Solar Dryer Project: Complete Design Guide for Years 10-12

Project Overview

A solar dryer uses the sun's energy to remove moisture from fruits, vegetables, or other materials. This
project demonstrates key physics principles while creating a useful device that can preserve food

without electricity.

Design Specifications

Basic Box-Type Solar Dryer Design
¢ Dimensions: 60cm (L) x 40cm (W) x 30cm (H)
e Capacity: Can dry 2-3kg of sliced fruits/vegetables

* Drying Temperature: 50-65°C (optimal for food preservation)

Materials List

Main Structure

* Plywood sheets: 12mm thick (for base and sides)

» Clear polycarbonate or glass: 2mm thick for glazing

* Black metal sheet: Thin aluminum or steel for absorber plate
* Wire mesh trays: 2-3 levels for food placement

* Insulation material: Foam board or newspaper

» Hinges: For access door

* Screws and nails: Stainless steel preferred

» Weather stripping: To seal gaps

» Black paint: Heat-absorbing matte finish

¢ Air vents: Small mesh-covered holes

Detailed Construction Steps

Step 1: Building the Box Frame

1. Cut plywood pieces:
e Base: 60cm x 40cm

e Back wall: 60cm x 30cm
e Side walls: 40cm x 30cm (2 pieces)

e Front wall: 60cm x 25cm (shorter for angled top)

2. Assemble the box using wood screws, creating a sturdy rectangular frame

3. Sand all surfaces smooth



Step 2: Creating the Solar Collector
1. Paint the inside of the box with matte black paint
2. Install the black metal absorber plate on the bottom

3. This creates a "heat trap" that absorbs solar radiation

Step 3: Installing the Glazing
1. Cut the clear cover to fit the angled top (60cm x 45cm approximately)
2. Create an angled frame (15-20° slope) to face the sun
3. Seal edges with weather stripping to prevent heat loss

4. The angle helps maximize solar radiation capture

Step 4: Adding Ventilation System
1. Cut inlet vents (5cm diameter) near the bottom of the front panel
2. Cut outlet vents (7cm diameter) near the top of the back panel
3. Cover vents with fine mesh to keep insects out

4. This creates natural convection airflow

Step 5: Installing Drying Trays
1. Mount wire mesh trays at different levels (15cm, 20cm, 25¢cm from bottom)

2. Ensure trays can slide in and out easily

3. Use food-grade stainless steel mesh

Step 6: Insulation and Finishing
1. Line the walls with insulation material
2. Install hinged door or removable panel for loading
3. Add a thermometer for temperature monitoring

4. Apply weatherproof finish to exterior

How the Solar Dryer Works

The Drying Process
1. Solar heating: Sun's rays pass through the transparent cover
2. Heat absorption: Black surfaces absorb solar radiation and convert it to heat
3. Air circulation: Warm air rises through the drying chamber
4. Moisture removal: Hot, dry air absorbs moisture from food

5. Ventilation: Moist air exits through top vents while fresh air enters below

Physics Principles Demonstrated



1. Solar Radiation and Heat Transfer

Concept: The sun emits electromagnetic radiation that can be converted to thermal energy
Simple Explanation:

e Sunlight is made of tiny packets of energy called photons
e When photons hit the black surfaces, they make the molecules vibrate faster
e Faster vibrating molecules = higher temperature

e This is like how a black car gets hotter than a white car in sunshine
Mathematical Relationship: Heat absorbed = Solar radiation x Area x Absorption coefficient
2. Greenhouse Effect
Concept: Transparent materials trap heat by allowing light in but preventing heat from escaping

Simple Explanation:

Glass/plastic lets sunlight through easily

Heated surfaces inside give off infrared heat (invisible heat rays)

Glass blocks these heat rays from escaping

This creates a "heat trap" - same principle as Earth's atmosphere

3. Convection and Air Circulation

Concept: Hot air rises because it becomes less dense than cold air
Simple Explanation:

e When air heats up, molecules spread out (like passengers on a bus standing up)
e Spread-out air is lighter per cubic meter
* Light hot air floats up like a helium balloon

e This creates a natural "conveyor belt" of air movement

Formula: Buoyancy force = (p1 - p2) x V x g Where p, = cold air density, p, = hot air density, V =

volume, g = gravity

4. Evaporation and Humidity

Concept: Heat energy breaks the bonds holding water molecules in liquid form
Simple Explanation:

* Water molecules are like people holding hands in a crowd
» Heat gives them energy to break free and "jump" into the air as vapor

e Moving air carries away the water vapor (like a breeze drying wet clothes)



e This leaves the food dry and preserved
5. Heat Capacity and Thermal Mass
Concept: Different materials store different amounts of heat energy
Simple Explanation:

e The black metal plate is like a thermal battery
» During sunny periods, it stores heat energy
* When clouds pass, it releases stored heat to keep drying going

* This prevents temperature from changing too quickly

Usefulness and Applications

Food Preservation Benefits

Extended shelf life: Removes 80-90% of moisture, preventing bacterial growth

Nutritional retention: Preserves vitamins better than other preservation methods

No electricity required: Sustainable and cost-effective

Versatile: Can dry fruits, vegetables, herbs, meat (jerky)

Educational Value

* Demonstrates renewable energy principles

Shows practical application of physics concepts

Develops construction and problem-solving skills

Introduces sustainable technology concepts

Real-World Applications

¢ Rural communities without refrigeration
e Emergency food preparation
e Reducing food waste

e Commercial food processing (larger scale)

Project Milestones and Timeline

Week 1-2: Planning and Material Gathering

¢ Finalize design measurements
¢ Source all materials

» Create detailed construction drawings

Week 3-4: Construction Phase 1



¢ Build main box structure
¢ |nstall absorber plate and paint surfaces

¢ Test basic assembly

Week 5-6: Construction Phase 2

* Install glazing and ventilation system
e Add drying trays and door mechanism

e Complete insulation and weatherproofing

Week 7-8: Testing and Optimization

¢ Test with actual food samples
e Monitor temperatures and airflow

e Make adjustments for optimal performance

Week 9-10: Data Collection and Analysis

e Record drying times for different foods

e Measure temperature variations

e Compare with commercial drying methods
Safety Considerations

* Use safety glasses when cutting materials

Adult supervision required for power tools

Ensure all edges are smooth to prevent cuts

Use food-grade materials for surfaces touching food

Monitor maximum temperatures to prevent overheating

Assessment Opportunities

Physics Understanding
e Explain heat transfer mechanisms
e (Calculate energy efficiency
e Analyze temperature data

¢ Predict performance under different weather conditions

Practical Skills

e Construction technique evaluation
* Problem-solving during build process

* Design modification and improvement suggestions



Data collection and analysis skills

Extensions and Improvements

Add temperature data logging system
Compare different absorber materials
Test various glazing materials

Design larger commercial-scale version

Integration with renewable energy systems

Expected Results

Internal temperatures: 50-65°C on sunny days
Drying time: 1-3 days depending on food type and weather
Moisture removal: 80-90% of original water content

Cost effectiveness: Pays for itself after preserving 20-30kg of food



