , and rice, particularly in developing nations. The authors discuss the importance of monitoring grain moisture immediately post harvest, as high moisture levels (18–25% wb) can significantly affect storage and food security. The study highlights the challenges faced by developing countries in accurately measuring MC and proposes practical, cost-effective methods for monitoring moisture during storage to reduce losses.
1.7 Problem Statement:

The major problem which is associated with the marginal and small farmers in India is the lack of availability of low cost, small capacity, portable and sustainable drying system in rural area. The green house solar dryer development was intended to solve the problems of marginal and small farmers of India.  
1.8 Research Novelty and Contribution

Existing research, while extensive, often focuses on high-capacity or technically complex systems. A significant research gap persists regarding the direct comparison and optimization of low-cost greenhouse structures specifically tailored for the drying characteristics of low-moisture cereal grains relevant to small farmers. Large-scale dryers with high fabrication costs are unaffordable for the vast majority of Indian agricultural producers.

This study makes a novel contribution by:

Rigorous Comparative Analysis: Providing empirical data on the drying of paddy under open sun drying and chimney assisted green house solar dryer.
Practical Cereal Grain Focus: Delivering specific, measured drying performance metrics (moisture reduction, thermal efficiency) for paddy in winter season.
Adopting a Low-Cost Approach: Utilizing 200 micron polyethylene sheet as the glazing material and focusing on designs suitable for fabrication and adoption by marginal and small farmers. By developing and testing these prototypes, this research seeks to identify the most geometrically sound and economically viable design, offering tangible, data-driven guidelines for implementing sustainable and highly efficient solar drying technology in rural agricultural settings across India and similar tropical regions.
Materials and Methods
Chimney assisted greenhouse solar dryer designs (Even Span roof), was developed in my PhD thesis work and tested in the Mechanical Engineering Department at AKS University, Satna (MP).  The evaluation focused on key performance metrics including internal temperature achieved, structural stability, the effectiveness of moisture reduction for staple crop (paddy). The design process integrated local climatic data specific to Satna (Madhya Pradesh), India, the characteristics of the target crops, and the local availability of construction materials. The fabrication of the dryer structures utilized core components such as MS Angle, MS Pipe, and a 200 micron polyethylene sheet.

2.1 Study Site and Experimental Period

The research and subsequent performance evaluation were conducted at AKS University, Satna, Madhya Pradesh (MP), and India. This location was chosen due to its tropical climate, which provided the high intensity and long hours of solar radiation necessary for rigorous solar dryer testing. The experimental trial was conducted to capture seasonal variability and loaded drying trials phase. Loaded trials were specifically conducted in three days and data were recorded in morning, afternoon and evening time duration, during the December 2022 for paddy respectively to assess the performance under contrasting ambient conditions.

2.2  Specification of Chimney Assisted Greenhouse Solar Dryers 
The table 1 shows the specification of chimney assisted green house solar dryer which are as follows:
	Sr.No.
	Specification
	Unit and Dimension with Explanation

	1
	Intended use of Green House Solar Dryer  
	Small Farmers land holding is 1.00 to 2.00 hectare and Marginal Farmers is below 1.00 hectare (PIB Govt.of India (2019) and Domestic Use (Drying of food grain in  small quantity) Along with small scale seed industry 

	2
	Location and Coordinate of Experimental Site
	Satna is located at 24.34°N Latitude and  80.49°E Longitude with an average elevation of 315 metres (1,352 feet) in Madhya Pradesh, India (Northern Hemisphere)

	3
	Orientation 


	East to West Along Length and Side face in true south (in the Northern Hemisphere) 

	4
	Operational condition (Seasonal )
	Winter

	5
	Wind Velocity Ranges 
	10-15 km/hr

	6
	Shape of the design of Chimney Assisted Green House Solar Dryer
	GHSDES  (Even Span roof structure)



	7
	Size in meter

(Length x Width x Centre Height) 
	1 x 0.5 x 0.75



	8
	Centre height to the base
	0.25 meter

	9
	Tilt Angle 
	450

	11
	Material of Construction for Chimney 
	MS Pipe

	12
	Base Volume of Dryer (m3) excluding the central height to the base of roof structure
	0.25



	13
	Roof Volume of Dryer (m3)
	0.06



	14
	Total Volume (m3)
	0.31



	15
	Loading capacity for  and Paddy
	15 Kg with 4 to 5 cm bed thickness as per the average density ranges of  and paddy

	16
	Aspect Ratio

(Floor Surface Area)
	2:1

	17
	Ventilation(For Buoyancy Force of Air, Chimney effect and Natural Draft)
	Attached Chimney opening is below the inlet cross sectional area 

	18
	Inlet (Square) and outlet Cross Sectional Area (Circular) As per the commercial available MS cicular pipe
	3.8 cm (1.5 inch) diameter with 11.34 cm2 

	19
	Location of Inlet and outlet for air
	Inlet at the bottom of the dryer along with the width  of dryer (square in shape ) and outlet at the top of the roof structure assisted with chimney at one side opposite to inlet side

	20
	Crop Moisture Content (%Wb)
	Below 25 % (Exceeding the moisture content will need to be change in the inlet dimension)

	21
	Frame Material
	Mild Steel Angle (2x2 cm) total required length is 10 meter for each 

	22
	Chimney Height (meter) 
	0.5

	23
	Glazing Material
	 Polythene (200 Micron) required maximum of    2.5 m2 

	24
	Maximum Drying Temperature Ranges
	Below 64 0C for Cereal crop

	25
	Design Structure 
	Direct type Passive mode  Natural Convection Dryer

	26
	Crop
	Paddy

	27
	Floor Sheet for grain drying
	Polythene Sheet

	28
	Season of Harvesting of crop
	Paddy(October-November)

	29
	Operational Condition
	Portable in Nature

	30
	Floor Material 
	Concrete and Polythene sheet

	31
	Structure Type  
	Portable in Nature

	32
	Weight of Dryer
	Less than 15 Kg


Table 1 Specification of Chimney assisted green house solar dryer 
Design Configurations

The dryer geometries fabricated and tested were:

1. Even Span Design: Characterized by a traditional, symmetrical sloped roof, structurally simple to build, providing a baseline for comparison.
2. Materials of Construction: The fabrication process utilized materials chosen for durability, cost-effectiveness, and appropriate thermal properties:

3. Structural Frame: The main framework of chimney assisted green house solar dryer was constructed using MS (Mild Steel) Angle and MS Pipe, ensuring structural stability and longevity under varying weather conditions.
4. Glazing Material: The greenhouse effect was achieved using a high-quality, transparent Polythene Sheet of 200 micron thickness. This material was selected for its cost-effectiveness, high solar transmissivity (allowing maximum radiation capture), and its ability to trap long-wave radiation (reducing heat loss).
5. Chimney: A chimney structure was attached to the rear of each dryer roof to facilitate the passive removal of saturated air via the stack effect, thus inducing continuous natural draft convection.
6. Structural Stability: Assessed to ensure resilience against high winds and typical weather patterns of the region.
7. Material Cost: Maintained as low as possible to ensure the technology's economic feasibility and adoption by small and marginal farmers.

2.3 Experimental Procedure and setup
The overall experimental trials were conducted with 5 kg sample (1 kg in five replicates) in December 2022 with paddy. The dryer temperature and final weight of sample was recorded to calculate the moisture content (% wb) of paddy in morning, afternoon and evening time in three days.
Determination of Initial Moisture Content of  Paddy 

Analysis of the initial moisture content of paddy were conducted in the Post Harvest Engineering Laboratory of the Department of Agriculture Engineering and Food Technology, Faculty of Agriculture Science and Technology, AKS University, Satna (MP). It was expressed in percentage by weight on wet basis. The expression of moisture content MC (% Wb) is as follows.

Wm / Wm + Wd
Where ,Wm is the weight of moisture evaporated and Wd is weight of bone dry material 

Moisture content of  and paddy were determined by direct method. Direct method includes air oven drying method (1300C + 20C). Direct method (Single stage) was employed to determine the initial moisture content, with the following steps (Chakraverty, A. 2014).
Data Measurement: Solar Irradiance, Air Velocity, Relative Humidity, and Internal Dryer Temperature were continuously monitored with Automatic weather station and digital hand operated Temperature and Rh meter. Anemometer was used to record the air velocity.
Instrumentation and Data Acquisition

Accurate monitoring of ambient and internal conditions was essential for calculating performance metrics. Data were collected using a dedicated weather station and cross-verified with calibrated handheld instruments. All instruments were calibrated prior to use to ensure the collected data (e.g., ambient temperature , solar irradiance, relative humidity) were reliable. Weather station data provided the foundational ambient conditions, while handheld instruments offered precise spot checks and internal dryer readings.

2.4 Performance Evaluation 

Dryer performance was assessed using Moisture content reduction and Dryer temperature improvement as compare to ambient temperature. Comparative analysis was reported with open sun drying of paddy.
Temperature Elevation 

The difference between the maximum internal dryer temperature and the ambient provides a measure of the system's thermal trapping capability:

Moisture Content Reduction

Moisture content (MC) was measured on a wet basis and tracked throughout the day to determine the drying effectiveness.
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Fig. 1 Automatic Weather Station (AKS University, Satna, MP)
[image: image2.jpg]



Fig. 2 Even Span Roof Design of Chimney assisted green house solar dryer

The experimental trials on dryer performance utilized ambient weather data collected by the Atech India Data Logger based Automatic Weather Station installed at AKS University, Satna (MP).  This station systematically records key meteorological parameters essential for conducting solar thermal research, including: solar radiation (W/m2), ambient temperature, wind speed (m/s), relative humidity (%), and wind direction. These precisely monitored parameters provided the necessary baseline environmental conditions for evaluating and comparing the performance of the various dryer designs.
Results and Discussion
3.1 Effect of Different ambient condition on Dryer temperature and Moisture content of paddy 
Table 2 shows the results of paddy drying in ambient condition in the month of December 2022. Three days trial were conducted for performance analysis of chimney assisted green house solar drying and open sun drying. Maximum and minimum ambient temperature were recorded 240C and 17 0C.Maximum and minimum solar radiation were recorded 647 w/m2 and 255 w/m2. Maximum and minimum dryer temperature were recorded 380C and 250C.Final moisture content in chimney assisted green house solar dryer were recorded 13 (% Wb) and open sun drying final moisture content was recorded 16.3 % (Wb).

The entire drying experimental data shows the reduction in moisture content. Final moisture content in Chimney assisted green house solar dryer was less than open sun drying.

	Sr.No.
	Date


	Ambient Temperature (0C)
	Ambient Temperature(0C)
	Solar Irradiance

(W/m2)
	Ambient Relative Humidity (%) 
	Dryer Temperature (0C) 
	MC.(%Wb) 

of paddy under GHSDES 


	MC (%Wb) of

Paddy under OSD 



	Wind velocity during 15th to 17th December 2022 ranged from around 1.5 m/s to 3.2 m/s, with an average of approximately 1.8 m/s

	1
	15/12/2022
	10:00 AM
	17
	255
	61.2
	25
	18.2
	18.2

	2
	15/12/2022
	01:00 PM
	22
	614
	38.5
	36
	17.4
	17.9

	3
	15/12/2022
	04:00 PM
	20
	270
	43.5
	33
	16.5
	17.6

	4
	16/12/2022
	10:00 AM
	18
	293
	59.4
	28
	16.4
	17.5

	5
	16/12/2022
	01:00 PM
	25
	647
	33.1
	38
	15.0
	17.0

	6
	16/12/2022
	04:00 PM
	21
	313
	48.5
	33
	14.6
	16.7

	7
	17/12/2022
	10:00 AM
	17
	295
	56.5
	27
	14.5
	16.6

	8
	17/12/2022
	01:00 PM
	24
	652
	37.8
	36
	14.0
	16.5

	9
	17/12/2022
	04:00 PM
	19
	310
	48.2
	32
	13.0
	16.3

	Maximum
	25
	647
	59.4
	38
	18.2
	18.2

	Minimum
	17
	255
	37.8
	25
	13.0
	16.3


Table 2 Experimental Observation of paddy drying under open sun and chimney assisted green house solar drying condition
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Fig. 3- Effect of Ambient Temperature (0C) on Dryer Temperature in Winter Season 
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Fig 4- Effect of Ambient Temperature (0C) on Dryer Temperature (0C) during paddy drying 
3.2 Variation in Solar Irradiance during paddy drying
Fig. 5 shows the variation in solar irradiance during paddy drying. Maximum solar irradiance was recorded 
[image: image5.png]Temperature °C)

Effect of Solar Irradiance (W/m?) in Dryer Temperature

0

40
35
30
25
20
15
10

5

0

—o—Solar Irradiance
17 18 17 19

—-Dryer
Temperature

B
s
N

@IIQQQ\&

ev\& 0‘2@ ov\& oqé
S .S
N N

Time of the day (December ,2022)

W N N





           Fig 5- Effect of Solar Irradiance (W/m2) in Dryer Temperature (0C)
[image: image6.png]Temperature °C)

70
60
50
40
30
20
10

Effect of Relative Humidity (%) in Dryer Temperature
0)

——Relative
48.2 Humidity(%)

~——Dryer
Temperature

10:001:00 4:00 10:00 1:00 4:00 10:00 1:00 4:00
AM PM PM AM PM PM AM PM PM

Time of the day (December,2022)





           Fig 6- Effect of Relative Humidity (%) in Dryer Temperature (0C)
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Fig 7- Moisture content of paddy under GHSDES and Open Sun Drying 
3.3 Comparative  Thermal Performance Analysis

The primary performance parameter evaluated was maximum internal dryer temperature. The results showed that the Chimney assisted green house solar dryer achieved the highest maximum internal temperature 38 (0C) while ambient temperature was 25 0C. The difference in ambient and Dryer temperature was recorded 130C This critical data led to the conclusion that the Even Span Design possessed the superior capability for internal heat gain, justifying its selection as the optimal geometry to proceed with the demanding loaded drying trials for paddy.
3.4 Comparative analysis of open sun drying and chimney assisted green house solar drying

Thermal Performance and Temperature Elevation

The comparative analysis reveals a significant thermal advantage for the GHSDES over ambient conditions. While the maximum ambient temperature recorded was 24°C, the GHSDES achieved a peak internal temperature of 38°C at 01:00 PM on December 16th, creating a substantial thermal gradient of 13°C. This temperature elevation is directly attributed to the greenhouse effect and the optimized chimney height, which facilitates a natural draft even when solar irradiance fluctuated. Even during lower-intensity periods, the dryer consistently maintained temperatures 8°C to 13°C higher than the surrounding air, providing the necessary heat energy to accelerate the moisture removal process from the paddy.

Moisture Content Reduction 

In terms of drying kinetics, the GHSDES exhibited superior efficiency compared to traditional OSD. Starting from an identical initial moisture content of 18.2% (wb), the paddy in the GHSDES reached a final moisture content of 13.0% (wb) by the end of the three day trial. In contrast, the paddy under OSD only reached 16.3% (wb) in the same timeframe. The GHSDES achieved a total moisture reduction of 5.2%, whereas OSD only managed 1.9%. This demonstrates that the chimney-assisted greenhouse environment nearly triples the drying effectiveness, ensuring the paddy reaches the safe storage threshold (typically around 13-14%) much faster than conventional methods.
List 1- Comparison between OSD and GHSDES  
	Parameter
	Open Sun Drying (OSD)
	Chimney assisted Greenhouse Dryer (GHSDES)

	Drying Temperature
	25°C
	38°C

	Initial Moisture Content
	18.2 (%Wb)
	18.2 (%Wb)

	Final MC (% wb)
	16.3 %
	13 %


Summary and Conclusions

In conclusion, the comparative evaluation of the chimney-assisted greenhouse solar dryer with open sun drying is as follows:

1. Design geometry and chimney height play a crucial role in the creating the difference of 13 0C in the month of December 2022 at Satna MP, India. 
2. Maximum temperature was recorded 38 0C while ambient temperature was 25 0C of dryer temperature . 
3. The observed variations highlight how structural configuration influences air circulation, buoyancy-driven airflow, and overall energy efficiency. 
4. The initial moisture content of paddy was recorded 18.2 (%wb) . The final moisture recorded in chimney assisted green house solar dryer was 13 (%wb) and open sun drying was recorded 16.3 (%wb)
5. Afternoon cooling trends further revealed differences in heat retention capacity among the designs. 
6. These findings emphasize that optimizing dryer geometry and chimney design can significantly enhance solar heat utilization and performance consistency. The study provides a foundational understanding of the thermal characteristics of greenhouse solar dryers, supporting their future application and improvement in agricultural drying systems. The final outcomes confirmed a significant elevation of internal temperature compared to the atmosphere, validating the effective utilization of solar energy for the preservation of  and paddy crops.
Conflict of Interest Statement

The author declares that the design presented in this research may have commercial applications, and a patent application by the first author is intended in the near future. This is disclosed in accordance with standard publication ethics.

Design data availability statement

All the Dimensional Design Data of Chimney assisted Green House Solar Dryer are available with Rajesh Kumar Mishra (First Author).This entire work is of PhD Thesis of first author. After Submission of PhD (Mechanical Engineering) thesis it will be published in UGC portal (Sodhganga) of Government of India. After Uploading of entire thesis in this portal i (Rajesh Kumar Mishra) will provide the design data upon reasonable request.

Recommendations
Future work may include CFD modeling and ANN based prediction to optimize roof curvature and airflow design further. Adoption of even span and parabolic roof structures for crop drying is appropriate design for agricultural produces, particularly in regions with high solar radiation. Integration with ANN models to predict and optimize drying performance under different climates. Explore hybrid dryers with thermal storage.
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